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ERRATA 

Page  626,  second  column,  line  18,  should  read  *'  in  the  tank,  and  as  long/' 
Page  627,  second  column,  line  31,  should  read  ''especially  where  condensed  exhaust 
steam  is  to  be.*' 
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THE  ART  OF  WORKING  IRON 

Maurice  M.  Sloan 

The  Ek^uiPMBNT  op  the  Shop — Interesting  Methods  Employed  in  the  Manufacture  of 
Ornamental  Wrouqht-Iron  Work 


SINCE  the  time  of  Solomon  the  ironworker 
has  been  recognized  as  an  artisan  of  rare 
attainments.  Vulcan  was  worshiped  by 
the  Romans  as  the  god  of  fire  and  the  worker 
of  metals.  He  was  the  divine  artist,  the 
creator  of  all  that  was  beaatiful  as  well  as 
all  that  was  mechanically  wonderful  in  the 
abodes  of  the  gods,  and,  like  the  smith  of 
today,  he  depended  on  the  forge  and  the 
hammer  as  the  principal  implements  in  the 
practice  of  his  craft. 


Our  modern  ironworker  possesses  few  tools 
compared  with  the  artisans  practicing  the 
contemporaneous  industrial  arts,  but  he  is 
ingenious,  and  makes  the  best  use  of  those 
at  hand,  greatly  widening  their  sphere  of 
usefulness  by  the  adoption  of  simple  devices 
peculiar  to  the  shop  wherein  they  are  em- 
ployed. 

However,  as  we  are  acquainted  with  the 
proprietor  of  an  industrious  shop  turning  out 
the  usual  run  of  ornamental  ironwork  now 


Copyright,  1900,  by  The  CoUiery  Engineer  Company 


Digitized  by 


v^oogie 


THE  ART  OF  WORKING  IRON 


required  by  the  architect,  let  U8  obtain  his 
permiflsion  to  go  through  the  works,  and  see 
whether  our  observations  will  not  give  us  a 
better  understanding  of  the  manufacture  of 
wrought  work,  as  applied  in  architectural 
and  decorative  art. 

As  we  step  inside  the  door,  a  cursory 
glance  around  the  shop  reveals  several  jobs 
under  way,  which  vary  greatly  in  character, 
and  are  more  or  lees  in  progress  toward 
completion.  1?he  equipment  of  the  shop  is 
foir,  and  by  the  ingenuity  displayed  in  the 
operation  of  a  few  machine 
tools,  is  very  efficient. 

The  smith  shop  contains 
several  open  forges,  the  air 
blast  being  generated  by  a 
centrifagal  belt-driven  fan. 
The  smoke  and  gases  from  the 
forges  are  carried  through 
the  roof  by  cylindrical  flues, 
the  lower  ends  of  which  are 
about  3  feet  above  the  flre. 
Several  light  power  hammers 
of  the  trip  or  tilting  variety, 
the  usual  anvils,  hand  ham- 
mers, sledges,  fullers,  and 
tongs  complete  the  tools  in 
this  section  of  the  shop. 

Let  us  watch,  for  a  few  mo- 
ments, the  workman  over  in 
one  corner  of  the  smithy. 


It  is  evident  that  he  is  laying 
out  some  new  work,  and  judg- 
ing from  the  drawing  it  Ib  a 
massive  iron  fence  of  good 
proportion  and  design.  How^ 
interesting  it  is  to  watch  him 
as  he  transfers  the  architect's 
full-size  brown-paper  detail 
to  the  sheet-iron  plate.  We 
asked  him  why  he  did  thifi, 
and  he  told  us  that  the  smith, 
in  order  to  work  his  iron  to 
the  form  shown  on  the  draw- 
ing, must  repeatedly  lay  the 
hot  forging  on  the  outline  of 
the  design.  This  would  de- 
stroy the  paper  drawing  on 
the  first  trial,  and,  conse- 
quently, the  design  must  be 
reproduced  on  a  sheet-iron 
plate,  where  it  remains  intact 
until  the  work  is  finished. 
Notice  how  readily  the  trans- 
ferring is  accomplished;  the 
workman  rubs  the  back  of 
the  drawing  with  chalk  and 
lays  the  paper,  with  the  chalk 
side  down,  upon  the  plate,  going  over  the 
outline  of  the  design  with  a  lead  or  soaj)- 
stone  pencil,  thus  transferring  the  chalk  to 
the  plate  along  the  lines  passed  over  by  the 
pencil.  It  is  simply  the  operation  employed 
by  every  schoolboy  in  the  land,  only  the 
chalk  on  the  back  of  the  drawing  acts  as  the 
carbon  paper. 

Just  across  the  shop  a  sturdy  smith  and 
his  helper  are  at  work  forming  the  frame 
of  the  fence  standard,  as  laid  out  on  the 
metal    plate.     A   glance   at   the   partially 
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finished  work  aroond  the  anvil  reyeala  the 
manner  in  which  they  proceed.  Bar  iron 
of  the  right  thickness  and  width  was 
selected,  and  cat  to  a  length  suited  to  make 
one  half  of  the  standard.  The  end  on 
which  the  volute  is  formed  was  drawn  out 
somewhat,  and  the  volute  turned;  the 
required  shear  or  curve  is  given  to  the  verti- 
cal portion  of  the  bar,  and  the  other  end 
turned  to  form  half  the  base,  allowance 
being  made  for  a  lap  weld.  The  two 
halves  of  the  standard  are  joined  by  welding, 
and  the  required  curve  to  fit  the  top  of  the 
coping  given  to  the  base.  With  a  few  final 
blows  the  kinks  are  taken  out,  and  the 
standard  is  ready  for  drilling  and  punching. 

Before  we  leave  the  smith  shop  let  us 
watch  the  trip  or  tilting  hammer  at  work. 
The  operator  is  using  it  to 
finish  the  top  of  a  number 
of  iron  pickets  for  a  fence. 
The  top  is  ornamental  in 
character,  being  a  conical 
spear  head  surmounted  with 
a  ball  and  ftirther  embel- 
lished by  a  half-round  bead 
an  inch  or  two  beneath  the 
spearhead.  The  picket  heads 
have  been  rapidly  roughed 
out  by  hand  hammering  and 
welding,  and  the  dies  in  the 
tilt  hammer,  being  of  the 
required  form,  finish  the  head 
quickly  and  smoothly,  pro- 
vided good  judgment  has 
been  used  in  welding  enough 
material  on  the  picket  to 
neatly  form  the  head. 

From  the  smith  shop  we 
enter  the  assembling  room. 
There  is  a  large  clear  space  in  the  center;  on 
one  side  are  the  machine  tools,  on  the  other 
are  the  fitting-up  benches.  The  machine 
tools  are  not  heavy,  for  the  work  is  light, 
and  must  be  rapidly  done.  They  consist  of 
a  power-driven  alligator  shear,  two  medium- 
sized  drill  presses  of  the  usual  type,  a  small 
screw-cutting  lathe,  an  emery  wheel,  together 
with  a  set  of  6-foot  light  sheet-iron  bending 
rolls  and  a  light  vertical  power  punch.  The 
foreman  tells  us  that  the  shear  is  employed 
in  cutting  bar  iron  to  length  and  plates  to 
shape,  but  that  it  does  not  make  a  smooth 
job  in  cutting  plates,  and  shows  us  how  he 
has  rigged  up  a  set  of  shear  knives  that  can 
be  operated  in  the  punch  and  which  man- 
ages light  work  much  better  than  the  alli- 
gator shear. 

It  is  evident  that  the  man  running  the 


drill  press  must  use  his  ingenuity  to  good 
account;  for  the  shop  is  not  provided  with 
a  slotter  or  shaper,  and  the  drill  press  must 
be  used  in  roughing  out  halved  comers  and 
notched  joints.  Let  us  examine  the  drill  he 
uses  for  this  purpose;  it  is  ground  square 
across  the  cutting  edges,  being  set  at  15 
degrees,  and  is  provided  with  an  arbor 
formed  at  its  center  of  revolution.  This 
arbor,  which  acts  as  a  guide,  fits  into  a  i-inch 
hole  previously  drilled  in  the  bar  that  it  is 
desired  to  halve  or  notch.  When  the  drill, 
which  is  larger  in  diameter  than  the  bar, 
revolves,  it  cuts  the  iron  entirely  away  for 
half  its  depth,  and  no  more^  as  the  arbor  la 
just  that  length,  and  prevents  the  drill  from 
cutting  farther.  The  cutting  surface  it  made 
is  flat,  though  it  leaves  a  concave  shoulder 


that  must  afterwards  be  squared  with  a  file. 

Our  man  to  the  right  of  the  punch  is 
keeping  the  emery  wheel  employed  in  smooth- 
ing off  the  rough  places  left  by  the  black- 
smith in  bending  or  welding  the  spirals  or 
ornamental  shapes,  and  he  often  finds  the 
emery  wheel  more  rapid  and  efficient  than 
the  file  in  cutting  away  superfluous  metal 
and  forming  dowels  on  pieces  that  are  to  be 
secured  in  the  fabric  of  the  design. 

The  lathe  and  the  bending  rolls  have  their 
respective  uses:  the  lathe  in  drilling  rivet 
holes  in  work  that  will  not  permit  of  punch- 
ing or  operating  on  the  drill  press,  and  in 
turning  gate  trunnions  and  general  construc- 
tive and  repair  work  about  the  shop;  the 
bending  rolls  come  in  handy  in  breaking 
sheet  iron  to  a  required  curve  or  in  bending 
heavy  flat  bar  iron  to  the  arc  of  a  circle. 
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.  But  time  is  pressiDg,  and  it  looks  as  if  the 
man  operating  the  hand  forge  over  at  the 
other  side  of  the  shop  were  engaged  in  inter- 
esting work.  What  is  that  by  the  side  of 
the  forge  ?  It  looks  like  small  pieces  of  brass, 
and  he  confirms  the  observation.  Several 
wrought  scrolls  growing  from  one  stem  are 
to  be  united  by  brazing,  and  the  use  of  the 
brass  is  explained.  The  bars  of  iron  forming 
,the  scrolls  are  tapered  at  the  end  where  they 
merge  into  the  st^m,  and  the  scrolls  are 
held  in  their  respective  positions  by  a  piece 
of  twisted  wire.  Notice  how  he  places  a  brass 
chip,  with  some  calcined  borax,  on  the  junc- 
tion of  the  scrolls  and  stem,  and  lays  the 
work  carefully  on  the  fire,  propping  a  piece 
of  charred  wood  over  it  so  that  the  heat 
will  be  deflected  downward  upon  the  brass. 
It  is  necessary  to  thus  deflect  the  heat 
downward;  for  we  see  that  the  iron  is  hot 
already,  and  the  fine  end  of  one  of  the  scrolls 
seems  about  to  melt;  if  the  heat  were 
not  deflected  downward  on  the  brass,  the 
iron  would  bum  before  the  brazing  could 
be  completed.  The  brazier  must  turn  the 
blower  carefully,  for  even  yet  the  brass 
remains  solid,  and  the  scintillations  at  the 
finer  portions  of  the  work  clearly  show  that 
the  iron  is  on  the  point  of  destruction.  He, 
however,  knows  his  business,  for  see,  with 
a  light  tap  of  the  poker  the  brass  runs  over 
the  joint  and  through  the  interstices,  which 
hardens  when  the  work  is  removed  from 
the  fire,  and  thus  securely  brazes  the  pieces 
together. 

The  gallery  railing  in  the  center  of  the 
shop  where  large  work  is  assembled  oflers 
an  interesting  study  in  Ironwork  of  this 
character.    The  top  rail  is  a  light  channel 


iron,  and  the  intention  is  to 
secure  to  this  a  hollow  cast-iron 
rail  of  tasty  design.  The  scroll 
and  wrought  work  are  pleasing, 
and  are  put  together  in  the  sev- 
eral ways  adapted  to  this  work. 
A  close  examination  of  the 
gallery  shows  that  the  several 
parts  are  secured  with  rivetjs, 
machine  screws,  welding  and 
brazing,  binding  with  bands, 
and  notching  and  riveting  over 
the  tenons.  The  heads  of  the 
screws  are  often  cut  off  and  the 
screw  flat-riveted;  this  makes 
a  clean  job  where  the  screw 
heads  are  not  intended  to  form 
a  part  of  the  design. 

At  the  door  through  which 
we  were  leaving  the  shop  our 
attention  was  directed  to  a  couple  of  work- 
men engaged  in  the  manufacture  of  the 
common  diamond-mesh  wire-screen  guards 
usually  seen  over  window  openings  and 
around  elevator  enclosures. 

The  wure  is  selected  of  such  a  diameter  as 
is  suited  to  the  weight  of  screen  desired,  and 
is  crimped  so  that  the  screen  will  have  lateral 
stiffness,  and  so  that  the  interlacing  will  be 
secure. 

The  foreman  of  the  shop  had  rigged  up  an 
ingenious  machine  for  crimping  the  wire. 
Let  us  see  what  it  consists  of.  There  is  a 
frame  similar  to  the  headstock  of  a  lathe. 
This  frame  supports  in  bearings  two  parallel 
shafts,  to  one  of  which  the  power  is  applied 
by  a  crank  secured  to  a  heavy  flywheel,  the 
other  shaft  being  driven  from  this  one  by 
spur  gearing. 

The  outside  ends  of  these  shafts— the  ends 
farthest  from  that  at  which  the  power  is 
applied — project  beyond  the  frame  and  are 
squared  and  so  arranged  that  crimping 
wheels  with  differently  pitched  teeth  can  be 
taken  on  and  off,  as  desired.  These  wheels 
consist  of  a  cast-iron  blank  form  into  the 
perimeter  of  which  is  mortised  steel  teeth  or 
pinions,  made  of  bar  steel  about  1  inch  wide 
by  ^  inch  thick. 

These  teeth  do  not  mesh,  though,  in  turn- 
ing, the  points  of  the  teeth  on  the  one  wheel 
come  central  with  the  spaces  on  the  other 
and  enter  them  sufficiently  to  cause  the  wire 
passing  between  them  to  be  indented  or 
crimped,  the  length  and  depth  of  the  crimp 
depending  on  the  pitch  and  length  of  the 
teeth. 

The  wire  is  drawn  from  the  reel  through 
the'  machine,  and  is  guided  by  one  of  the 
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workmen  and  the  guards  provided  at  the 
sideB  of  the  crimping  wheels. 

Over  on  the  large  flat  tahle  adjacent  to  the 
crimping  machine  the  wires  are  laid  inter- 
lacing, after  heing  cut  to  length,  and  are 


surrounded  with  a  light  channel  frame,  in 
the  web  of  which  holes  are  drilled,  and 
through  which  the  ends  of  the  wires  are 
passed  and  clinched,  the  ends  laying  snugly 
in  the  groove  of  the  channel; 


THE    FIRST  COST  OF    MECHANICAL  DRAFT 

Walter  B.  Snow 

Comparison  op  Cost  op  Boiler  Plants  With  Chimnbt  Draft  and  Mechanical  Draft. 
The  Influence  of  an  Economizer  on  the  First  Cost 


WHEN  any  contemplated  increase  in  effi- 
ciency is  under  consideration,  the 
first  question  to  be  asked  is  whether 
the  saving  will  show  a  fair  return  on  the 
inyestment;  for  it  is  generally  assumed  that 
to  secure  increased  efficiency,  additional  ex- 
penditure is  necessary  in  the  equipment, 
whether  it  be  of  a  boiler  plant,  a  cotton  mill, 
or  a  machine  shop.  But  in  the  considera- 
tion of  the  influence  of  mechanical  draft  on 
the  first  cost  of  a  boiler  plant,  the  interesting 
case  is  presented  of  increased  efficiency  se- 
cured at  decreased  cost  of  original  equipment. 

From  the  purely  economical  standpoint, 
mechanical  draft  offers  the  opportunity  for 
greatly  reducing  the  waste  incident  to  the 
discharge  of  the  hot  gases,  which  is  abso- 
lutely necessary  with  a  chimney.  This 
waste,  when  a  fiui  blower  was  employed  to 
produce  draft,  has  actually  been  reduced  to 
only  5  per  cent,  of  the  total  heat  of  the  fbel, 
while  only  1  per  cent  was  necessary  for 
operating  the  blower.  It  further  makes 
possible,  owing  to  the  intensity  of  draft, 
the  burning  of  the  cheapest  fuel,  which  is 
almost  without  exception  very  finely  divided, 
and  tends  to  pack  closely.  There  are  also 
economies  incident  to  more  perfect  combus- 
tion, to  smaller  requirement  for  air  supply, 
and  to  almost  instantaneous  response  to  a 
sudden  call  for  more  steam,  which  tend  to 
increase  the  saving  that  may  be  shown  in 
the  operation  of  mechanical  draft  as  con- 
trasted with  chimney  draft. 

These  economies  do  not  relate,  however, 
to  the  first  cost,  except  in  so  far  as  the  fixed 
charges  may  affect  them.  A  consideration 
of  the  first  cost  of  the  plant  in  which  these 
economies  are  possible  will,  if  we  take  a 
concrete  case,  serve  to  show  what  these 
changes  will  be,  and  will  render  evident  the 
expense  necessary  for  equipment  with  the 
fan  and  with  the  chimney. 


In  Fig.  1  is  presented  the  plan  of  a  boiler 
plant  consisting  of  twelve  modem  water-tube 
boilers.  These  are  set  in  pairs,  and  are 
arranged  so  that  under  ordinary  conditions 
the  gases  pass  through  economizers  placed 
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at  the  end  of  the  boiler  house.  Each  boiler 
is  rated  at  200  horsepower,  the  total,  there- 
fore, being  2,400  horsepower.  A  chimney 
9  feet  in  internal  diameter  and  180  feet  high 
serves  to  produce  draft  for  the  plant  when 
the  economizers  are  in  operation.  By-passee 
around  the  latter  make  possible  the  passage 
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of  the  gases  directly  to  the  chimney  when 
necesaary. 

Stated  in  round  numbers,  the  cost  of  this 
plant,  as  given  in  detail  and  including  the 
boiler  house,  is  as  follows: 

12boilen  187,000 

2  economixen 10,600 

Boiler  and  eoonomlser  8ettiii«s  and  by-pawei  0.000 

Aatomatlo  damper  regulator  and  dampers. . .  400 

Chlmneff  including  foondatloni 10,200 

Boiler  house 11,500 

Total    178,600 

In  Fig.  2  is  shown  the  same  plant  with  a 
mechanical-draft  apparatus  substituted  for 
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the  chimney.  This  apparatus  is  of  the 
induced  type,  designed  to  draw  the  gases 
from  the  boilers,  and  in  this  case  to  dischiEurge 
them  tlirough  a  short  steel-plate  stack 
extending  just  through  the  roof.  The  gen- 
eral construction  of  the  apparatus  is  shown 
in  Figs.  3  and  4.  It  consists  of  two  steel- 
plate  £Eins,  either  one  of  which  is  capable  of 
producing  the  draft  for  the  entire  plant,  and 
both  of  which  operated  together  would  pro- 
vide the  opportunity  for  forcing  it  far  above 
its  rating.  Each  fan  is  operated  by  an 
independent  engine,  so  that  either  one  or 
both  of  the  fans  can  be  operated  at  will. 
Suitable  inlet  and  outlet  connections  make 
possible  the  entire  isolation  of  either  one  of 
the  fans  for  cleaning  or  repairs. 

By   an   automatic   arrangement,  a   very 
slight  change  in  the  boiler  pressure  very 


materially  alters  the  quantity  of  steam  sup- 
plied to  the  engines,  the  effect  being  that 
instantaneous  changes  are  made  in  the  draft, 
and  the  boiler  pressure  is  maintained 
practically  constant.  The  entire  apparatus 
ia  supported  in  a  simple  manner  on  top 
of  the  economizer  settings. 

Evidently  this  type  of  apparatus,  being 
duplex  in  character  and  handling  the 
heated  gases  at  about  twice  the  volume  of 
the  initial  air  supply,  is  the  most  expensive 
that  could  be  installed.  Nevertheless,  its 
total  cost,  with  foundations,  inlet  and  outlet 
connections,  automatic-regulating  device, 
and  short  stack  would  be  only  about  94,700. 

The  account,  therefore,  stands  as  follows: 

Chimney  Dbaft 

Coit  of  chimney  $10,200 

Coit  of  damper  regulator  and  dampers  400 

TOUl $10,010 

MECH1NICA.L  DRjLPT 

Cost  of  mechanical-draft  plant  complete    4,700 

Saving  by  using  mechanical  draft $  5,900 

Incidentally  there  is  also  saved  the  space 
previously  occupied  by  the  chimney.  The 
value  of  this  space  must  of  course  depend  on 
the  location  of  the  boiler  plant.  If  in  the 
heart  of  a  city  it  may  well  amount  to  from 
11,000  to  $2,000. 

Frequently,  because  of  location,  the  erec- 
tion of  a  chimney  becomes  an  excessively 
expensive  undertaking.  In  a  recent  instance 
a  large  establishment  in  the  retail  district  of 
a  lai^  city  desired  to  increase  the  output  of 
its  boiler  plant.  The  boilers  were  located  in 
a  sub-basement  below  water  level;  the  space 
was  restricted  between  two  high  buildings, 
in  the  comer  of  one  of  which  was  carried 
the  chimney.  Estimates  on  a  new  chimney 
of  sufficient  capacity  figured  about  $7,000, 
and  contemplated  supporting  it  in  part 
above  the  boilers.  The  problem  was  a  diffi- 
cult one  to  solve,  but  resort  was  had  to 
mechanical  draft,  utilizing  the  old  chimney 
for  the  discharge  of  the  gases.  The  price 
paid  for  a  complete  induced-draft  fan  and 
engine  was  only  about  $1,200. 

The  cost  of  the  mechanical-draft  plant  for 
the  2,400-horsepower  plant  as  given  above 
was  a  little  over  44  per  cent  of  that  of  the 
chimney  and  accessories.  This  compares 
fEivorably  with  the  averages  of  nine  different 
plants,  data  regarding  which  have  been  col- 
lected. In  certain  of  these  cases  the  cost  of 
the  chimney  was  known  and  that  of  the 
mechanical-draft  plant  was  accurately  cal- 
culated. In  others  the  contract  price  for  the 
mechanical-draft  plant  formed  the  basis  of 
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comparison,  and  the  cost  of  the  chimney 
was  estimated.  The  average  relative  costs 
are  shown  hy  the  lengths  of  the  lines  and 
indicated  by  the  figores  given  below: 
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In  making  up  our  fixed  charges  it  is  fair 
to  assume  for  the  mechanical-draft  plant: 

Interest 5  percent. 

Depreciation  and  repairs -14  per  cent. 

Taxes  and  insurance  1|  per  cent. 

11  percent. 
For  the  chimney,  on  the  other  hand,  we 
may  accept: 

Interest 5  percent 

Depreciation  and  repairs  1^  per  cent. 

Taxes  and  insurance 1^  per  cent. 

8  i>ercent 


1—  FEM.  CB9T, 


In  each  case  the  cost  of  the  mechanical- 
draft  plant  included  a  short  steel-plate  stack. 
These  averages  are  sufficiently  general  in 
their  character  (being  based  on  boiler  plants 
raoging  from  150  to  2,500  horsepower)  to 
show  that  under  all  ordinary  conditions  the 


That  is  to  say,  3  per  cent,  less  on  the 
chimney  than  on  the  fan.  In  other  words, 
if  a  chimney  were  to  cost  $10,000,  the  annual 
fixed  charges  would  be  8  per  cent,  of  $10,000, 
or  $800.  Taking  the  proportionate  cost  for 
different  types  of  substitute  mechanical-draft 


Fia.  8 
cost  of  a  fan  and  accessories  is  far  less  than 
that  of  a  chimney  of  equal  capacity. 

But  it  may  reasonably  be  asked,  Does  not 
the  fim  deteriorate  more  rapidly  than  the 
chimney  ?  Most  assuredly  it  does,  but  under 
good  conditions  no  more  rapidly  than  the 
general  average  of  the  boiler  plant. 


SCIENCE  ANO  INDUSTRY. 

Fig.  4 
apparatus  as  previously  indicated,  the  fixed 
charges  on  a  basis  of  11  per  cent,  would  be: 

Forced  draft  with  one  fan $206.00 

Induced  draft  with  one  fan 294.00 

Induced  draft  with  two  fians 4G2.00 

This  still  shows  evident  advantage  in  cost 
of  mechanical  draft. 
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One  of  the  important  characteristics  of 
mechanical  draft  is  its  ability  to  readily 
produce  pressures  of  draft  in  excess  of  those 
obtainable  with  the  ordinary  chimney.  This 
results  in  more  rapid  and  intense  combus- 
tion, and  makes  possible  the  forcing  of  boilers 
above  the  limit  usual  when  a  chimney  is 
employed  for  draft  production.  In  other 
words,  a  boiler  may  be  increased  in  capacity. 

It  is  true  that  with  chimney  draft, 
increased  output  above  the  rating  is  likely 
to  be  indicative  of  decreased  efficiency  of 
combustion.  One  of  the  factors  in  bringing 
about  lower  efficiency  is  the  higher  tempera- 
ture of  the  gases  necessary  for  the  production 
of  greater  chimney  draft.  What  is  more, 
the  quantity  of  air  supplied  with  the  chim- 
ney is  frequently  excessive  and  difficult  to 
control.  But  with  the  fan,  the  positive 
supply  of  air,  its  perfect  and  automatic  regu- 
lation, and  deeper  fires,  all  tend  to  show  as 
good  results  under  conditions  of  reasonable 
forcing  as  are  usually  obtainable  with  a 
chimney  when  the  boilers  are  operated  at 
their  rated  output.  If,  with  these  facts  in 
mind,  we  should  take  the  2,400-hor8epower 
plant  previously  under  consideration,  and 
omit  two  boilers  and  at  the  same  time  sub- 
stitute mechanical  draft,  the  plant  would 
have  a  rated  capacity  of  only  2,000.  This 
could  readily  be  forced  to  2,400  {horsepower 
by  means  of  the  fans;  and  with  the  econo- 
mizers remaining  the  same,  would  undoubt- 
edly show  as  good  evaporative  efficiency  as 
the  original  plant  with  chimney  draft.  But 
the  reduction  in  the  number  of  boilers,  if  the 
plant  were  to  be  designed  for  only  2,000  horse- 
power, would  incidentally  bring  about  a 
decrease  in  the  cost  of  the  settings  and  of 
the  building,  with  the  following  aggregate 
results: 

2,400  Nominal  Hobsepowbr  Plant  With  Chimney 
Draft 

12  boilers  $37,000 

2  economizen 10,600 

BoUer  and  eoonomizer   Bettings,  and  by- 
pass^    9,000 

Automatic  damper  regulator  and  dampers...  400 

Chimney,  including  foundations  10,200 

Boiler  house 11,500 

Total  $78,600 

2,000  Nominal  Horsbpoweb  Plant  With  Mechan- 
ical Draft 

10  boilers    $80,888 

2  eoonomisers 10,600 

Boiler  and  economizer   settings,  and  by- 
passes    8,500 

Boiler  house 11,000 

Mechanical-draft  plant  complete 4,700 

Saving  by  using  mechanical  draft 18,067 

$78~6bo 


Of  the  $13,067  thus  shown  to  be  possibly 
saved  by  introducing  mechanical  draft 
instead  of  chimney  draft,  $5,900  has  already 
been  accounted  for  by  the  mere  omission  of 
the  chimney,  leaving  $7,167  as  the  amount 
to  be  credited  to  the  reduction  in  nominal 
rating. 

Inasmuch  as  mechanical  draft  presents,  as 
one  of  its  salient  features,  the  opportunity 
for  utilizing  a  large  proportion  of  the  waste 
heat  of  the  flue  gases,  it  is  in  a  sense  proper 
that  the  fan  and  the  economizer  should  be 
considered  as  related  parts  of  a  fuel-saving 
apparatus.  Suppose,  therefore,  in  the  case 
of  the  2,400-horsepower  plant,  that  it  was 
originally  designed  for  chimney  draft  with- 
out economizers,  and  that  in  the  introduc- 
tion of  mechanical  draft  the  economizers  are 
installed  as  incidental  thereto. 

Viewed  in  the  light  of  the  resultant  econ- 
omy, we  may  therefore  consider  that  this 
added  expense  is  the  difference  between  the 
cost  of  the  chimney  and  dampers  and  that 
of  the  combined  mechanical-draft  apparatus 
and  economizers  with  settitigs.  This  ap- 
pears about  as  follows: 

Gost  of  mechanical-draft  apparatus S  4,700 

Cost  of  2  economizers  with  settings 12,500 

$17,200 

Cost  of  chimney,  with  dampers  and  damper 
regulators  10,600 

Extra  cost  above  chimney 6,600 

The  results  of  tests  of  nine  plants  of  this 
general  character  show  (as  reported  by 
Boney)  an  average  fuel  saving  of  nearly  15 
per  cent.  Suppose  that  we  accept  only  12 
per  cent  as  attainable  and  consider  that  we 
are  burning  coal  costing  $3.00  per  ton  and 
evaporating  11  pounds  of  water  from  and  at 
212®  per  pound  of  coal.  This  is  equivalent 
to  34.5  H-  11  =  3.14  pounds  of  coal  per 
boiler  horsepower.  Basing  our  calculations 
on  an  output  equal  to  the  rating  (2,400 
horsepower)  and  a  year's  operation  (312 
days  of  10  hours  each),  the  annual  fuel  cost 
would  be 

3.14  X  2,400  X  312  X 10  X  g"^  =  $35,268.48. 

If,  in  securing  this  result  by  the  introduction 
of  the  apparatus  specified,  a  saving  of  12  per 
cent,  has  been  made,  it  is  evident  that  the 
cost  of  fuel  would  otherwise  have  been 

*S^';S  =  ^''''■''- 

Hence,  annual  saving  would  be  40,077.82 

—  35,268.48  =  $4,809.34.    In  other  words, 

^  4,809.34X100  , 

the  saving  represents  -   -  ^  ^  —  =  nearly 

73  per  cent,  of  the  expense  fairly  chargeable 
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as  the  cofit  of  the  means  of  obtaining  it.    At 
this  rate,  the  apparatus  would  pay  for  itself  in 
6,600  ,  «^ 

Of  course,  there  should  be  chai^ged  against 
this  the  increased  fixed  charKes  due  to  more 
rapid  deterioration.  The  cost  of  operating 
the  £eui  ought  not  to  enter  as  a  factor  of  any 
importance  in  a  plant  where  the  exhaust  of 
the  fan  engine  can  be  utilized. 

The  preceding  is  presented  more  as  a  sug- 
gestion of  possibilities  than  as  representatiye 
of  exact  results  to  be  secured.  These,  of 
course,  will  vary  according  to  the  conditions. 


It  should,  however,  be  clearly  stated  and 
understood  that  the  efficiency  obtainable 
with  an  economizer  depends  on  the  temper- 
ature of  the  gases  leaving  the  boilers  and  on 
the  cost  of  the  fuel.  The  lower  the  temp^- 
ature  and  the  smaller  the  cost  of  the  Aiel, 
the  less  opportunity  there  will  be  for 
saving. 

It  is  evident,  however,  that  in  the  ordi- 
nary plant — where  the  size  warrants — ^the 
installation  of  mechanical  draft  in  connection 
with  some  suitable  device  for  heat  abstrac- 
tion opens  the  way  for  securing  increased 
quantitative  and  commercial  efficiency. 
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Permissible  Strbbs— The  pRiNapLES  for  a  Scale  of  Safe  Stresses — Likitb — Dead  and 
Live  Loads — Reversible  Loads — ^WOhlbr's  Ratios 


THERE  is  a  period  in  the  life  of  every 
young  machine  designer  when  he  feels 
utterly  wretched  and  helpless  and  hope- 
less. This  is  the  time  when  he  is  first  asked 
to  calculate  the  dimensions  of  the  various 
details  of  a  design  for  strength.  He  will  go 
at  it,  perhaps,  with  a  light  heart,  conscious 
of  his  knowledge  of  mechanics  of  materials, 
of  Hooke's  law  and  the  long  array  of 
formulas  derived  from  it  for  tensile,  com- 
pressive, bending,  shearing,  and  twisting 
stress.  However,  as  soon  as  he  starts  to 
apply  these  formulas  he  is  confronted  with 
the  question:  How  much  stress  can  I  allow 
for  the  various  materials?  Then  the  never- 
ending  hunt  begins  for  values  of  that  ever- 
lastingly recurring  symbol  Sy  the  permissible 
or  working  stress.  He  will  go  and  ask  his 
superior  that  question  and  feel  dejected  at 
receiving  the  evasive  answer:  ''That  de- 
pends on  circumstances,''  followed  by  an 
enumeration  of  some  of  the  circumstances, 
such  as  quality  of  material,  character  of  the 
load,  function  of  the  detail  part,  friction, 
wear,  influence  of  temperature,  cost  of  mate- 
rial, cost  of  manuikcture,  facility  of  trans- 
portation, of  erection,  and — ^many  others. 
The  querist  pauses.  Realizing  that  there  is 
no  short  answer  to  his  question,  he  must 
needs  be  content  to  ask  for  the  lesser 
information,  pointing  to  the  details  under 
immediate  consideration:  ''How  much 
stress  would  you  allow  for  these  pieces?" 


The  answer,  though  given  promptly  enough, 
may  vary  between  large  limits  for  the  same 
material  and  the  different  pieces,  according 
to  what  use  they  are  put.  The  mystery  of 
the  thing,  for  such  it  seems  and  such  it 
remains  for  many  all  their  lives,  is  deepened 
when  one  consults  the  authorities  and  finds 
that  hardly  two  of  them  agree  on  the  subject 
of  working  stresses.  As  a  matter  of  fact, 
permissible  stresses  are  largely  dictated  by 
experience,  and  no  definite  rules  can  be 
given.  Tbis  is  disheartening  and  apparently 
makes  our  splendid  formulas  of  dubious 
value  and  their  application  mere  guesswork 
after  all,  as  each  of  them  contains  an  element 
that  must  be  guessed  at— the  S  of  practical 
experience.  The  non-mathematical  prac- 
tical man  is  wont  to  advance  this  as  an 
argument,  and  guessing,  with  thumb  on  the 
foot  rule,  at  the  whole  thing  at  once,  thus 
eliminating  the  necessity  of  calculation, 
claims  to  be  one  peg  ahead  of  us. 

This  state  of  affairs  is,  however,  not 
altogether  so  bad  as  it  looks,  for,  fortunately, 
for  many  years  busy  workers  have  been  col- 
lecting data  and  sifting  and  arranging  them, 
thus  establishing  a  fairly  firm  ground  for  the 
designer  to  stand  on,  which  ground  is  grow- 
ing more  stable  every  day,  thanks  to  the  fast- 
increasing  hearty  cooperation  of  the  men  of 
science  and  the  men  of  practice.  Neverthe- 
less, the  mass  of  information  that  really 
exists  on  the  subject  of  permissible  stresse 
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ifl  widely  scatteredi  and  one  seldom  finds  in 
engineering  pocketbooks  and  manuals  such 
systematic  arrangement  of  the  matter  as  will 
be  of  immediate  use  to  the  beginner  in 
macliine  design.  With  a  view  of  furnishing 
some  such  immediately  useful  data,  we  shall 
outline  in  the  following  the  principles  upon 
which  a  collection  of  useful  data  should  be 
arranged.  These  principles  (although  at 
present  there  are  no  laws  absolutely  goyem- 
ing  this  matter)  serve  to  establish,  with  a 
high  degree  of  certainty,  standards  for  work- 
ing stresses. 

Evidently,  the  first  requirement  is  as  per- 
fect a  knowledge  of  the  physical  properties 
of  the  materials  as  can  be  obtained.  Of 
information  of  this  kind  there  is  no  scarcity, 
thanks  to  the  great  number  of  physical  test- 
ing laboratories  maintained  in  all  civilized 
countries.  The  particular  property  of  a 
material  that  comes  into  play  for  the  estab- 
lishment of  standard  working  stresses  is  that 
one  by  virtue  of  which  a  body  made  of  such 
material  undergoes  certain  deformations 
under  the  influence  of  external  forces.  Evi- 
dently, the  extent  of  these  deformations  will 
primarily  depend  on  the  magnitude  of  the 
external  forces,  and  the  latter  becoming 
laige  enough  will  result  finally  in  rupture  of 
the  body,  the  resistance  of  the  body  by  the 
cohesion  of  its  molecules  becoming  lees  than 
the  external  forces.  It  is  well  known  that 
the  deformation  undergone  by  a  body  under 
load  is  of  a  twofold  character.*  A  portion 
of  it  will  disappear  on  the  removal  of  the 
load,  the  rest  will  remain,  and  the  body  will 
recover  its  original  shape  more  or  less.  This 
power  of  recovery  from  deformation  is  called 
ddtticUyt  and  is  a  property  possessed  by  the 
various  materials  in  a  greater  or  lesser  degree, 
according  to  the  ratio  between  the  part 
of  the  deformation  that  disappears  (the 
elastic  deformation)  and  the  part  that  re- 
mains (the  permanent  deformation).  This 
proportion  with  all  materials  is  found  to  be 
larger  under  small  loads  and  smaller  as  the 
loads  increase.  It  becomes  zero  when  the 
load  is  great  enough  to  produce  rupture. 
With  some  of  the  materials  used  by  the 
engineer— iron,  steel,  brass,  rolled  or  ham- 
mered copper,  and  timber— the  permanent 
deformation  is  insignificantly  small  up  to  a 
considerable  magnitude  of  the  load,  and  the 
elastic  deformation  proves  proportional  to 
the  load  within  this  limit,  which  is,  there- 
fore, appropriately  called  the  limit  ofpropor- 
Honcdity.    It  might,  with  equal  justification, 

*  See  '*  The  MeohAnio  Arts  Magaxine,"  May  and 
June,  1899,  article  entitled  *'  The  Testing  of  Steel." 


be  called  the  limit  of  elasticity,  but  as  this 
latter  term  is,  in  practical  testing,  often 
applied  to  the  yield  point  of  materials,  we 
prefer  the  other  term. 

The  statement  that  the  deformations  are 
proportional  to  the  loads,  and  consequently 
to  the  stresses  produced  in  the  mat^^  by 
the  loads,  is  known  as  Hooke's  law,  upon 
which  rests  the  whole  theory  of  me<^ianics 
of  material.  This  law  holds  good,  as  we 
have  seen,  only  within  the  limit  of  propor- 
tionality, so  that  beyond  that  limit,  and  with 
materials  that  have  no  limit  of  proportion- 
ality—for there  are  such— the  conclusions 
from  Hooke's  law  need  more  or  less  modifi- 
cation. Such  materials  are,  for  instance, 
cast  iron,  unrolled  or  unhammered  copper, 
lead,  leather,  etc 

Having  recalled  to  our  mind  the  behavior 
of  material  under  the  testing  machine,  we 
see  that  the  disintegration  of  the  molecules 
begins,  strictly  speaking,  at  the  very  com- 
mencement of  the  test,  and  is  made  dis- 
cernible and  measured  by  the  amount  of 
permanentdeformation  observed.  Evidently, 
the  elastic  deformation  does  not  in  any  way 
injure  the  material  in  the  least.  Thus,  at 
once,  it  appears  logical  that  if  the  material 
have  a  limit  of  proportionality,  the  limit 
up  to  which  no  appreciable  permanent 
deformation  is  observed  marks  the  real 
strength  of  the  material.  Safe  stresses 
should,  therefore,  always  lie  within  this 
limit.  Any  increase  of  stress  beyond  it  from 
whatsoever  cause  will  injure  the  material 
and  render  a  structure  made  from  it  unsafe. 
But  of  such  causes  there  are  many,  foreseen 
and  unforeseen,  and  we  dare  not  approach 
this  limit  of  load  too  closely — how  closely 
depends  on  the  load-increasing  causes  likely 
to  exist,  and  their  number,  nature,  and  eflTect 

Let  us  review  some  of  the  principal  ones. 
There  is,  first  of  all,  the  mode  of  application 
of  the  load.  Theoretical  mechanics  teach  us 
that  when  a  load  is  suddenly  applied  its 
effect  is  double  that  of  a  load  gradually 
applied.  To  avoid  misconception  as  to  what 
the  term  '' suddenly  applied  load''  implies, 
let  us  take  recourse  to  an  illustration. 
Imagine  a  stone  or  other  heavy  body  touch- 
ing but  not  resting  on  the  end  of  an  upright 
poet,  the  stone  being  supported  from  above 
by  a  rope.  The  load  on  the  beam  is  zero. 
The  moment  the  rope  is  cut  the  weight  rests 
on  the  beam,  and  now  the  following  action 
may  be  imagined  to  set  in :  The  weight  will 
first  produce  pressure  between  the  stone  and 
the  particles,  or  molecales,  at  the  surface  of 
the  post  end,  compressing  these  particles; 
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this  iirasBare  will  be  oommoiiicated  to  the 
particleB  just  below  the  surfitce  partideB, 
camprefleing  these  again,  to  which  end  the 
first  particles,  together  with  the  stone,  must 
trayel  a  distance  equal  to  that  compression; 
next,  the  pressure  is  commnnicated  to  a  third 
layer  of  particles,  compressing  these  again, 
and  the  stone,  together  with  the  first  and 
second  layers  of  particles,  must  move  a 
distance  equal  to  the  compression  of  the 
third  layer,  and  so  forth.  Although  the 
distances  trayeled  are  exceedingly  smkll, 
the  time  during  which  they  are  traveled  is 
exceedingly  small  also.  The  velocity  that  is 
acquired  by  the  mass  composed  of  the  stone 
and  various  layers  of  post  particles  may  be 
considerable  by  the  time  the  pressure  or 
stress  has  permeated  the  whole  post;  this 
velocity  makes  the  kinetic  energy  acquired 
likewise  considerable,  adding  its  effect  to 
that  of  the  original  weight;  the  total  effect 
is,  as  already  stated,  double  that  of  the 
weight  alone.  On  the  other  hand,  if  the  load 
were  put  on  the  end  of  the  post  in  the  form 
of  sand,  for  instance,  adding  a  few  grains  at' 
the  lapse  of  considerable  intervals  of  time, 
the  accumulations  of  kinetic  energy  would 
amount  to  nothing. 

Such  is  the  nature  of  a  gradually  applied 
load.  Neither  one  purely  exists  in  practice, 
but  it  is  safe  to  say  that  the  majority  of  dead 
loads  come  nearer  to  being  suddenly  applied 
loads  than  gradually  applied  ones  in  the 
above  sense,  and  we  may  lay  down  as  the 
first  principle  for  establishing  standards  of 
working  stresses  that  for  dead  loads  the  safe 
9tres8  shovld  not  exceed  one-ha^f  the  real  strength 
of  the  maieriaL 

Let  us  again  go  back  to  the  illustration  of 
the  stone  and  post.  Imagine  that  after  the 
permeation  of  the  stress  has  proceeded  as  far 
as  the  center  of  the  post,  the  stone  is  sud- 
denly snatched  up;  then  the  end-surface 
particles  of  the  post  are  relieved  from  stress, 
expand,  travel  up,  and  those  of  the  layer 
just  underneath  follow,  acquiring  and  accu- 
mulating energy.  All  the  while  the  accumu- 
lation of  energy  by  the  particles  beyond  the 
center  of  the  post  has  been  going  on  in 
the  other  direction.  It  can  thus  be  imagined 
that  there  will  be  a  moment  when  the  two 
opposite  effects  wiU  exert  a  combined  maxi- 
mum effect  on  some  layer  of  particles  within 
the  length  of  the  post,  which  effect  will  be 
greater  than  that  of  the  previous  case. 

Wdhler,  by  experiments  covering  a  period 
of  over  twelve  years,  has  shown  that  the 
strength  of  materials  under  loads  varjring 
continually  between  zero  and  maximum — 


so-called  live  loads— is  only  two-thirds  as 
great  as  that  under  dead  loads.  We  have 
then  the  second  principle  that  for  live  loads 
the  safe  stress  should  not  exceed  iXi  =  i  the 
real  strength  of  the  maierial. 

Once  more  we  will  revert  to  our  illustra- 
tion. Suppose  the  stone  to  be  substituted 
by  some  contrivance  by  which  the  post  may 
be  pressed  or  pushed  to  the  same  extent  as 
by  the  weight  of  the  stone;  now,  instead  of 
snatching  up  the  stone  and  thus  removing  it 
from  the  sphere  of  action  entirely,  suppose 
the  contrivance  is  such  that  a  pull  could  be 
exerted  on  the  end  of  the  poet  equal  to  the 
push  previously  applied.  In  this  case  the 
counteraction  spoken  of  in  the  last  case  is 
greatly  aggravated.  It  has  been  shown  by 
experiments  conducted  by  Wohler,  and 
others  after  him,  that  the  strength  of  mate- 
rials under  loads  changing  from  a  positive  to 
an  equal  negative  maximum  —  so-caUed 
reversible  load»— is  only  one-third  of  that  of 
material  under  dead  loads.  Thus,  we  may 
lay  down  the  third  principle,  that /or  reversir 
bU  loads  the  safe  stress  sJumld  not  exceed  iXi 
=  itlie  real  strength  of  the  malerial. 

The  three  principles  so  far  told  may  be 
laid  down  in  one,  as  follows:  The  working 
stresses  under  the  conditions  of  (1)  dead 
load;  (2)  live  load,  zero  to  maximum; 
(3)  reversible  load,  negative  to  equal  posi- 
tive maximum,  should  be  as  i  :  i  :  i  or  as 
3:2:1.  It  is  clear  that  intermediate  cases 
may  be  imagined  between  the  extreme  con- 
ditions (1),  (2),  (3).  Thus,  if  for  a  certain 
material  we  have  fixed  upon  a  value  of 
12,750  pounds  for  case  (1)  and  one  of  8,500 
for  (2),  we  would  choose  a  value  half  way 
between  the  two,  if  the  load  were  not  alto- 
gether a  dead  load,  neither  changing  between 
zero  and  maximum,  but  changing  between 
half  load  and  full  load. 

Other  causes  tending  to  increase  the  load 
as  originally  given  are  vibrations,  shocks, 
and  other  like  indeterminate  conditions,  and 
excessive  changes  of  temperature.  Others, 
again,  must  be  seen  in  neglect,  allowing  the 
structure  to  deteriorate  by  corrosion  or  rust 
For  all  these  contingencies  the  designer 
must  allow  a  smaller  permissible  stress, 
according  to  how  important  they  appear  to 
his  judgment  in  each  case;  nothing  but  data 
from  practical  experience  can  be  of  help  to 
him  in  such  cases. 

We  started  out  on  the  assumption  that 
the  limit  of  proportionality  of  deformation 
could  be  established  for  the  materials  in 
question.  We  have  not  mentioned  as  yet, 
however,  that  the  deformation  of  a  body,  or 
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more  eBpedally  of  a  particle  of  a  body, 
may  be  of  either  of  two  kinds.  Imagine  the 
particle  of  a  body  to  have  the  shape  of  a 
cabe;  then,  if  two  equal  and  opposite  forces 
press  against  or  poll  on  two  opposite  sur- 
faces of  this  cube,  they  will  shorten  or 
lengthen  it  and  the  deformation  is  one  of 
extension  or  compression  in  the  direction 
of  the  acting  forces,  and  for  all  such 
materials  that  show  a  distinct  limit  of  pro- 
portionality, extensions  and  compressions 
are  equal  under  equal  loads.  Incidentally 
we  observe  that  every  such  extension  or 
oompreeeion  is  accompanied  by  a  contrac- 
tion or  expansion,  respectively,  of  the 
material  at  right  angles  to  the  direction  of 
the  forces.  These  secondary  deformations, 
if  we  may  call  them  thus,  stand  to  the 
primary  ones  in  a  certain  ratio.* 
Again,  imagine  the  cubic  particle  to  be 


*  Compart  artiole  entitled, 
mentioned  elsewhere. 


'  The  Tetting  of  Steel/' 


acted  on  by  two  equal  and  opposite  forces 
lying  in  the  planes  of  two  opposite  surfaces 
of  the  cube,  then  there  must  first  of  all  be 
two  more  equal  and  opposite  forces  acting 
somewhere  to  keep  the  cube  in  equilibrium. 
Disregarding  the  latter  pair  for  the  present, 
the  former  one  will  change  the  shape  of  the 
particle  from  that  of  a  cube  to  that  of  a 
prism  with  quadratic  end  surfaces  on  which 
lie  the  acting  forces.  Two  of  the  other  four 
Bur&ces  become  rhombi.  There  has  then 
been  a  double  deformation:  in  the  direction 
of  the  short  diagonals  of  the  rhombi  there 
has  been  compression,  and  in  the  direction 
of  the  long  diagonals,  extension.  If  we 
imagine  the  second  pair  of  forces  to  lie  in 
the  two  remaining  surfiaces  of  the  cube,  they 
will  tend  to  produce  a  like  effect  By  a 
certain  theory,  the  double  deformation  of 
the  second  class  can  be  brought  into  con- 
nection with  the  secondary  deformation  of 
the  first  class,  which  ikct  la  a  most  valuable 


TABLES  FOR  PERMISSIBLE  STRESSES 
I.    Elabtic  Mbtalb 


MaterUl. 


I 


Tension,  Comprenion, 
Bending. 

1       I      2      '      8 


Wrought  iron '  26.000  I  12,700  ;    8,6Wi  !   4,200 

i    Bessemer  itmctaral...     82,000  16,000  I  10.600     5.800 

I    Machine  steel ,  86,000  ,  18,000  I  12,000  .   6,000 

Cmdble,  open  hearth  |  40,000  i  20,000     18,300  •   6,600 

;    Steel  castings  !  25,000  12.700!    8,500  <   4,200 

;    Copper,  hard  rolled,  ,             i  ,             ' 

hammered,  drawn  f  ;  16,000  8.000  <    5,800     2,600 

Brass,   hard   rolled,               '  I             ! 

drawn 16,000  8,000  1     5.800  |   2,600 

Phosphor  bronse,  ! 

alnmlnnm    bronse,  { 

and  similar  alloys,  ,  i 

cast 20,000  10,000       6,500  1    8,800 


1 


Shear. 


Torsion. 


8 


3 


10.000  I  6,800 

12,800  I  8.600 

14,400  9,600 

16,000  '  10,600  I 


10,000       6,800      8.400 


8,400    I      5,000  I     8.400  1,700 

4,200         8.600  .     6,000  i  2,800 

14,400  ,     9,600  .  4.800 

16,000      10,600  6,800 

10,000*     6.800*;  8,400* 

to  •      to     I     to 

5,000       8,400  1,800 


4,800 
5,800 


6,400       4,200 
6,400  '     4.200 


2.000  6,400  ,     4,200      2,000 

2.000  6,400  i     4,200  ,    2.000 


I      8.000*      6,400*; 
'       to  to     ' 


2.600* 

to      ' 


8,000       6,400      2.600     ,     4,000       8,200  ^    1,800 


11.    Cast  Iron 


Tension. 


Compres- 
sion. 


Bendln?. 


I    nS         1    I    2    I    8  1         2 


Ten-      4,200;  2,800, 1,400, 1 12,70Q|  8.500|  •  8,700  5,800, 2,900 

sfon  '         I  1         !  ' 

1  20,000  i 


.  Com- 
pres 
'    don 
112,000 


Machined. 
1       2    ; 


Raw. 


7.200  4,800 
6,000  4,000 


2,000  1 


pres- 

don   ! 


I  7,200  4,800  2.400 

J  6.000  4,000  2,00o{  5,000  3,40011,700 


Shear. 
3  1     I    2    I    3 

2,400   4,2002,800  1,400  I • 


Tordou. 


4.200 
8.400 


2.800  1,400 

2.200.1,100 

I 


6,000,4,000  2,000! 
1,6,800  4.500  2,200 


*The  smaller  values  are  recommended  when  precautions  for  absolute  uniformity  of  material  against  blow- 
holes, etc.  cannot  be  guaranteed. 

fThe  critical  temperature  of  hard-rolled,  etc.  copper  is  in  the  neighborhood  of  400°  V.  Above  this  temper- 
ature the  material  rapidly  decreases  in  strength. 
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one,  inaamach  as  deformationB  of  the  first 
daae  can  be  determined  by  test  with  a 
sufficient  degree  of  accuracy,  while  the  latter 
cannot.  These  are,  however,  such  as  occur 
in  bodies  under  shear  and  torsion,  while 
those  of  the  first  class  occur  in  bodies  under 
tension,  compression,  and  bending.  As  the 
deformations  again  are  within  the  limit  of 
proportionality,  proportional  to  the  stresses 
producing  them,  we  can  deduce  the  per- 
missible, working,  or  safe  shearing  or  tor- 
sional stress  from  the  permissible  tensile  or 
compressive  stress.  Theory  shows  the  ratio 
for theoonversion  tobe four-fifths,  very  nearly. 
Thus  we  would  have  for  the  safe  shearing 
stress  of  a  material  four-fifths  of  the  safe 
tensile  or  oompressiTe  stress  in  all  cases 
where  there  is  a  limit  of  proportionality. 

As  to  the  torsional  stress,  although  it  is 
nothing  more  than  shearing  stress,  it  must 
be  borne  in  mind  that  it  stands  to  shearing 
stress  proper  in  somewhat  similar  relation  as 
tensile  and  compressive  stress  stand  to  bend- 
ing stress;  that  is,  it  is  not  as  evenly  or  nearly 
as  evenly  distributed.  If  there  is  any  possi- 
bility of  the  material  not  being  homogeneous 
or  of  even  texture  in  all  directions,  its  resist- 
ance in  one  direction  against  torsional  stress 
may  not  be  as  great  as  in  another.  This  is 
the  ease  with  wrought  iron  obtained  by  the 
puddling  process — ^for  instance,  having  a 
more  or  less  fibrous  texture.  Likewise,  but 
not  to  such  a  marked  degree,  with  structural 


steel  as  it  comes  from  the  rolls.  The  more 
homogeneous  a  material,  the  more  nearly 
equal  the  safe  torsional  stress  may  be  made 
to  the  safe  shearing  stress.  For  distinctly 
fibrous  material  it  is  not  safe  to  allow  more 
than  one-half,  for  rolled  raw  material  not 
more  than  two-thirds. 

From  the  foregoing  principles  Table  I 
has  been  prepared  for  the  most  important 
metals  used  in  machine  building  that  have 
an  elastic  limit  Table  II  gives  the  permis- 
sible stresses  of  cast  iron,  the  most  important 
metal  in  the  group  of  materials  showing 
early  permanent  deformation.  It  is  based 
solely  on  data  firom  practical  experience.  It 
will  be  noticed  that  for  bending  and  torsion 
the  shape  of  the  piece  makes  considerable 
difference.  Timber  and  stone  enter  but 
little  into  machinery  proper  in  our  day,  for 
which  reason  we  deem  it  sufficient  in  this 
necessarily  limited  article  to  state  that  the 
average  permissible  stress  for  the  softer 
grades  of  timber  should  not  exceed  800 
pounds  per  square  inch  for  tension  and  com- 
pression; for  the  harder  and  tongher  grades 
1,500  pounds  for  tension  and  900  pounds  for 
compression.  Sandstone  will  be  safe  under  a 
compressive  stress  of  from  226  to  450  pounds, 
according  to  hardness.  Marble  will  safely 
stand  350  pounds.  Poor  brickwork  (ordi- 
nary mortar)  should  not  be  loaded  with  more 
than  100  pounds.  Brick  laid  in  cement  will 
safely  stand  170  to  200  pounds. 


THE  THREE  LAW^S  OF  MOTION 

By  the  "  Profe»»or" 


THE  fundamental  principles  of  the  rela- 
tions between  force  and  motion  were 
first  stated  by  Sir  Isaac  Newton,  and  in 
honor  of  the  discoverer,  they  are  called 
"Newton's  Three  Laws  of  Motion."    They 
are  as  follows: 

1.  All  bodies  continue  in  a  state  of  rest,  or 
of  uniform  motion,  in  a  straight  line,  unless 
acted  on  by  some  external  force  that  com- 
pels a  change. 

2.  Every  motion  or  change  of  motion  is 
proportional  to  the  acting  force,  and  takes 
place  in  the  direction  of  the  straight  line 
along  which  the  force  acts. 

3.  To  every  action  there  is  always  opposed 
an  equal  and  contrary  reaction. 

It  is  not  possible  to  actually  verify  the 


first  law  of  motion  by  direct  experiment,  on 
account  of  the  attraction  of  the  earth  for  all 
bodies;  but  from  astronomical  observations 
we  are  certain  that  the  law,  which  is  often 
called  the  law  of  inertia^  is  true.  From  the 
second  law  it  follows  that,  if  several  forces 
act  on  a  body,  their  final  effect  on  the  body 
will  be  in  proportion  to  their  magnitudes  and 
to  the  directions  in  which  they  act  This 
can  readily  be  verified  by  direct  experiment 
The  third  law  states  that  action  and  reaction 
are  equal  and  opposite.  A  man  cannot  lift 
himself  off  the  ground  by  his  boot  straps,  for 
the  reason  that  he  presses  downward  with 
the  same  force  that  he  pulls  upward;  the 
downward  reaction  equals  the  upward  action, 
and  is  opposite  to  it. 
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SERIES  INCANDESCENT  LAMPS  FOR 
STREET  LIGHTING 


R.  B.  Williamson 

Dbbcription  op  Circuit— Style  op  Lamps — ^The  Method  op  Regulation — Film  Cut-Out. 

Brackets — ^Rbgulatino  Devices 


IN  MANY  small  towns  it  is  desirable  to 
operate  incandescent  lamps  for  street 
illumination,  and  even  in  cities  they  are 
often  very  osefnl  for  lighting  oat-of-the-way 
places  that  do  not  require  an  arc  lamp. 
Incandescent  lamps  are,  however,  specially 
usefdl  in  small  towns  where  it  would,  not 
pay  to  put  in  a  separate  arc-light  outfit 
Most  of  these  incandescent  plants  are  oper- 
ated by  alternating  current,  either  at  1,000 
or  at  2,000  volts,  and  it  is  necessary  to  have 
some  system  for  street  lighting  that  may  be 
readily  adapted  to  such  voltages.  Of  course, 
the  lamps  might  be  operated  at  50  or  100 
volts  from  the  secondaries  of  transformers 
in  the  ordinary  way,  but  this  would  hardly 


Fio.  1 


be  practicable  for  street  lighting,  because  the 
lamps  are  so  widely  scattered  that  the  cost 
of  Uie  secondary  wires  would  prove  a  serious 
item.  The  method  generallv.  adopted  is, 
therefore,  to  use  a  special  kind  of  incandes- 
cent lamp,  and  operate  these  lamps  in  series 
directly  across  the  1,000-  or  2,000-volt  dy- 
namo, as  the  case  may  be.  This  method  is 
shown  in  outline  in  Fig.  1.  ^  is  the  alter- 
nator, generating,  say,  1,000  volts.  The 
lamps  used  for  ordinary  illumination,  such 
as  for  residences,  etc,  are  connected  through 
transformers,  as  shown  at  B.  The  street- 
lighting  circuit  consists  of  a  number  of 
incandescent  lamps  Z,  all  connected  in  series 
and^cut  in  across  the  mains  at  a,  6;  the  point 


b  may  be  at  the  station  or  on  the  line,  which- 
ever is  the  more  convenient.  In  order  that 
such  a  series  system  may  work  successfully, 
the  current  in  the  circuit  must  be  kept  at  a 
certain  value,  for  which  the  lamps  are 
designed.  It  is  also  evident  that  there  must 
be  a  sufficient  number  of  lamps  connected 
in  series  to  take  up  the  voltage  of  the  dy- 
namo. For  example,  if  each  lamp  required 
20  volts,  there  would  necessarily  be  50  lamps 
connected  in  the  circuit,  unless  some  outside 
device,  such  as  a  resistance  or  choking  coil, 
was  used  to  take  up  the  extra  voltage.  A 
very  common  arrangement  is  to  use  50  lamps 
on  a  circuit,  each  lamp  giving  about  20  or  25 
candlepower  and  requiring  a  current  of  3} 
amperes.  Lamps  giving  a 
higher  candlepower,  but 
using  the  same  current  with 
a  higher  voltage,  could  also 
be  run  on  the  same  circuit. 
A  current  of  3|  amperes 
seems  to  have  become  the 
ordinary  practice  for  such 
^  .  miTKiniirnrwir  circuits;  and,  in  order  tocarry 
~Tr,  this  comparatively  large  cur- 

jL-I  Lj9n?M&i     renty  the  lamps  used  for  this 
^— ^  purpose   have   short    thick 

filaments.  Sometimes  a  cur- 
rent of  5^  amperes  is  used, 
thus  allowing  the  use  of  a 
lower  voltage  per  lamp  and 
a  larger  number  of  lamps 
per  circuit.  The  lamps  of  higher  candle- 
power  would  have  longer  filaments,  but 
would  be  designed  for  the  same  current,  so 
that  they  could  be  operated  in  circuit  with 
lamps  of  lower  candlepower. 

Fig.  2  shows  the  type  of  lamp  with  thick 
filament  used  for  this  system  of  lighting.  It 
is  essential,  in  such  a  system,  that  the  cur- 
rent be  kept  uniform.  If  it  increases,  even 
slightly,  the  lamps  are  liable  to  be  dainaged; 
and  if,  on  the  other  hand,  it  drops  a  little 
below  the  normal  amount,  the  light  will  be 
very  poor.  It  is  clear,  then,  that  the  sim- 
ple sdieme  of  connections  shown  in  Fig.  1 
will  not  answer,  because  it  afibrds  no  means 
for  regulating  the  current    Provision  must 
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alBO  be  made  to  keep  the  dicoit  complete,  in 
case  one  or  more  of  the  lamps  should  bom 
out,  otherwise  all  the  lamps  on  the  circuit 
would  be  put  out. 

In  order  to  keep  the  current  at  the  same 
value,  a  few  additional  lamps  are  mounted 
on  the  switchboard 
in  the  station,  and 
are  arranged  with  a 
point  switch  so  that 
they  may  be  cut 
into  or  out  of  the 
circuit  at  wiU.  In 
case  a  light  on  the 
circuit  happens  to 
go  out,  one  of  these 
reserve  lamps  may 
be  cut  in  to  take 
its  place,  thus  keep- 
ing the  resistance 
of  the  circuit  con- 
stant, and  with  it 
the  current.  In 
order  to  tell  when 
the  current  is  at  its 
proper  value,  an 
ammeter  is  inserted 
in  the  drcuit,  and  when  the  current  is  at 
just  the  right  amount,  the  pointer  stands  at 
a  mark  about  the  middle  of  the  scale;  if 
one  or  more  lamps  go  out,  it  moves  past 
the  point,  and  the  station  man  cuts  in  lights 
till  it  comes  back  again. 

Fig.  3  shows  the  general  arrangement  of 
one  of  these  lamp  boards,  which  are  made  to 
acoonmiodate  different  numbers  of  lamps, 
depending  on  the  number  of  lights  run  on 
the  circuit.  In  this  case  six  lamps  /  are 
shown;  a  is  the  ammeter  and  «  the  switch 
f(»-  cutting  the  lamps  in  or  out.  Cut-outs 
are  placed  across  the  switch  contact  points, 
in  order  to  allow  lamps  on  the  board  to  be 
removed  or  changed  without  breaking  the 
circuit.  These  cut-outs  are  not  shown  in 
the  figure,  as  they  would  only  tend  to  con- 
jRise  it,  but  they  work  in  the  same  way  as 
those  to  be  described  later  in  connection 
with  the  lamps.  These  lamp  boards  differ 
slightly  as  to  details,  but  Fig.  3  will  give  ^ 
general  idea  as  to  the  necessary  parts, 
together  with  their  arrangement  and  method 
of  operation.  It  is  necessary  to  have  one  of 
these  controlling  lamp  boards  for  each  series 
circuit  operated,  and  in  case  there  are  not 
enough  lamps  on  the  circuit  to  take  up  the 
voltage  of  the  machine,  additional  ones  must 
be  lued  on  the  board  to  make  up  the 
difference.  This  method  is  very  wasteful, 
but  nevertheless  it  has  i  been  largely  used 


in   the   past  and   la   still   used   in   many 
places. 

Mention  has  already  been  made  of  the 
necessity  of  keeping  the  circuit  unbroken  in 
case  a  lamp  should  bum  out.  A  number  of 
different  arrangements  have  been  used  to 
accomplish  this.  One  method  is  to  use  a 
small  kicking  coil  mounted  in  the  iron  base 
to  which  the  lamp  bracket  is  attached,  and 
connected  across  the  terminals  of  the  low- 
voltage  lamp.  In  case  the  lamp  breaks,  the 
impedance  or  kicking  coil  takes  its  place; 
but  while  the  lamp  is  in  operation,  only  a 
small  current  passes  through  the  choke  coil. 
The  most  common  method,  however,  is  to 
use  what  is  known  as  a  film  cut-out  on  each 
lamp.  The  action  of  a  cut-out  of  this  kind 
will  be  understood  by  referring  to  Fig.  2, 
where    the    lamp   represents   one  of  the 
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series  connected  across  a  1,000- volt  alter- 
nator. To  the  terminals  of  the  lamp  are 
attached  two  springs  a,  a^,  which  are  held 
apart  by  a  thin  piece  of  paper  b.  As  long 
as  the  lamp  is  burning  properly,  the  dif- 
ference of  potential  between  its  terminals 
is,  say,  about  20  volts.  As  soon,  however, 
as  the  filament  breaks  the  current  ceases- 
flowing  for  an  instant,  and  the  result  is  that. 
the  pressure  between  a  and  a^  instantly 
rises  to  that   generated    by  the   dynamo,. 
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because  the  drop  in  pressure  through  the 
cu'cuit  becomes  zero  as  soon  as  the  current 
ceases  flowing.  The  film  of  paper  is  capable 
of  withstanding  the  20  volts  necessary  to 
operate  the  lamp;  but,  as  soon  as  the  pres- 
sure rises  to  that  of  the  alternator,  it  is  at 
once  punctured,  thus  com- 
pleting the  circuit  around 
the  lamp  by  means  of  springs 
a,  a^.  In  practice,  there  is 
but  one  contact  spring,  and 
this  is  mounted  on  the  base 
of  the  lamp,  the  paper  film 
being  held  between  this 
spring  and  the  other  base 
terminal.  Fig.  4  shows  an  end  view  of  a 
lamp  base  with  the  paper  film  b  in  place 
under  the  spring  clip.  In  some  cases  the 
film  cut-out  is  placed  in  the  lamp  socket, 
but  this  is  seldom  done  with  street  lamps, 
because  the  socket  would  be  hard  to  get  at 
to  renew  the  film. 

Lamps  operated  on  this  system  are  usually 
mounted  on  iron  brackets,  as  shown  in 
Fig.  5.  It  was  formerly  the  custom  to  bring 
the  lead  wires  out  from  the  pole  through  the 
gas-pipe  arm,  but  it  is  better  to  bring  them 
down  to  a  small  cross-arm,  as  shown,  and 
carry  them  into  the  fixture  just  above  the 
hood.  This  does  away  largely  with  the 
danger  of  the  wires  becoming  grounded  in 
the  pipe.  It  pays  to  put  these  fixtures  up 
well;  they  are  not  expensive,  and  there  is  no 
excuse  for  cheap  flimsy  work  on  lighting 
circuits  of  this  character.  Only  the  best 
style  of  lamp  socket  should  be  used,  and  care 
should  be  taken  to  see  that  everything  about 
the  wiring  of  the  brackets  is  perfectly  insu- 
lated. The  fact  that  a  system  of  this  kind 
is  connected  directly  to  a  high-tension  alter- 
nator should  never  be  lost  sight  of,  and  all 
the  line  work  should  be  as  carefully  carried 
out  as  if  it  were  for  the  primary  mains  used 
to  feed  the  transformers.  These  brackets,  or 
goosenecks,  are  nearly  always  fitted  with  a 
water-tight  hood  and  enameled  reflector,  as 
shown  in  Fig.  5.  Sometimes,  to  protect  it 
from  dirt  and  injury,  the  lamp  is  shielded 
by  an  outer  globe;  but  in  many  cases  the 
lamps  are  operated  without  this  precaution, 
since  the  outer  globe  always  cuts  off  more  or 
less  light. 
The  series  incandescent  system  just  out- 


lined is  one  that  has  been  used  very  largely, 
and  has  been  found  of  great  use  for  street 
illumination  from  alternating  plants.  It 
requires  little  or  no  outlay  in  additional 
plant  appliances,  and  it  requires  no  trans- 
formers for  its  operation.  The  line  work  is 
the  simplest  that  can  be  devised,  and  it  is 
therefore  little  to  be  wondered  at  that  the 
series  alternating  incandescent  system  has 
found  a  wide  field  of  usefulness.  The  appa- 
ratus that  has  been  described  in  this  con- 
nection has,  however,  some  defects.  The 
use  of  lamps  as  a  resistance  in  the  station 
is,  to  say  the  least,  extravagant,  especially 
when  it  is  remembered  that  these  lamps  are 
burned  up  to  their  full  candlepower.  Not 
only  are  they  wasteful  in  that  they  consume 
power,  but  the  lamps  are,  in  themselves,  an 
expensive  form  of  resistance.  The  arrange- 
ment has  been  given  because  it  has  been 
installed,  and  is  still  used,  in  a  large  number 
of  stations;  and  at  least  this  much  can  be 
said  for  this  method  of  regulation:  its  first 
cost  is  low,  even  if  it  does  waste  power  while 
it  is  in  use,  and  moreover  it  is  so  extremely 
simple  that  it  is  certainly  reliable.  This 
method  of  operation  was  put  largely  into 
use  by  The  Thomson-Houston  Company,  and 
The  Westinghouse  Company  also  installed  a 
similar  system,  using  kicking  coils  instead 
of  the  film  cut-outs  in  connection  with 
the  lamps.  During  later  years,  regulating 
arrangements  have  been  brought  out  that 
accomplish  the 
governing  of  the 
system  without 
the  use  of  aux- 
iliary lamps  and 
also  with  very 
little  waste  of 
power.  More- 
over, these  later 
regulating  de- 
vices allow  a  large 
variation  in  the 
voltage  applied  to  the  circuit,  so  that  it  is 
possible  to  operate  circuits  that  are  equipped 
with  a  number  of  lamps  diflering  consider- 
ably from  that  which  the  machine  would 
ordinarily  operate.  A  deucription  of  one  of 
the  latest  of  these  regulating  boards  will 
be  given  in  a  subsequent  issue  of  this 
magazine. 
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THE  FLOAT'ING  VALVE  GEAR 

J.  A.  Grening 

Definition    of   Fix)atino   Valve  Gear — Its  Application    to   Steam    Revebsino    Gear. 

Two  Types  of  Steering  Engines 


IF  A  stationary  engineer,  accostomed  to 
the  ordinary  stationary  steam-plant 
practice,  were  to  visit  the  engine  room 
and  fireroom  of  a  modem  up-to-date  steam- 
ship, he  would,  if  he  poasessed,  as  he  should, 
''eyes  that  can  see,"  observe  many  things 
differing  quite  a  little  from  established  prac- 
tice in  stationary  engineering.  While  it 
cannot  truthfully  be 
said  that  the  points  of 
difference  are  always 
in  favor  of  the  marine 
practice,  and  could 
and  should  with  ad- 
vantage be  adopted 
in  stationary  engineer- 
ing, a  technically  edu- 
cated visitor  will,  if 
he  is  at  all  observant, 
be  fieivorably  impressed 
with  the  care  be- 
stowed by  the  designer 
of  the  power  plant  of 
a  steamship  on  details 
that  facilitate  the 
handling  and  mainte- 
nance of  the  machin- 
ery aboard  ship,  and 
will  probably  wish 
that  the  designer  of 
the  ordinary  steam 
plant  ashore  would 
use  an  equal  amount 
of  care.  He  will  also 
find  many  devices  that 
are  never  heard  of  in 
stationary  work,  such 
as  evaporators  for 
making  fresh  water 
for  the  boilers;  dis- 
tillers for  making  the 
fresh  water  made  by 
the  evaporator  fit  for 
drinking  purposes;  an  engine  for  turning 
the  main  engines  when  overhauling  them  in 
port;  perhaps  he  may  even  find  a  hydro- 
pneumatic  ash  ejector  that  removes  the 
ashes  from  the  fireroom  with  a  minimum 
of  labor  on  the  part  of  the  attendant.  Walk- 
ing around  the  engines  he  will  find  that, 
if  they  are  at  all  larjire,  they  are  supplied 
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with  steam  reversing  gear,  and,  should  he 
be  fortunate  enough  to  be  in  the  engine 
room  on  sailing  day,  and  shortly  before 
the  appointed  sailing  time,  he  would  marvel 
at  the  ease  with  which  the  engineer  on 
watch  is  moving  the  ponderous  links  back 
and  forth  while  warming  up  the  engines. 
He  sees  the  engineer  move  with  one  hand, 
with  the  greatest  ease, 
a  lever  looking  small 
in  comparison,  and 
sees  the  links  follow 
the  motion  of  the 
lever,  stopping  when 
the  lever  stops  and 
reversing  when  the 
motion  of  the  lever 
is  reversed.  Watching 
them  closely,  he  will 
see  that  they  move 
rapidly  when  the  lever 
is  moved  rapidly,  and, 
conversely,  they  will 
move  slowly  when  the 
reverse  lever  is  moved 
slowly.  Now,  let  the 
stationary  engineer 
become  a  cabin  pas- 
senger, and  let  him 
gaze  into  the  pilot 
house  while  at  sea. 
He  will  see  the  quar- 
termaster at  the  steer- 
ing wheel,  which  is 
a  comparatively  small 
looking  affair.  As  the 
quartermaster  rotates 
his  little  wheel  with 
no  apparent  effort,  the 
passenger  will  notice 
the  big  ship  swinging 
to  port  or  starboard, 
according  to  the  way 
the  steering  wheel  is  turned.  Now  let 
the  passenger  repair  to  the  main  deck. 
Right  below  the  pilot  house  he  will  find  an 
engine  of  peculiar  construction,  connected  to 
the  wheel  in  the  pilot  house.  He  will  notice 
that  the  steering  engine  commences  to  turn 
as  soon  as  the  quartermaster  turns  the 
wheel;  he  will  see  it  stop  when  the  steering 
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wheel  stops,  and  turn  in  an  opposite  direc- 
tion as  soon  as  the  steering  wheel  is  rotated 
opposite  to  its  former  direction  of  rotation. 
As  this  is  entirely  due  to  the  peculiar  con- 
struction of  the  valve  gear,  a  construction 


Fig.  2 

very  little  known  outside  of  marine  work,  it 
is  believed  that  a  description  of  it  will  prove 
of  interest  to  steam  engineers. 

The  valve  gear  employed  on  steering 
engines  and  steam  reversing  engines  belongs 
to  a  class  known  technically  as  a  floating 
valvf  gear.  Broadly  speaking,  a  floating  valve 
gear  is  a  gear  so  constructed  that  the  motion 
of  some  part  of  the  engine,  induced  by  a 
displacement  of  the  valve  by  means  indepeiid- 
ent  of  the  engine,  will  automatically  return 
the  valve  itself  to  its  original  position  and 
thus  stop  the  engine. 

As  a  matter  of  course,  there  are  many 
combinations  of  the  elements  of  machines 
that  may  be  devised  to  accomplish  this  object, 
but  only  some  of  those  in  most  common  use 
aboard  ship  will  be  given  here;  and  as  a 
study  of  them  will  serve  as  food  for  thought 
and  perhaps  reveal  uses  to  which  they  may 


be  put  with  advantage  in  work  ashore,  the 
object  of  this  article  wiU  have  been  accom- 
plished. 

In  Fig.  1  the  steam  reversing  gear  of  a 
vertical  inverted  marine  engine  is  shown. 
In  the  illustration,  A  repre- 
sents one  of  the  columns,  on 
top  of  which  the  cylinders 
are  carried.  The  links  (the 
engine  having  link  motion) 
are  connected  to  crank-arms 
I  keyed  to  the  rocker-shafts, 
there  being  one  crank-arm 
for  each  link.  By  rotating 
the  rocker-shaft,  the  links 
may  be  placed  in  any  posi- 
tion from  f\iU  gear  ahead  to 
fiill  gear  astern.  To  allow 
the  cut-off  in  each  cylinder 
to  be  adjusted  independ- 
ently, the  reach  rod  k  is 
pivoted  to  a  block,  which 
may  be  moved  along  the 
slot  in  the  upper  end  of 
the  crank-arms,  and  clamped 
in  any  position.  Another 
crank-arm  a  is  also  keyed  to 
the  rocker-shaft,  and  con- 
nected to  the  crosshead  of  a 
steam  ram  by  the  rod  6. 
This  steam  ram  is  simply 
an  ordinary  steam  cylinder 
fitted  with  a  piston  and 
supplied  with  an  ordinary 
D  slide  valve  practically 
without  lap.  The  guide  bar 
c  guides  the  crosshead  in  a 
straight  line,  and  the  brack- 
ets carrying  the  guide  bar 
limit  the  travel  of  the  piston.  The  reverse 
lever  d  is  pivoted  to  the  center  of  a  quadrant, 
and  can  be  clamped  to  the  circumference  of 
it  in  any  position  between  its  two  extreme 
positions.  The  reverse  lever  is  connected  by 
the  rod  e  to  the  floating  lever  g,  which  is 
hinged  at  one  end  to  the  valve  stem,  and 
at  the  other  end,  that  is,  at  h,  to  the  rod  /, 
which  in  turn  is  hinged  to  a. 

Whenever  the  reverse  lever  d  is  at  rest  and 
steam  is  turned  on  the  valve  chest  of  the  ram , 
the  piston  and  the  rest  of  the  gear  is  in  a  posi- 
tion depending  only  on  the  position  of  the 
reverse  lever.  In  Fig.  1(a)  the  gear  is  shown 
in  the  position  occupied  when  the  links  are  in 
mid-gear.  Now  let  the  lever  d  be  moved  a 
short  distance  in  the  direction  of  the  arrow. 
Then,  the  ram  being  stationary  at  first,  the 
floating  lever  g  turns  around  /i  as  a  fhlcrum, 
being  forced   to  do  so  by  the  downward 
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movement  of  e.  This  downward  movement 
depreasee  the  slide  valve  and  opens  the  upper 
steam  port,  putting  the  lower  steam  port  in 
commanication  with  the  central  port,  which 
serves  as  the  exhaust  port  Steam  being 
admitted  to  the  upper  side  of  the  piston,  it 
descends,  carrying  with  it  the  crank-arm  a, 
and  also  the  crank-arms  /.  The  rod/  being 
attached  to  a  and  the  reverse  lever  being  at 
rest,  the  downward  motion  of  a  causes  the 
floating  lever  to  swing  about  i  as  a  fulcrum, 
thus  moving  the  valve  in  a  reverse  direction 
from  that  in  which  it  was  moved  originally. 
This  closes  the  upper  steam  port  and  stops 
the  motion  of  the  ram.    The  valve  is  always 


ram  remained  stationary,  any  continuation 
of  the  movement  of  the  lever  would  simply 
force  the  valve  farther  downward.  But  the 
downward  motion  of  the  ram  causes  an 
upward  motion  of  the  valve,  and  as  a  con- 
sequence of  the  combination  of  these  two 
opposite  movements,  the  valve  itself  practi- 
cally remains  at  rest,  and  also  remains  open. 
But  as  soon  as  the  motion  of  the  reverse 
lever  is  stopped,  the  onward  motion  of  the 
piston  immediately  closes  the  upper  steam 
port.  Any  reverse  motion  of  the  reverse 
lever  causes  an  opening  of  the  opposite 
steam  port,  and  consequent  motion  of  the 
piston  in  an  opposite  direction. 
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in  its  mid-position  when  steam  is  turned  on 
and  the  reverse  lever  is  at  rest,  for  as  soon  as 
the  lever  is  brought  to  rest  the  onward 
movement  of  the  piston  returns  the  valve  to 
its  original  or  mid-position. 

So  far  we  have  investigated  the  gear  on  the 
assumption  that  the  reverse  lever  was  moved 
jntt  a  little  distance  and  then  stopped.  Now, 
let  us  see  what  will  happen  if  we  move  the 
reverse  lever  slowly  toward  its  lowest  posi- 
tion, as  shown  in  Fig.  1  (6).  In  the  same 
manner  as  before,  the  first  movement  of  the 
lever  opens  the  upper  steam  port,  and  if  the 


While  steam  is  turned  on,  it  is  not  pos- 
sible for  the  piston  to  creep  to  any  extent 
under  the  influence  of  the  vibration  of  the 
engine  or  a  leaky  valve.  The  links  being 
in  the  desired  position,  the  reverse  lever  is 
clamped  to  the  quadrant,  say  in  the  position 
shown  in  Fig.  1(6).  Now,  suppose  that  due 
to  some  cause  the  piston  conmiences  to  creep 
upward.  As  soon  as  it  commences  to  move, 
the  rod/  also  moves  upward  and  swings  the 
lever  g  around  t,  thus  depressing  the  valve 
and  opening  the  upper  steam  port  slightly. 
Live  steam  flowing  in  through  the  upper 
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steam  port  immediately  returns  the  piston 
to  its  original  position.  Should  the  piston 
creep  in  the  opposite  direction,  it  will  like- 
wise be  returned  automatically.  Sometimes 
a  clamping  screw  is  provided  for  clamping 
the  crosshead  to  the  guide  bar,  thus  obvia- 
ting the  necessity  of  keeping  steam  turned 
on  to  prevent  creeping. 

A  somewhat  different  arrangement  of  a 
floating  valve  gear  as  applied  to  a  steam  ram 
used  for  reversing  a  marine  engine  fitted 
with  a  so-called  radial  valve  gear,  is  shown 
in  Fig.  2.  The  floating  lever  g  is  here  con- 
nected to  the  crosshead  at  h.  The  rod  /  is 
hinged  at  h  to  the  floating  lever,  and  con- 
nects it  with  the  valve  stem.  The  rod  e  is 
hinged  at  i  to  the  floating  lever,  and  con- 
nects it  with  the  reverse  lever  d.  With  the 
valve  gear  of  the 
main  engine  in  full 
gear,  the  ram  is  in 
the  position  shown 
in  Fig.  2  (a).  I^t 
the  reverse  lever 
be  moved  in  the 
direction  of  the  ar- 
row. Then,  the 
piston  being  sta- 
tionary, the  float- 
ing lever  swings 
around    k    as   a 


fc     3tarboaref  ^ 
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It  is  seen  that  while  the  parts  of  the  floating 
gear  have  assumed  an  entirely  different  posi- 
tion than  they  occupied  in  Fig.  2  (a),  the 
valve  position  is  the  same.  Should  the  pis- 
ton creep  in  either  direction,  the  valve  gear 
will  automatically  return  it  to  its  proper 
position.  To  prevent  shocks  due  to  a  sud- 
den movement  of  the  reverse  lever,  buffer 
springs  /,  /  are  sometimes  provided,  which 
gradually  bring  the  moving  parts  to  rest. 

In  both  gears  shown,  suitable  stops  in 
the  valve  chest  prevent  the  valve  from  being 
moved  beyond  the  positions  required  for  a 
full  opening  of  the  ports. 

An  entirely  different  floating  valve  gear 
is  that  shown  in  Fig.  3.  This  gear  was 
designed  and  patented  by  Mr.  Walter  MiUer, 
and  is  used  in  the  Globe  steam  steering 
engine  for  controlling  the  engines.  Referring 
to  the  figure,  /  is  a  vertical  shaft  leading  to 
the  pUot  house  and  connected  by  bevel 
gears  to  the  steering  wheel.  This  shaft 
carries  an  internally  threaded  sleeve  9, 
which  is  free  to  move  along  the  shaft,  but 
forced  to  rotate  with  it  by  the  feather  h. 
The  sleeve  is  screwed  over  the  so-called 
hunting  screw  0,  which  is  loose  on  the  shaft 
and  confined  vertically  by  the  bearing  p,  in 
which  it  is  free  to  turn.  The  lower  jMirt  of 
the  hunting  screw  forms  a  bevel  gear  mesh- 
ing with  another  bevel  gear  keyed  to  the 
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fulcrum,  and  the  valve  is  forced  to  the 
left.  This  valve  is  an  indirect  valve,  that 
is,  it  takes  steam  at  the  center  and  exhausts 
past  its  outside  edges— just  the  reverse  of  the 
ordinary  D  slide  valve.  Then,  the  valve 
moving  to  the  left,  steam  flows  through  the 
left  steam  port  and  forces  the  piston  to  the 
right.  The  lower  end  of  the  floating  lever 
moving  with  the  crosshead,  it  tends  to  swing 
around  \  and  thus  return  the  valve  to  its 
mid-position.  Naturally,  the  left  steam  port 
can  only  be  kept  open  by  keeping  the  reverse 
lever  in  motion  in  the  direction  of  the  arrow, 
for,  as  soon  as  its  motion  is  arrested,  the 
onward  motion  of  the  piston  will  almost 
immediately  return  the  valve  and  thus  stop 
the  ram.  In  Fig.  2  (6)  the  parts  of  the 
reversing  gear  are  shown  in  mid-position. 


drum  shaft  t.  This  drum  shaft  carries  the 
drum  d,  around  which  the  tiller  rope  is 
wound;  it  also  carries  the  gear-wheel  c 
meshing  with  a  pinion  6  on  the  crank-shaft 
<x,  A  pair  of  engines  at  right  angles  to  each 
other  are  coupled  to  the  crank  a'.  The 
upper  part  of  the  sleeve  g  is  grooved  to 
receive  the  yoke  /,  which  carries  a  stud  on 
each  side;  the  studs  engage  one  arm  of  a 
pair  of  bell-cranks  j.  Owing  to  the  view 
taken,  only  one  of  these  bell-cranks  is  shown. 
The  bell-cranks  j  are  connected  to  two  bell- 
cranks  k  by  a  rod  7/1  placed  between  them. 
The  valve  stem  n  is  hinged  to  the  two  bell- 
cranks  k.  At  its  lower  end  it  carries  the 
so-called  change  valve  Z,  by  means  of  which 
steam  may  be  admitted  to  either  one  of  the 
steam  ports  «  and  r  leading  to  both  engines. 
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The  ezhauat  passage  i  connects  with  the 
engines  only  through  the  valve  L 

Let  the  shaft/  be  turned  in  the  direction 
of  the  arrow.  Then,  the  engines  being  at 
rest,  the  drum  and  also  the  hunting  screw 
are  at  rest.  As  a  consequence  of  this,  the 
rotation  of  /  causes  the  sleeve  g  to  screw 
down  over  o.  The  rod  m  moves  to  th^  left, 
the  valve  stem  n  and  the  valve  /  move  up, 
and  hence  steam  passes  through  r  to  the 
engines.  At  the  same  time  the  port  «  is 
placed  in  communication  with  the  exhaust 
passage  /.  The  engines  now  commence  to 
tarn,  thus  revolving  the  drum  and  also  the 
hunting  screw.  Their  direction  of  rotation 
is  such  that  the  hunting  screw  revolves  in 
the  same  dir^ion  in  which  the  shaft/  was 
tamed.  Hence,  the  sleeve  g  moves  upward 
again  toward  its  original  position,  thus 
returning  the  valve  to  its  mid-position  and 
stopping  the  engines.  The  engines  can  only 
be  kept  in  motion  by  turning  the  vertical 
shaft/,  for  as  soon  as  its  rotation  is  arrested 
the  continued  turning  of  the  drum  shuts  the 
steam  off  the  engines. 

If  the  shaft  /  is  turned  in  an  opposite 
direction,  the  sleeve  g  will  move  up;  the 
valve  /  will  then  be  forced  down  and  open 
the  steam  port  «,  at  the  same  time  placing 
the  steam  port  r  in  communication  with  the 
exhaust  passage  i.  When  steam  Hows 
through  «  the  engines  will  run  in  a  reverse 
direction  from  that  in  which  they  run  when 
steam  flows  through  r.  The  opening  of  the 
port  s  starts  the  engines  and  rotates  the 
drum,  which  in  turn  rotates  the  hunting 
screw  in  the  same  direction  in  which  the 
vertical  shaft  was  revolved,  thus  returning 
the  sleeve  ^  to  its  original  position,  which 
stops  the  engines. 

A  fourth  design  of  a  floating  valve  gear  is 
that  employed  in  the  Cincinnati  steam 
steering  engine,  made  and  patented  by 
Crawley  &  Johnston.  This  gear  is  shown  in 
Fig.  4  in  perspective,  chiefly  in  diagrammatic 
form.  Referring  to  the  figure,  i^and  G  are 
two  single-acting  steam  rams;  that  is,  steam 
is  only  admitted  to  one  side  of  the  piston — 
the  after  side  in  this  case.  The  piston 
rods  r.  Tare  connected  at  the  forward  end 
to  the  tiller  ropes  and  at  the  after  end  to 
chains  that  pass  around  the  sheaves  R,  R, 


and  are  then  fastened  to  the  tiller  M.  The 
tiller  roi>es  pass  around  the  drum  of  the 
steering  wheel.  A  horizontal  shaft  E  is 
placed  at  a  right  angle  to,  and  slightly 
above,  the  tiller  ropes.  It  carries  two  crank- 
arms  A  and  B  that  have  rollers  on  their 
free  ends;  these  rollers  rest  on  the  tiller 
ropes.  Four  sheaves  N  are  placed  dose 
to  the  crank-arms.  Steam  is  admitted  to 
the  cylinders  by  the  pipes  /  and  /  leading 
to  the  steam  chest  H^  which  contains  a 
rocking  valve,  by  means  of  which  steam 
may  be  admitted  to,  or  exhausted  from, 
either  cylinder.  The  steam  inlet  for  the 
valve  chest  is  at  S^  and  the  exhaust  outlet 
at  K.  The  lever  L  of  the  rocking  valve  is 
connected  to  a  crank  C  by  a  rod  D. 

Let  the  steering  wheel  be  turned  so  as  to 
tighten  the  port  tiller  rope.  This  raises  the 
crank-arm  B^  depressing  A  at  the  same  time. 
The  valve  lever  L  is  pulled  forward  and  the 
valve  allows  live  steam  to  enter  the  pipe  /, 
whence  it  passes  to  the  port  cylinder  and 
drives  the  piston  forward,  thus  pulling  the 
tiller  to  port.  But  the  starboard  piaton  is 
pulled  aft  by  the  motion  of  the  tiUer,  thus 
tightening  up  the  starboard  tiller  rope, 
forcing  the  arm  A  upward,  and  dosing  the 
steam  valve.  The  steam  valve  is  so  arranged 
that  it  allows  steam  to  exhaust  from  one 
cylinder  as  soon  as  live  steam  is  admitted  to 
the  other.  If,  now,  the  steering  wheel  is 
turned  so  as  to  put  a  strain  on  the  starboard 
tiller  rope,  the  valve  lever  L  will  be  forced 
aft  and  steam  will  be  admitted  to  the  star- 
board cylinder.  Should  the  rudder  com- 
mence to  creep,  the  strain  put  on  either  one 
of  the  tiller  ropes  will  inmiediately  cause 
steam  to  be  admitted  to  one  of  the  cylinders, 
thus  returning  the  rudder  to  its  position. 

In  this  design,  as  in  all  the  others  here 
described,  the  pistons  will  move  as  long  as 
the  wheel  or  reverse  lever  moves,  and  in  a 
direction  depending  on  the  direction  of  rota- 
tion of  the  wheel  or  reverse  lever.  As  soon 
as  the  wheel  or  reverse  lever  is  stopped,  the 
onward  motion  of  the  tiller  or  piston  shuts 
the  steam  ofl*. 

The  list  of  floating  valve  gears  is  by  no 
means  exhausted  with  the  four  different 
kinds  here  given,  which  have  been  simply 
selected  as  representative  designs. 
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DiPFicuLTiKS  OF  Makino  Soundinqs— Instbumbnts  Used — The  Gbsatest  Known  Depths. 
Charts  op  Ocean  Basins  as  Aids  of  Navigation 


FROM  the  earliest  ages  mankind  has  heen 
inquisitive  as  to  the  ocean  depths  and 
the  mysteries  of  life  and  beings  they 
are  supposed  to  contain.  To  the  super- 
stitious peoples  of  the  old  nations,  the  oceans 
appeared  to  be  bottomless  gulfs,  haunted  by 
sea  dragons  and  other  strange  and  miraculous 
beings.  The  value  of  some  famous  jewels 
belonging  to  the  Doges  of  Venice  was  much 
enhanced  by  a  legend  attached  to  them  that 
they  had  been  brought  by  sorcery  from  the 
uttermost  abyss  of  the  sea.  For  centuries 
these  confused  ideas  prevailed  as  to  the  great 
depths,  and  though  we  modems  do  not  share 
in  them,  yet  we  are  as  curious  as  were  our 
forefathers  concerning  their  exploration,  in 
which  the  science  known  as  oceanography  has 
but  recently 'achieved  something,  although 
it  is  comparatively  little. 

There  is,  however,  a  strong  possibility  that 
a  considerable  amount  of  positive  informa- 
tion concerning  oceanography  and  its  allied 
sciences  will  be  added  to  our  meager  stock 
of  knowledge,  since  about  two  years  ago,  at 
a  meeting  of  German  naturalists  in  Leipsic, 
Germany,  Professor  Chun,  of  the  Leipsic 
University,  proposed  that  a  deep-sea  expedi- 
tion be  sent  out  for  oceanographical,  chem- 
ical, physical,  and  zoological  investigations. 
The  German  Government  gave  $75,000 
toward  the  expenses,  and  promised  addi- 
tional funds  to  cover  final  cost  and  publica- 
tion of  results.  The  Hamburg-American 
Steamship  Company  contributed  the  steamer 
Valdivia,  of  2,600  tons  burden,  with  crew 
and  equipments,  including  a  deck  house  for 
microscopic  work,  laboratories,  and  appa- 
ratus. The  scientific  staff  is  composed  of 
eight  specialists  of  reputation  in  oceanog- 
raphy, botany,  zoology,  chemistry,  and 
bacteriology.  The  Valdivia  sailed  from  Ham- 
burg on  August  1,  1898,  and  although  the 
investigations  have  not  yet  been  finished, 
and  only  preliminary  reports  have  been  fur- 
nished so  feir,  the  expectant  public  will  cer- 
tainly not  be  disappointed  in  the  final  results 
and  achievements. 

The  reader  will  readily  understand  that 
the  knowledge  of  the  great  depths  of  the 
ocean  is  only  obtained  with  considerable 
difficulty.     Deep-sea  soundings  are,  above 


all  other  operations,  liable  to  error,  because 
of  the  prevalence  of  submarine  currents  of 
great  force  moving  in  various  directions. 
These  naturally  interfere  with  the  vertical 
descent  of  the  sounding  weight,  and  cause 
miscalculations  as  to  the  depth  obtained. 
This  probably  accounts  for  some  of  the 
stories  given  in  older  nautical  works,  where 
depths  of  eleven,  twelve,  and  even  sixteen 
miles,  are  solemnly  averred  to  have  been 
sounded.  In  lat^  days,  however,  great 
depths  have  unquestionably  been  properly 
ascertained  by  means  of  special  instruments 
in  the  hands  of  competent  and  careful  navi- 
gators and  scientists.  The  instrument  that 
is  now  usually  used  for  the  purpose  of  deep- 
sea  soundings,  and  which  has  given  general 
satisfaction  as  to  accuracy,  is  known  as 
Brook's  line.  It  consists  of  a  long  iron  rod, 
with  a  cup-like  hollow  at  one  end.  The  rod, 
when  ready  for  use,  is  passed  through  a  hole 
in  a  heavy  iron  ball,  varying  in  weight  from 
70  to  170  pounds.  This  ball  is  fastened  to  a 
hinged  fork  at  the  top  of  the  rod  by  means  of 
a  line  passing  around  it,  the  ends  of  the  line 
being  drawn  over  two  points  of  the  hinged 
fork.  The  uppermost  points  of  the  fork  carry 
the  lowering  line.  While  the  weight  of  the 
apparatus  is  borne  by  the  lowering  line  in 
passing  through  the  water,  the  hinged  fork 
is  kept  upright,  and  the  ball  is  fast  As 
soon  as  the  cup  of  the  rod  strikes  the  bottom, 
the  hinges  fall,  and  the  ball  slides  off,  leaving 
the  rod  to  be  pulled  up  with  whatever  may 
be  in  the  cup  in  the  shape  of  sand,  shells,  or 
other  similar  substances.  The  lowering  line 
carries  a  number  of  knots  at  regular  intervals, 
and  from  the  increased  or  decreased  rapidity 
with  which  these  knots  slide  over  the  ship's 
rail,  the  striking  of  the  point  of  the  rod  can 
be  estimated  with  fair  accuracy. 

It  was  this  instrument  that  gave  the  first 
proof  that  organism  existed  at  great  depths. 
From  the  plateau  of  the  Atlantic  Ocean  it 
brought  numerous  perfect  but  very  small 
shells;  from  the  Indian  Ocean,  at  a  depth 
of  about  3,500  yards,  spicules  of  sponge. 
This  was  considered  sufi^cient  evidence  that 
certain  low  forms  of  life  can  exist  under 
immense  pressure,  in  entire  darkness  and 
intense  cold.    That  the  pressure  is  indeed 
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enormouB  can  be  readily  conceived  when  it 
is  remembered  that  a  cubic  foot  of  water 
weighs  62.5  pounds.  Some  of  the  earlier 
forms  of  measuring  instruments  were  drawn 
bock  to  the  surface  broken  and  rendered 
useless  by  the  pressure  to  which  they  had 
been  subjected.  This  is  not  to  be  marveled 
at,  since  the  pressure  is  14.7  pounds  per 
square  inch  at  the  surface;  at  a  depth  of  30 
feet,  the  pressure  is  doubled;  at  60  feet,  it 
is  trebled;  and  so  on  in  increasing  ratio, 
until  at  a  mile  depth  the  pressure  is  about 
3,000  pounds  to  the  square  inch.  This 
means  that  a  soft  body,  such  as  that  of  a 
man,  for  instance,  should  it  reach  such  a 
depUi,  would  be  reduced  to  a  shapeless  pulp. 

Yet  the  modern  instruments  have  undoubt- 
edly obtained  accurate  measurements  of  sev- 
eral miles  depth.  We  know  that  the  depth 
of  the  Atlantic  Ocean  is,  approximately, 
4,000  feet,  and  that  of  the  Pacific  Ocean 
about  13,200  feet.  These  are,  of  course,  the 
averages.  In  some  places  there  are  immense 
depths,  in  others  comparative  shallows. 
The  greatest  efforts  ever  made  for  the 
exploration  of  these  ocean  basins  and  shal- 
lows, previous  to  the  sailing  of  the  Vaidivia, 
were  when  the  Challenger  was  sent  out  on 
its  famous  expedition  by  the  British  Govern- 
ment, in  1872;  when  Dr.  Nansen  explored 
the  Asian  Arctic  Ocean  and  found  depths  of 
10,000  feet  and  more  for  a  long  distance 
toward  the  pole;  and  when  Lieutenant- 
Commander  Moses,  on  August  10,  1896,  dis- 
covered the  enormous  depth  of  18,700  feet 
in  Bering  Sea,  between  Bering  Island  and 
Kamchatka.  The  officers  and  scientists  of 
the  Challenger  expedition  succeeded  in 
obtaining,  on  March  24,  1873,  what,  until 
then,  was  the  deepest  sounding  ever  scien- 
tifically vouched  for,  viz.,  23,250  feet,  or 
nearly  four  and  one-half  miles.  This  depth 
was  reached  in  the  Atlantic  Ocean,  north  of 
St.  Thomas,  and  remained  unprecedented 
until  September,  1889,  when  soundings  to  a 
depth  of  46,200  feet  were  made  in  the  South 
Atlantic  Ocean,  midway  between  the  island 
Tristan  da  Cunha  and  the  mouth  of  the  Rio 
de  la  Plat^  This  is  the  deepest  sounding 
ever  taken,  but  its  authenticity  is  doubtful, 
although  it  was  made  with  great  care  and  in 
good  faith. 

The  Mediterranean  Sea  also  possesses  some 
great  depths.  In  March,  1891,  during  the 
deep-sea  explorations  carried  on  at  the 
instance  of  the  University  of  Vienna,  Aus- 
tria, a  depth  of  11,880  feet  was  measured 
between  Molla  and  Cerigo.  The  greatest 
depth  found  by  the  Vaidivia  expedition,  so 


far  as  is  known,  is  18,000  feet.  The  advan- 
tage gained  by  such  researches  have  been 
very  considerable.  In  searching  the  depths, 
minute  forms  of  life  have  been  discovered, 
and  we  know  the  causes  of  the  ocean  colors, 
which  vary  with  atmospheric  conditions; 
and  our  navigators,  by  observing  them,  are 
frequently  enabled  to  prepare  for  approach- 
ing storms.  We  know  now  that  the  bottom 
of  the  ocean,  as  well  as  the  land,  is  a  succes- 
sion of  hills  and  valleys.  Charts  have  been 
prepared  of,  the  ocean  basins,  and  the  shal- 
lower parts  have  been  accurately  mapped, 
with  minute  accounts  added  of  their  sands 
and  beds,  all  of  which  have  become  aids  to 
the  mariner  in  determining  his  whereabouts 
by  the  use  of  a  deep-sea  lead.  This  instru- 
ment, always  put  in  use  when  nearing  a 
coast,  is  a  long,  leaden  weight,  resembling 
those  used  on  our  grandfathers'  clocks,  but 
much  larger,  varying  in  weight  from  50 
to  100  pounds.  At  the  bottom  of  this  lead 
is  a  hole  about  an  inch  deep  by  an  inch 
and  a  half  wide,  known  as  the  armhole. 
This  is  "armed"  or  filled  with  tallow. 
When  the  lead  is  cast  overboard,  it  descends 
rapidly  and  strikes  the  sea  bottom,  the 
tallow  picking  up  fragments  strewn  on  the 
bottom.  As  some  bottoms  are  rocky,  and 
others  muddy,  and  some  composed  of  vari- 
colored sands,  shells,  etc.,  an  examination 
of  these  fragments  will  give  the  navigator  an 
approximate  estimate  of  his  position.  Per- 
haps the  most  profitable  and  extraordinary 
discovery  ever  made  in  the  armhole  of  the 
lead,  after  heaving,  was  that  of  a  guinea. 
This  was  brought  up  on  the  tallow  from  a 
depth  of  90  fathoms,  off  the  west  coast  of 
Africa,  by  a  quartermaster,  named  Emanuel 
Davis,  in  the  employ  of  the  West  African 
Steam  Navigation  Company.  Such  a  thing 
was  a  chance  in  a  thousand,  and  by  no 
means  proves  that  the  bottom  of  the  sea  is, 
as  some  sanguine  persons  picture  it,  strewn 
with  gold,  costly  pearls,  and  other  untold 
wealth.  There  is  gold,  held  in  solution  in 
appreciable  quantities  in  the  sea-water,  but 
efforts  to  make  its  extraction  a  profitable 
business  have  been  so  far,  and  will  be  in  the 
future,  a  failure.  We  have  recently  seen  on 
the  coast  of  Maine,  where  two  smart  Yankees 
started  a  ''Gold  Extraction  Company,''  but 
only  succeeded  in  extracting  the  gold  from 
the  pockets  of  the  credulous  stockholders. 

It  is  said  that  another  expedition  for 
exploring  the  ocean  depths  is  in  contem- 
plation, with  the  particular  end  in  view  of 
discovering  the  true  nature  of  a  substance 
resembling  the  white  of  an  egg  that  is  foun«l 
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in  the  deepest  abysses.  If  this  can  be  done, 
a  great  stride  in  knowledge  will  have  un- 
doubtedly been  taken,  for  there  are  a  num- 
ber of  biologists  who  consider  it  identical 
with  the  protoplasm  that  the  late  Professor 
Huxley,  of  England,  termed  **the  physical 
basis  of  life,''  and  have  evolved  a  theory 
that  ^*  the  germ  of  all  life  was  matured  in 
the  ocean  abysses  in  intense  cold  and  dark- 
ness and  under  pressure  so  vast  as  to  be 
almost  inconceivable  to  the  mind.''  These, 
of  course,  are  but  speculations;   but  apart 


from  them  there  are  secrets  enough  in  the 
ocean  depths  to  forever  interest  the  world 
in  their  exploration.  From  them  we  are 
obtaining,  year  by  year,  fresh  forms  of  ani- 
mal life,  new  chemical  elements  and  com- 
pounds, new  theories  of  color,  light,  and 
motion.  In  short,  the  depths  are  vast  store- 
houses, whence  may  always  be  obtained 
something  new  to  add  to  the  already  large 
store  of  human  knowledge,  and,  rifle  them 
as  we  may,  they  will  remain  inexhaustible 
to  the  end  of  time. 


GALVANOMETERS 

James  E.  Boyd 

The  Astatic  Combination — Arrangement  op  Coil  for  Astatic  Pair — Relation  Between 
Galvanometer  Resistance  and  Outside  Resistanxe 


Glass  CiMe 
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IN  THE  more  sensitive  galvanometers,  the 
needles  are  generally  suspended  by  a  silk 
thread.  Often  a  single  fiber  of  silk  is 
used  for  the  purpose.  The  cheaper  instru- 
ments are  made  as  shown  by  the  vertical 
section.  Fig.  1.  The  magnet  is  hung  near 
the  middle  of  the  wooden  box  by  a  thread 
fastened  at  the  top  to  a  pin  in  the  center  of 
the  cover.  The  coil  is  oblong  and  is  placed 
below  the  needle,  the 
scale  being  between 
them. 

Usually  this  kind  of 
galvanometer  is  not  as 
sensitive  as  the  tangent 
galvanometer  already 
described,  because  the 
magnetic  force  on  the 
outside  of  a  coil  is  less 
than  inside.  A  much 
better  plan  is  to  have 
the  needle  in  the  center 

of  the  coil,  as  shown  in  fio.  i 

Fig.  2.  If  the  coil  is 
small,  the  support  must  extend  up  through  it. 
In  Fig.  2  we  have  represented  the  needle 
and  pointer  supported  on  a  small  rod  of 
aluminum  passing  up  through  a  hole  a  in 
the  coil.  In  high-class  galvanometers  the 
coil  is  wound  in  two  spools,  so  that  the 
aperture  a  comes  between  them,  making  it 
easy  to  take  the  magnets  out. 

For  delicate  galvanometers  we  make  the 
needle  short,  which  enables  us  to  put  it 
inside  a  coil  of  small  inside  diameter  having 
a  great  number  of  turns.  There  is  a  limit  to 
this,  however,  and    other  means  must  be 


adopted  to  make  the  galvanometer  more 
sensitive;  for  example,  the  astatic-needle 
combination  is  one  of  these.  Two  needles 
are  fastened  to  the  same  support  with  their 
poles  in  opposite  directions,  as  shown  in 
Fig.  3. 

When  such  a  combination  is   hung  up 
and  deflected   a  little  from  the  magnetic 
meridian,  one  magnet  tends  to  turn  it  on 
around   and  the  other 
to  pull  it  back   to  its 
original  position.    If  the 
two  magnets  are  exactly 
equal,    the   two   forces 
will  balance,  and  it  will 
stand  wherever  it.  is 
placed.    Here  we  have 
a  true  astatic  combina- 
tion.    If,  however,  one 
magnet  is  a  little 
stronger  than  the  other, 
the  magnets  will  rotate 
in  the  direction  of  the 
stronger  force.    In  a  uni- 
form   magnetic   field,  a   combination  that 
is   nearly  astatic  is  equivalent   to  a  very 
weak  needle;  there  would  be  no  advantage 
in  the  use  of  such  a  combination  if  the 
two  needles  were  placed  close  together.    In 
use,  such  needles  are  fixed  an  inch  or  more 
apart,  so  that  one  needle  may  be  put  in- 
side a   galvanometer   coil   and   the   other 
above  or  below  it;   the  second  magnet  of 
such  a  combination  is  represented  by  the 
dotted   figure   SN,   Fig.  2.      Suppose   the 
current   in    the   coil    passes  around    it   in 
a  clockwise  direction,  so  that  the  lines  pass 
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through  the  coil  from  front  to  back.  The 
pole  N  tends  to  tarn  farther  around  ao 
as  to  move  the  front  of  the  pointer  toward 
the  left.  At  the  same  iime  the  lines  of 
force  above  the  coil  ran  frt>m  the  back 
toward    the    front,   tending    to   carry  the 


Fig.  2 

north  pole  of  the  apper  needle  forward.  The 
effect  of  this,  then,  is  to  rotate  the  front  of 
the  pointer  toward  the  left;  at  the  same 
time  the  earth's  magnetism,  which  we  will 
sappofie  to  be  parallel  to  the  coQ  from  right 
to  left,  tends  to  twist  the  lower  needle  in  one 
direction  and  the  apper  needle  in  the  other. 
If  the  lower  needle  is  the  stronger,  we  have 
a  very  weak  force  tending  to  make  the 
needles  parallel  to  the  coil.  The  force  that 
the  carrent  in  the  coila  exerts  on  the  needles 
varies  with  the  sum  of  their  strength,  while 
that  due  to  the  earth's  field  varies  with 
their  difference.  If  the  needles  are  strong 
and  nearly  equal,  a  small  current  in  the 
coil  will  produce  a  large  deflection,  provided, 
of  course,  that  a  fine  fiber  is  used  as  a 
support,  so  that  no  -  appreciable  force  is 
required  to  twist  it  It  is  easy  to  make 
a  galvanometer  of  this  kind.  Make  the 
magnets  out  of  pieces  of  sewing  needles 
about  an  inch  in  length.  To  magnetize 
a  needle,  hold  it  down  on  a  block  of  wood, 
and,  placing  the  north  pole  of  a  permanent 
magnet  on  the  center,  draw  it  off  at  one 
end.  The  point  where  the  pole  of  the  mag- 
net leaves  the  needle  will  be  a  south  pole. 
Then,  turning  the  needle  end  for  end, 
place  the  south  pole  of  the  permanent  mag- 
net gently  on  the  middle  and  draw  it  off  at 
the  end;  this  gives  a  north  magnetic  pole 
at  this  end.  This  operation  may  be  repeated 
several  times,  changing  the  ends  of  both 
magnet  and  needle  each  time.  Stroking  the 
second  needle  in  the  same  way  will  probably 
make  it  nearly  equal  to  the  first.  The  two 
needles  may  be  mounted  with  their  poles  in 
opposite  directions  on  a  short  rod  of  brass, 
aluminum,  or  wood. 


The  coil  may  be  wound  in  the  form  shown 
in  Fig.  2.  It  is  convenient  to  use  a  slot  long 
enough  for  the  magnet  to  pass  through, 
instead  of  the  round  hole  a.  The  pointer 
may  be  made  of  an  aluminum  wire  or  a 
broom  straw,  and  for  convenience  should  be 
placed  above  the  coil  and  not  inside  of  it, 
as  shown.  As  a  suspension,  split  a  few 
fibers  from  a  silk  thread-^un twisted  silk  is 
the  best. 

The  coil  and  support  for  the  thread,  of 
course,  must  be  mounted  on  a  wooden  base, 
so  that  the  suspended  needle  shaU  swing 
near  the  center  of  the  coil.  A  glass  cover, 
or  a  wooden  box  with  a  mica  or  glass 
window,  may  be  put  over  the  instrument  to 
prevent  disturbance  due  to  the  air.  Such  a 
galvanometer  is  capable  of  doing  very  good 
work.  It  will  show  the  carrent  due  to 
heating  a  single  junction  of  two  dissimilar 
metals,  or  the  current  induced  in  a  coil  of  a 
few  turns,  by  thrusting  a  magnet  into  it. 

The  question  naturally  arises  whether  our 
galvanometer  coil  should  be  wound  with  a 
few  turns  of  coarse  wire  or  a  great  many 
turns  of  fine  wire — whether  it  should  be  a 
high-  or  low-resistance  coil.  In  purchasing 
galvanometers  or  in  using  them  where  there 
are  several  instruments  at  our  command,  we 
often  meet  the  same  problem.  In  general, 
we  should  use  a  high-resistance  instrument 
on  a  high-resistance  circuit,  and  a  low- 
resistance  instrument  on  a  low-resistance 
circuit,  if  sensitiveness  is  desired.  Of  course, 
there  may  be  other  considerations,  such  as 
the  danger  of  short-circuiting  a  cell,  which 
may  require  the  use  of  a  less  sensitive 
arrangement. 

Suppose  we  desire  to  connect  our  galva- 
nometer to  a  cell  having  a  resistance  ( f 
1  ohm,  and  we  use  a  coil  having  ^  ohm 
per  turn  and  20  turns;  the  total  resistance  ('f 
the  circuit  is  3  ohms,  and. 
supposing  the  E.  M.  F.  to 
be  .0015  volt,  the  current 
is  .0005  ampere.  Now  let 
us  put  on  20  more  turns  ^ 
having  the  same  resist- 
ance as  the  first;  the  re- 
sistance is  now  5  ohms 
and  the  current  .0003  s^ 
ampere.  In  the  first  caee 
we  have  .0005  ampere 
through  20  turns,  and  in  the  second  we  have 
.0003  ampere  through  40  turns;  if  the  coils 
are  exactly  alike  we  have  a  force  at  the  center 
in  the  second  case  1.2  times  as  great  as  that 
in  the  first  case.  In  winding  a  coil,  however, 
we  soon  fill  up  the  space  nearest  the  needle. 
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so  that  when  more  tarnB  are  added  they  must 
be  placed  fJEurther  from  the  needle  when  their 
force  is  less,  and  must  generally  be  of  greater 
diameter  and  have  greater  resistance  than 
the  inner  turns.  In  winding  coils,  then,  we 
soon  reach  a  point  where  the  increase  of 
resistance  balances  the  gain  secured  by 
putting  on  more  turns. 

In  the  simple  thermopile  made  by  twisting 
together  one  end  of  a  pair  of  wires — ^iron 
and  German  sUver,  for  instance— and  joining 
the  free  ends  to  a  galvanometer  to  measure 
the  current  produced  when  the  junction  is 
heated,  we  have  a  case  where  the  galvanom- 
eter should  be  one  of  low  resistance.  Here 
the  E.  M.  F.  is  small  and  constant,  whUe  the 
resistance  outside  the  instrument  is  that  of 
a  few  feet  of  wire.  Again,  a  low-resistance 
galvanometer  is  used  to  measure  the  current 
generated  by  cutting  lines  of  force  by  a  few 
turns  of  wire.  A  comparatively  low-resist- 
ance galvanometer  is  most  sensitive  when 
using  a  bridge  of  low-resistance  arms,  and 
when  finding  the  drop  of  potential  in  alow-re- 


sistance  wire.  Low-resistance  galvanometers 
are  usually  made  of  sizes  from  No.  18  to  No.  24, 
and  have  from  50  to  500  turns  in  theur  coils. 
When  the  outside  resistance  is  large,  little 
is  gained  by  diminishing  the  resistance  of 
the  galvanometer.  If  there  are  already 
10,000  ohms  in  a  circuit,  the  addition  of 
1,000  ohms  in  the  galvanometer  will  diminish 
the  current  only  one-tenth,  and,  if  at  the 
same  time  the  number  of  turns  is  doubled, 
the  sensitiveness  is  very  much  increased. 
High-resistance  galvanometers  are  used  for 
measuring  insulation  resistance  and  with 
bridges  of  high-resistance  arms.  In  dis- 
charging a  condenser,  the  same  quantity  of 
electricity  flows  out,  no  matter  what  the 
resistance,  though  it  takes  a  longer  time 
when  the  external  resistance  is  high.  The 
galvanometer  used  to  measure  this  elec- 
tricity may  be  of  very  great  resistance,  and 
must  have  a  large  number  of  turns.  High- 
resistance  galvanometers  are  wound  with  wire 
of  about  No.  40  gauge,  and  many  thousand 
turns  are  put  in  a  single  instrument. 
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Chas.  J.  Mason 


The  Steam  Boiler-^How  Internal  Pressure  Acts — ^The  Use  of  Formulas — The  Strength 

OF  Riveted  Joints — Boiler  Plate 


A  BOILER  is  a  vessel  in  which  steam  is 
generated.  Boilers  may  be  divided 
into  three  classes:  stationary,  locomo- 
tive, and  marin&  Portable  boilers,  such  as 
belong  to  fire-engines,  street  rollers,  and 
hoisting  engines,  are  usually  classed  as 
stationary  boilers,  and  come  under  the 
supervision  of  the  civic  authorities  in  such 
places  where  laws  exist  in  regard  to  the 
inspection  of  steam  boilers.  Of  the  three 
classes  of  boilers  just  mentioned,  there  are 
many  kinds  of  makes,  or  subclasses,  so  to 
speak.  This  article  will  deal  principally 
with  the  stationary  class,  and  it  will  not  be 
attempted  to  give  descriptions  in  detail  of 
the  various  kinds,  but  rather  to  explain 
principles  and  rules  applicable  to  all. 

When  the  construction  of  steam  boilers 
was  in  its  infancy  the  pressures  carried  were 
not  more  than  3  or  4  pounds  per  square  inch. 
Not  much  attention  was  then  given  to  the 
form  in  which  the  boilers  were  to  be  made— 
so  far  as  the  suitability  to  resist  internal 


pressures  was  concerned.  When  higher 
pressures  were  used,  attention  to  this  impor- 
tant point  became  necessary.  Today,  from 
100  to  200  pounds  per  square  inch  is. not 
uncommon,  and  so  the  strongest  form  possi- 
ble must  be  employed  in  the  construction  of 
boilers.  The  sphere  is  the  strongest  form 
to  resist  internal  pressure,  but  for  many 
reasons  dt  cannot  be  adopted.  Next  to  the 
sphere  is  the  cylindrical  form,  which  is  now 
universally  used. 

Why  is  the  fphere  the  strongest  form  to  resist 
irUenial  pressure  f 

Internal  pressure  acts  radially  from  the 
center  on  every  part  of  the  internal  surface 
of  the  vessel.  As  an  illustration  of  the  form 
in  which  pressure  tends  to  shape  a  vessel,  the 
toy  rubber  balloon  with  which  our  children 
play  will  serve  our  purpose.  At  first,  when 
subjected  to  the  external  pressure  of  the  air, 
it  is  a  shapeless  body,  but  when  internal 
pressure  is  introduced,  it  swells  out  and 
assumes  the  form  of  a  perfect  sphere.    It  is. 
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therefore,  a  logical  conclusion  that  as  inter- 
nal pressure  would  surely  tend  to  make  a 
Teasel  conform  to  a  sphere,  such  a  form  must 
be  the  strongest  to  resist  the  pressure.  It 
can  readily  be  shown  mathematically  that 
for  a  given  thickness  and  strength  of  mate- 
rial a  spherical  vessel  will  have  twice  the 
strength  of  a  cylindrical  vessel. 

In  the  cylindrical  form  of  boiler,  all  flat 
surfaces  must  be  stayed,  or  braced,  owing  to 
the  tendency  of  the  boUer  to  assume  a  circu- 
lar form  while  under  pressure.  It  will  be 
noticed  that  stays  are  not  used  for  the 
circular  part,  because  the  internal  pressure 
tends  to  make  all  parts  circular,  or  as  we 
commonly  say,  "  the  curde  stays  itself.'* 

Boilers  are  made  of  ste^  or  iron  plates 
riveted  together  at  the  joints  in  such  a  way 
as  to  be  both  strong  and  tight.  Now,  these 
joints  are  very  important  factors  in  calcula- 
ting the  pressure  a  boiler  can  carry,  and  it 
may  be  said  that  the  influence  of  these 
joints  is  not  very  well  understood  by  many 
of  those  that  are  daily  employed  around  a 
steam  boiler.  It  is  known  to  many,  of 
course,  that  the  longitudinal  joints 
are  double-  and  sometimes  treble- 
riveted,  while  the  circumferential 
joints,  or  seams,  as  they  are  also 
termed,  are  only  single-riveted. 
Nearly  every  one  knows,  or  can 
infer,  from  the  fact  that  the  longi- 
tudinal seams  are  double-riveted, 
that  they  are  subject  to  a  greater 
stress  than  the  circumferential  seams; 
the  main  question  is: 

Why  18  there  more  streis  on  the  longitadincd 
than  on  the  eircutnferenlial  seams  f 

The  answer  to  this  question  is  not  as  easy 
(to  those  that  have  not  already  studied  and 
thought  out  this  problem )  as  it  at  first  appears 
to  be,  and,  until  it  has  been  carefully  studied 
and  understood,  will  cause  concision  of  ideas 
that  will  surely  entangle  those  that  have  not 
taken  the  trouble  to  look  into  it.  The  mere 
reading  and  looking  at  the  following  expla- 
nation and  formulas  will  not  avail  much,  and 
if  the  reader  really  desires  to  be  informed  on 
the  subject,  he  must  think  hard — ^take  pains 
to  gain  his  desires.  There  are  many  things 
in  engineering  that,  while  a  dear  and  full 
explanation  of  them  may  be  given,  require 
individual  effort  in  order  to  be  understood 
and  retained.  It  is  of  little  use  to  commit  a' 
given  formula  or  rule  to  memory,  for,  unless 
used  frequently,  it  would  soon  be  forgotten, 
especially  when  there  are  so  many  to  remem- 
ber. If  the  formula  is  studied  in  the  true 
it  will  seldom  be  forgotten,  for  the 


but 


mind  is  not  burdened  with  trying*  to  remem- 
ber what  has  been  mentally  digested.  By 
the  phrase  'Mn  the  true  sense,"  is  meant 
the  searching  out  of  the  reason  the  different 
factors  in  a  formula  are  placed  as  they  are. 
Sometimes  it  will  be  extremely  difficult  to 
understand  a  problem,  and  much  time  may 
be  spent  on  it  without  results.  Now  and 
then  a  gleam  of  light  may  burst  upon  your 
mental  eye,  and  you  have  almost  mastered 
your  difficulty,  but  not  quite.  This  at  first 
may  seem  discouraging,  but  in  reality  it  is 
one  of  the  best  experiences  that  could  hap- 
pen you;  your  mind  is  undergoing  a  train- 
ing— it  is  being  disdplined.  Instead  of 
feeling  discouraged,  such  experience  should 
encourage  you  to  further  and  greater  effort. 
Perhaps,  at  such  a  time,  it  would  be  well  to 
discontinue  the  subject  for  a  time,  '*  side- 
track it,"  so  to  speak,  and  continue  with  the 
subjects  next  in  order.  You  will  be  much 
surprised,  when  you  again  resume  the  diffi- 
cult problem,  at  how  much  dearer  it  appears 
to  you  now.  Problems  studied  under  such 
circumstances  are  not  easUy  forgotten;  and, 
what  is  more,  no  special  effort 
will  be  required  to  remember 
them.  Knowledge  acquired  under 
such  difficulties  becomes  part  of 
oursdves,  stowed  away  in  the 
mind's  great  storeroom,  always 
ready  to  be  brought  out  when 
required. 
To  return,  let  us  see  what  is  the 
meaning  of  the  word  stress,  as  used  in  the 
question  w ith  which  we  are  dealing.  A  force 
that  tends  to  produce  a  change  in  any  body  is 
called  a  firess.  Do  not  confound  it  with  that 
other  term  strain,  for  there  is  a  difference — a 
strain  results  from  a  stress.  It  has  been 
stated  that  the  stress  on  the  longitudinal 
seams  of  a  boiler  is  greater  than  on  the  cir- 
cumferential seams.  Now,  let  us  look  into 
this  and  see  why  it  is  so.  A  simple  way 
of  explaining  this  is  by  the  use  of  a  dia- 
gram, which  represents  a  cylinder  subject  to 
internal  pressure,  just  as  in  the  case  with  a 
steam  boiler. 
Let 

P  =  pressure  per  sq.  in.  in  the  cylinder; 
D  ■=  diameter  of  the  cylinder  in  inches; 
T  —  thickness  of  the  plate; 
L  —  length  of  the  cylinder  in  inches. 
The  internal  pressure  P  acts  radially  on 
every  part  of  the  internal  surface  of  the 
cylinder,  and  tends  to  separate  the  cylinder 
into   two   parts   along  any  plane   passing 
through  the  axis  of  the  cylinder,  as  abed. 
This  requires  a  little  thinking.     The  plane 
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a  6  c  d  is  an  area  represented  by  the  diameter 
and  length  of  the  cylinder  when  multiplied 
together.  Now,  the  pressure,  or  force,  that 
tends  to  separate  the  cylinder  has  this  area 
as  a  backing  from  which  to  act  (we  speak 
thus  for  the  sake  of  simplicity),  and  thus  it 
can  be  seen  how  the  product  of  PXI>XL 
is  the  resultant  force  tending  to  separate 
the  cylinder  into  two  parts  along  the  lines 
ab  and  cd.  On  this  fact  are  based  all  the 
calculations  concerning  the  strength  of  the 
shell  of  the  steam  boiler.  If  this  &ct  is 
clearly  understood,  half  the  trouble  in  learn- 
ing the  different  rules  will  be  removed. 

The  area  of  the  material  in  our  cylin- 
der to  resist  this  tendency  to  burst  along 
lines  ab  and  cd  (in  other  words,  the  two 
sides  of  the  cylinder)  is  equal  to(o6-f-cd)  T, 
or  2  X  X  ^,  which  means  twice  the  length, 
or  the  length  of  the  two  sides,  multiplied  by 
the  thickness  of  the  plate  of  which  the  cylin- 
der is  made.  Therefore,  the  stress  per  square 
inch  on  the  plate  may  be  shown  thus: 
_  PdL  _  Pd 
btrees  -  2TL~  2T' 

As  the  factor  L  (the  length  of  the  cylin- 
der) is  common  to  both  numerator  and 
denominator,  they  equalize  each  other  and 
can  therefore  be  stricken  from  both.  This 
formula  translated  into  words  is:  The  pres- 
sure per  square  inch  in  the  cylinder,  multi- 
plied by  the  diameter  of  the  cylinder  in 
inches,  divided  by  twice  the  thickness  of  the 
plate  in  inches,  will  give  the  stress  per  square 
inch  on  the  plate. 

By  a  careful  study  of  the  above  it  will  be 
seen  that,  by  changing  the  value  of  the  let- 
ters in  the  formula,  the  result  will  also  be 
changed.  For  example,  if  we  increase  the 
values  of  P  and  2),  the  stress  will  thereby 
be  increased;  if  we  increase  the  value  of  T, 
the  stress  in  this  case  is  decreased.  The 
facts  first  cited  govern  the  size  and  thick- 
ness that  a  certain  boiler  must  be  in  order  to 
withstand  a  given  pressure. 

We  have  been  dealing  with  the  stress  that 
tends  to  separate  the  cylinder  (shown  in  our 
illustration)  along  the  sides.  So  far  nothing 
has  been  said  about  the  pressure,  or  stress, 
on  the  ends,  or  heads— that  stress  which 
tends  to  tear  the  cylinder  into  two  parts  in 
a  plane  perpendicular  to  the  axis,  or,,  in 
short,  which  tends  to  blow  the  end  off. 

First  we  find  the  area  of  the  end  by  the 
formula,  cP  X  .7854  =  area.  This  means 
that  the  diameter  squared  (multiplied  by 
itself),  multiplied  by  the  constant  .7854, 
equals  the  area;  all  being  expressed  in 
inches.    The  total  pressure  on  this  area,  or 


Stress  = 


end  =  ((i*  X  7864)  P;  or,  the  area  as  found 
above,  multiplied  by  the  pressure  per  square 
inch,  equals  the  total  pressure  tending  to 
blow  the  end  off.  Now,  the  area  of  the 
material  to  resist  this  tendency  (not  taking 
into  account  the  deductions  that  would  have 
to  be  made  for  rivet  holes  in  the  case  of  a 
boiler)  equals  the  circumference  of  the  cylin- 
der multiplied  by  the  thickness  of  the  plate; 
thus,  area  =  d  X  3.1416  X  T  This  means 
that  the  diameter  multiplied  by  the  constant 
3.1416  (the  circumference),  multiplied  by 
the  thickness  of  the  plate,  equals  the  area  of 
the  material  to  resist  the  end  being  blown 
off.  Therefore,  the  stress  per  square  inch 
on  the  plate  will  be: 

c?X  .7864X-P  ^  Pd 
</X3.1416X'i'        4  2'* 

This  means  that  the  pressure  per  square 
inch,  multiplied  by  the  diameter  of  the 
cylinder  in  inches,  divided  by  four  times 
the  thickness  of  the  plate,  equals  the  stress 
per  square  inch  on  the  plate. 

By  comparing  the  result  just  shown  with 
that  in  the  other  case,  it  will  be  seen  that 
the  stress  is  only  half  as  great  in  the  latter 
case.  Theoretically,  the  plate  is  twice  as 
likely  to  give  out  in  the  direction  of  the 
length  of  the  cylinder  as  it  is  circumfe- 
rentiaUy.  For  this  reason  the  longitudinal 
joints  of  a  boiler  are  made  stronger  than  the 
circumferential  by  an  extra  row  of  rivets. 

Perhaps  the  formula  just  stated  will 
appear  confusing  to  some  readers,  and  there 
is  no  doubt  that  it  is  so,  unless  it  is  carefully 
studied.  At  first  it  seems  difficult  to  see 
how  d*  X  .7a54  X  -P  can  be  reduced  to 
simply  Pd;  and  likewise  in  the  second  line, 
how  the  expression  d  X  3.1416  X  T  can  be 
expressed  as  4  T.  Of  course,  if  we  should 
take  either  expression  singly,  we  could  not 
make  such  reduction;  the  terms  must  be 
treated  according  to  the  relation  existing 
between  them.  If  the  reader  will  substitute 
numbers  for  the  letters  used  in  the  expres- 
sions, and  then  figure  out  each  correctly,  he 
will  find  that  the  same  result  will  be  readied. 
Try  it  for  yourself;  by  doing  so  a  desire  to  go 
further  may  be  awakened,  which  cannot  but 
be  of  great  benefit. 

As  has  been  said  before,  having  once  mas- 
tered these  two  problems,  concerning  the 
longitudinal  and  circumferential  stresses, 
all  the  others  concerning  internal  pressure 
will  be  quite  easy. 

In  the  foregoing  examples  the  cylinder  in 
question  was  considered  as  being  formed  of 
one  continuous  piece  of  metal,  without  joint 
or   seam,  in   order   to   better  explain  the 
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principles  involyed.  In  steam  boilers  in 
actual  nse  such  conditions  do  not  exist, 
for  it  is  not  practicable  to  make  them  thus, 
but  they  are  made  of  several  sheets  of  metal, 
and,  consequently,  there  must  be  joints  and 
seams.  These  joints  are  not  as  strong  as  the 
original  sheets,  owing  to  the  holes  for  the 
rivets  that  have  been  drilled  or  punched 
in  them.  A  certain  portion  of  the  metal  has 
thus  been  removed,  and  therefore  the  sheets 
have  been  weakened  to  a  certain  degree. 

The  strength  of  the  joints  in  a  boiler  is 
expressed  as  a  certain  percentage  of  the 
strength  of  the  solid  plate.  This  percentage 
depends  on  several  things  that  must  be 
taken  into  consideration  when  making  the 
calculation,  and,  therefore,  no  definite  fig- 
ure representing  the  percentage  can  be  given. 
True,  there  are  two  figures  in  general  use, 
that  are  assumed  to  be  averages  of  the 
difi*erent  percentages.  These  figures  are  70 
and  56  for  double-  and  single-riveted  seams, 
respectively,  and  are  found  in  a  great  many 
engineering  handbooks.  These  figures  are 
sufSdently  close  for  general  purposes,  and 
save  much  time  when  making  calculations 
pertaining  to  the  strength  of  a  steam  boiler. 
But  when  dealing  with  joints  it  cannot  be 
taken  for  granted  that  these  figures  are  cor- 
rect. The  reader  will  understand  that  the 
longitudinal  seams  of  the  steam  boiler  are 
usually  taken  as  70  per  cent,  of  the  strength  of 
the  solid  plate  when  such  seams  are  double- 
riveted,  and  56  per  cent,  when  single-riveted. 
On  what  does  the  strength  of  ttearm  depend  t 
The  real  strength  depends  on  the  proper 
proportions  being  maintained  between  the 
diameter  and  pitch  of  the  rivets,  and  on 
the  thickness  of  the  plates.  The  following  is 
the  formula  for  finding  the  strength  of  joints: 
(/^-JR)  XlOO  _  ,. 

in  which  P  =  pitch; 

R   =  diameter  of  rivets; 
Sp  ^  percentage   of   strength   of 
plate  at  the  joint,  as  com- 
pared with  the  solid  plate. 
This  is  all  right  so  far  as  the  plate  is  con- 
cerned, but  what  about  the  strength  of  the 
rivets?    Let  us  see: 

{A  XR)X100  ^ 
F  X  T 
in  which  A  =  area  of  rivets; 

R  =  number  of  rows  of  rivets; 
P  =  pitch;      . 
T  =  thickness  of  plate; 
Sr=  percentage    of    strength    of 
rivets,  as  compared  with  the 
solid  plate. 


This  last  formula  is  to  be  used  for  lap 
joints  and  those  having  single  butt  straps. 
Should  double  butt  straps— joints— be  used 
(as  in  marine  boilers)  multiply  the  percent- 
age found  by  1.5,  for  in  such  cases  the  rivets 
are  exposed  to  double  shear. 

There  is  food  for  thought  in  these  formu- 
las, and  we  cannot  emphasize  too  strongly 
the  importance  of  getting  into  them,  as  it 
were — to  pick  them  to  pieces,  to  analyze  the 
different  parts — not  pretending  to  cx)mmit  to 
memory  the  mere  positions  of  the  factors, 
but,  instead,  searching  out  the  reasons  that 
determine  their  relative  positions. 

In  all  these  formulas  that  we  have  been 
considering,  it  would  be  well  for  the  student 
or  reader  to  supply  numerical  values  in  place 
of  the  letters  and  words,  and  work  them  out 
for  himself.  Change  these  values  in  certain 
factors  and  note  the  results  obtained ;  experi- 
ment with  them  in  every  way  you  can  think 
of;  by  so  doing  you  will  unconsciously  learn 
that  which  you  may  not  have  actually  set 
out  to  learn. 

It  may  not  be  out  of  place  here  to  make  a 
few  remarks  about  formulas  in  general. 
Many  engineers  and  mechanics  have  a  dread 
of  them,  so  much  so  that  many  articles  in 
mechanical  journals  go  unread.  Some  persons 
have  an  idea  that  one  must  have  a  knowledge 
of  algebra  in  order  to  be  able  to  work  out  a 
formula,  and,  not  having  the  supposed 
necessary  knowledge,  do  not  bother  with  it 
at  all.  The  formulae  used  in  textbooks  and 
journals  that  reach  the  steam  engineer  are 
simply  arithmetical  questions  or  statements 
expressed  in  an  algebraic  form  for  conve- 
nience. A  knowledge  of  algebra — excepting 
that  relative  to  the  use  of  the  signs  in 
formulas,  which  is  very  simple— is  not 
required  to  work  out  the  formulas  with  which 
we  have  to  deal.  In  fact,  they  are  so  simple 
and  easily  understood  that  they  are  now 
universally  used  by  almost  every  one.  In 
short,  a  formula  is  a  method  of  stating  a 
question  in  a  clear,  concise,  and  coadensed 
form,  instead  of  using  a  great  number  of 
words.  Any  person  understanding  simple 
arithmetic  should  have  no  difficulty  in 
solving  a  problem  that  is  expressed  in  a 
simple  formula. 

What  are  the  esi<ential  qnalities  that  ahould  he 
pof<sefo*ed  by  platef*  used  in  the  construction  of 
steam  bfAltrsf 

There  are  two  qualities  that  all  boiler 
plates  should  possess.  The  first  is  tensile 
strength  sufficient  to  stand  the  stress  put  on 
it  by  the  pressure  of  steam;  and  the  second 
is  ductility,  to  prevent  cracking  by  unequal 
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contraction  and  expansion,  and  by  repeated 
heating  and  cooling.  The  latter  quality  is 
jost  as  essential  as  the  former. 

What  is  the  meaning  of  the  term  **  tensile 
strength'' f 

The  tensile  strength  of  any  material  is  the 
resistance  it  offers  to  being  pulled  apart. 
When  we  speak  of  the  plates  in  a  boiler 
having  a  tensile  strength  of  50,000  pounds 
per  square  inch,  it  is  meant  that  if  a  bar  of 
the  same  metal,  1  inch  square,  is  subjected 
to  a  stress  of  50,000  pounds,  it  will  break. 
This  is  called  the  breaking  stress  and  also  the 
tdtimate  tensile  strength.  From  this  it  can  be 
seen  that  the  resistance  of  a  plate  is  propor- 
tional to  the  area  of  its  cross-section.  When 
it  is  required  to  find  the  breaking  stress  of 
any  piece  of  material  we  find  the  area  at 
the  minimum  cross-section,  and  multiply  it 
by  the  strength  per  square  inch.  The  ten- 
sile strength  of  wrought  iron  may  be  taken 


as  50,000  pounds  per  square  inch  of  section; 
that  of  steel,  70,000  pounds  per  square  inch 
of  section.  These  figures  may  not  always 
be  found  correct;  an  actual  test  only  can 
detennine  just  what  the  tensile  strength  is. 
The  term  safe  tenMle  strength  refers  to  the 
load  per  square  inch  that  can  be  borne  in 
safety  by  a  piece  of  material.  In  boUers,  it 
is  usually  ta^en  at  from  i  to  ^  the  ultimate 
tensile  strength  of  the  material. 

What  is  the  meaning  of  the  term  ^^ductUe''  t 
Ductile,  as  applied  to  the  plates  of  a  boiler, 
means  that  the  plates  may  be  subjected  to 
a  stress  sufficient  to  stretch  them  within 
reasonable  limits  without  breaking.  The 
eUuiic  limit  of  the  metal  in  question  deter- 
mines how  far  this  stretch  may  be  carried 
before  a  permanent  set  becomes  visible.  A 
metal  that  has  no  elasticity,  and  is  not  duc- 
tile, is  not  safe  to  use  in  the  construction  of 
a  steam  boiler. 


THE   FACTORY   CHIMNEY 


•  *  Constructor  • ' 
Some  Features  in  Construction  That  Should  Be  Observed 


THE  tall  factory  chimney  of  masonry  is 
rapidly  being  superseded  by  the  smoke- 
belching,  gas-distributing  ^nnel  of  the 
induced-draft  system.  The  fan,  though  hard 
at  work  in  the  economizer  room  in  its 
endeavors  to  lift  the  coal  from  the  grates  and 
propitiate  the  wrath  of  the  engineer  by  a 
good  showing  on  the  draft  gauge,  refuses  to 
assist  the  products  of  combustion  farther 
than  the  base  of  the  stack.  That  poor 
40-foot  No.  10  iron  affair  is  either  unable  or 
lacks  sufficient  ambition  to  send  the  fumes 
and  smoke  clear  of  the  angle-iron  ring  that 
adorns  its  top,  much  to  the  discomfort  and 
annoyance  of  the  neighborhood. 

The  economizer  is  excellent  in  its  way, 
but  the  induced-draft  system,  with  its  short 
stack,  smoke  nuisance,  and  big  repair  bill 
for  the  fan  engines,  which  are  usually  over- 
loaded, cannot  be  compared  with  its  old- 
fashioned  and  stately  competitor — the  brick  or 
stone  chimney,  sending  the  smoke  fax  above 
the  housetops  and  chimney  cape  of  the  town. 

It  is  not,  however,  the  purpose  of  this 
article  to  compare  the  several  systems  of 
creating  draft;  for,  as  the  bookkeeper  of  a 
boQer  shop  said,  in  replying  to  the  question 
of  a  prospective  customer  as  to  whether  it 
was  advisable  to  use  2  J -inch  or  4-inch  tubes 
in  a  certain  boiler,  "that's  merely  a  matter 


of  taste."  What  it  is  desired  to  set  forth,  is 
a  few  points  that  may  be  of  use  to  those  that 
still  favor  the  brick  or  stone  chimney;  and, 
as  the  brick  chimney  is  the  most  usual,  the 
remarks  are  intended  to  be  relevant  thereto. 

The  location  of  the  brick  stack  or  chimney 
is  naturally  subservient  to  the  arrangement 
of  the  boiler  house,  but  should  be,  wherever 
possible,  isolated  from  it;  that  is,  the  stack 
and  the  walls  of  the  boiler  house  should 
not  join;  neither  should  the  foundation  foot- 
ings be  in  conjunction,  unless,  of  course,  the 
soil  is  unyielding,  and  settlement  unlikely. 
If  it  is  imperative  that  the  chimney  shall 
join  the  wall  of  the  boiler,  house,  in  order 
that  the  flue  can  be  run  to  the  best  advan- 
tage, or  for  other  reasons,  a  straight  joint 
should  be  provided,  which  will  tdlow  un- 
equal settlement  between  the  stack  and  the 
wall  without  danger  of  destroying  the  con- 
tinuity of  the  latter. 

The  foundations  should  be  carefuUy  pro- 
portioned, so  that  the  safe  bearing  value  of 
the  soil  is  not  exceeded,  and  attention  should 
be  paid  to  the  lay  of  the  land,  and,  if  neces- 
sary, drainage  should  be  provided  in  order  to 
carry  off  spring  and  surface  water.  Where 
clay  or  yielding  soil  is  encountered,  it  is 
usual  to  provide  concrete  footings,  which  in 
extreme  cases  are  constructed  on  the  grillage 
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system.  The  foundations  and  footing  coorsee 
of  brick  and  stone  chimneys  are  generally 
made  much  heavier  than  for  walls  of  buQd- 
ings,  because  the  increased  weight  is  required 
to  provide  stability  against  wind  pressure. 
It  is  not  unusual  for  a  chimney  200  feet  in 
height  and  20  feet  on  a  side  at  the  base, 
erected  upon  day  or  other  unstable  soQ,  to 
have  the  foundation  of  concrete  10  to  12 
feet  in  depth,  and  even  more.  This  concrete 
foundation  or  footing  should  be  stepped  in- 
side and  outside  not  more  than  2  of  vertical 
to  1  of  horizontal  run.  The  inside  of  such 
a  foundation  may  be  filled  with  brick  or  con- 
crete, to  add  weight,  and  &ced  with  fire- 
brick to  form  the  floor  of  the  stack. 

Brick  chimneys  may  be  either  round, 
square,  octagonal,  or  star-shaped  in  cross- 
section.  Round  and  octagonal  chimneys 
ofier  less  resistance  to  the  wind  than  square 
ones,  and  are  more  expensive  to  construct, 
specially  molded  brick  often  being  required 
for  round  chimneys,  particularly  for  the  inside 
lining.  Some  of  the  tallest  and  beet  con- 
structed brick  chimneys  are  star-shaped  on 
the  outside  perimeter,  being  usually  eight- 
pointed,  which  is  the  outline  formed  by  the 
overlapping  of  two  squares,  the  diagonals  of 
the  one  being  coincident  with  the  diameters 
of  the  other.  Chimneys  built  in  this  manner 
are  well  adapted  to  resist  wind  pressure,  and 
make  a  fine  appearance  where  the  flutings  or 
star  points  die  away  into  a  neatly  corbeled 
bell  cap.  The  width  of  the  chimney  at  the 
base,  if  square,  should  be  about  one-tenth 
of  its  height,  and  it  is  good  practice  to  use 
a  batter  of  about  2^  inches  to  every  10  feet 
of  height.  However,  in  the  design  of  all 
chimneys,  the  overturning  tendency  due  to 
a  horizontal  wind  pressure  of  56  pounds  per 
square  foot  should  be  calculated,  and  the 
chimney  designed  to  resist  such  a  tendency. 

The  center  of  action  of  the  wind  is  taken 
at  the  center  of  gravity  of  the  stack  surface. 
This  point  can  readily  be  determined  by 
laying  out  an  elevation  of  the  stack  to  scale 
on  cardboard,  cutting  it  out  and  balancing 
it.  -  The  transverse  axis  thus  found  will  pass 
through  the  center  of  gravity  of  the  surface 
and  the  point  at  which  the  wind  pressure  on 
the  stack  is  considered  as  being  concentrated. 
The  center  of  gravity  may  be  also  determined 
by  the  analytical  method  usually  employed. 
'fhe  amount. of  the  concentrated  wind  pres- 
sure on  square  chimneys  is  equal  to  the 
exposed  snrflEtoe  in  square  feet  multiplied  by 
56,  the  unit  pressure  in  pounds.  The  pres- 
sure on  a  round  stack  of  the  same  diameter 
is  only  half  as  much. 


The  leverage  with  which  the  wind  acts 
is  the  distance  from  the  base  to  the  center 
of  effort  of  the  wind,  and  the  product  of 
this  distance  by  the  force  of  the  wind  is  the 
overturning  moment  that  must  be  resisted. 

The  resistance  to  overturning  is  the  result 
of  several  factors.  One  is  the  weight  acting 
through  a  lever  arm  equal  to  the  distance 
from  the  center  of  gravity  of  the  base 
to  the  leeward  edge  or  side  of  the  stack 
around  which  the  stack  tends  to  tilt  or  turn. 
The  second  factor  of  resistance  is  the  adhe- 
sive strength  of  the  brick  and  mortar,  which 
acts  throughout  the  cross-section  of  the 
stack,  tending  to  prevent  rupture  in  the 
brickwork  and  the  overturning  of  the  por- 
tion above  the  point  of  rupture.  If  the 
modulus  of  rupture  of  brickwork  were 
a  determinate  factor,  the  section  of  the 
stack  could  be  considered  as  a  beam  section, 
and  its  resisting  moment  determined.  If  it 
is  necessary  to  consider  the  adhesive  strength 
of  the  brickwork  at  all,  the  safest  practice 
is  to  assume  a  low  allowable  unit  adhesive 
value,  say  from  7  to  10  pounds  per  square 
inch  for  lime  mortar,  and  consider  one-half 
of  the  stack  section  as  being  effective.  The 
adhesion  of  this  half  section  acts  with  a 
leverage  or  moment  about  the  leeward  side 
or  edge  of  the  stack.  The  leversge  being  the 
distance  from  the  center  of  gravity  of  the 
half  section  to  the  leeward  edge,  the  moment 
of  resistance  is  the  product  of  this  distance 
by  the  area  of  the  half  section  and  the  unit 
adhesive  value  of  the  brick  and   mortar. 

In  determining  the  stability  of  brick  stacks 
and  their  power  to  resist  the  overturning 
force  of  high  winds,  the  proportionate  rela- 
tion between  the  weight,  height,  breadth  of 
base,  and  exposed  area  of  the  chimney  may 
be  expressed  by  the  following  equation: 


PXhXdX^ 


=    W. 


Simplified,  this  equation  gives 

^^       ^   h   ' 
in  which 

W  =  weight  of  the  stack,  in  pounds; 
h  =  height,  in  feet; 
d  =  mean  width  of  the  stack,  in  feet; 
6    =  breadth  of  base,  in  feet; 
P  =  wind  pressure,  in  pounds  per  square 
foot  of  area. 
The  value  of  P  varies  with  the  cross-section 
of  the  chimney,  and  equals  56  for  a  square, 
35    for  an    octagon,  and    28   for   a   round 
chimney. 
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The  above  equation  is  simply  a  dedaction 
or  formulation  of  the  principles  as  previously 
given,  with  the  exception  that  the  center  of 
wind  effort  was  taken  at  one-half  the  height 
of  the  stack,  and  the  area  as  the  product  of 
the  mean  width  of  the  stack  by  its  height. 
These  assumptions  are  more  or  less  errone- 
ous, depending  on  the  shape  of  the  stack. 
The  equation  is,  however,  accurate  enough 
for  all  practical  purposes. 

In  applying  the  equation,  consider,  for 
example,  a  square  chimney  200  feet  high  and 
having  an  average  breadth  of  17  feet  and  a 
width  of  base  equal  to  20  feet.    The  weight 

W  of  the  stack  should  equal 


56  X^ 


200  X  200  X  17 


b  ' 


20 


which  gives  1,904,000 


pounds,  and  would  require  a  stack  whose 
walls  average  17  inches  in  thickness. 

The  thickness  of  the  brickwork  in  the 
chimney  will  also  depend  on  its  height,  and 
the  crushing  strength  of  the  material  must 
be  considered  as  well  aa  the  resistance 
against  the  overturning  tendency  of  the 
wind;  the  allowable  bearing  value  of  brick- 
work in  lime  mortar  being  taken  at  100 
pounds  per  square  inch.  The  thickness  of 
the  brickwork  at  the  top  of  chimneys  100 
feet  in  height  and  over  should  not  be  less 
than  13  inches  for  a  distance  of  30  feet  from 
the  top,  as  this  portion  of  the  chimney 
suffers  most  from  exposure  and  the  destruc- 
tive action  of  the  gases.  Adopting  this 
thickness  at  the  top,  it  is  good  practice  to 
increase  the  thickness  of  the  wall  4  J  inches 
for  every  20  feet  measured  downward. 

Brick  chimneys  subjected  to  great  heat, 
such  as  are  employed  in  incinerating  plants 
or  similar  works,  should  be  lined  with  fire- 
brick nearly  their  full  height.  Where  the 
chinmey  heat  is  comparatively  low,  as  is  the 
case  with  the  ordinary  boiler  plant,  the  fire- 
brick lining  need  extend  only  up  the  stack 
from  25  to  50  feet,  depending  on  the  height 
of  the  stack.  The  air  space  that  should 
exist  between  the  lining  and  the  stack  wall 
should  be  from  1^  to  3  inches,  and  should 
always  be  closed  at  the  top  with  a  sealing 
course,  to  prevent  soot  from  falling  into  the 
air  space.  If,  however,  the  chimney  is 
tapered  and  the  lining  course  straight,  it  will 
run  to  a  dose  at  the  top,  but  in  no  case 
should  the  firebrick  lining  be  attached  to  the 
brickwork  of  the  stack,  aa  it  is  imperative 
that  they  shall  be  entirely  free  of  each  other, 
in  order  that  they  can  expand  separately. 

Care  must  be  exercised  in  building  the 
openings  at  the  base  of  the  stack  for  the 


flues  and  dean-outs.  They  must  be  well 
arched,  and  in  good  work  should  be  pro- 
vided with  an  inverted  arch  that  will  trans- 
mit the  pressure  to  the  foundations.  The 
sides,  bottom,  and  top  of  all  such  openings 
should  be  lined  with  firebrick  and  the  inside 
edges  of  the  flue  rounded.  The  clean-outs 
should  be  provided  with  suitable  cast-iron 
doors  and  frames,  secured  to  the  brickwork 
with  binder  bolts.  The  (Joors  of  the  clean - 
outs  may  be  hinged  or  otherwise  arranged, 
so  that  they  may  be  conveniently  opened 
and  securely  closed.  The  size,  shape,  and 
number  of  the  dean-out  doors  is  optional, 
but  they  should  in  any  case  be  large  Plough 
to  admit  a  man. 

The  top  of  the  chimney  should  be  pro- 
tected by  a  cap  of  either  terra  cotta,  cast  iron, 
or  stone,  and  in  large  stacks  must  neces- 
sarily be  made  in  sections.  If  a  cast-iron 
cap  is  used,  the  several  sections  are  provided 
with  flanges  so  located  that  they  can  bt* 
readily  bolted  together  when  set  in  place 
on  the  top  of  the  stack.  One  of  the  prin- 
dpal  objections  to  cast  iron  for  this  pur- 
pose is  that  the  rust  unites  with  the  moist- 
ure and  runs  down  the  stack,  discoloring 
the  brickwork.  Such  an  objection,  however, 
is  not  serious,  and  as  the  top  of  the  stack  is 
usually  well  smoked  anyway,  cast-iron  caps 
are  much  favored. 

If  stone  or  terra-cotta  caps  are  used,  pro- 
vision must  be  made  to  secure  the  sections 
in  place  and  the  vertical  joints  so  arranged 
as  to  exclude  moisture,  thus  preventing  the 
danger  of  displacement  by  freezing. 

Capstones  should  be  carefully  selected; 
blue  sandstone  will  probably  be  the  most 
durable.  Limestones  should  not  be  used, 
as  they  are  liable  to  be  affected  by  the  sul- 
phuric acid  generated  by  the  gases  at  the 
chimney  top.  Granite  is  liable  to  split  with 
heat,  especially  when  cooled  suddenly,  as 
with  water,  and  could  only  be  used  with 
success  when  the  heat  is  low. 

Whether  the  cap  is  built  of  cast  iron, 
terra  cotta,  or  stone,  it  should  be  provided 
with  an  ample  overhang,  and  be  so  designed 
as  to  shed  and  drip  the  water  clear  of  the 
top  of  the  stack. 

The  protection  of  tall  chinmeys  with  light- 
ning rods  cannot  be  too  strongly  advised. 
It  has  been  conclusively  determined  that 
structures  of  greater  height  than  the  sur- 
roundings are  especially  susceptible  to  dam- 
age by  lightning,  and  that  the  destructive 
effect  of  the  stroke  is  greatly  ameliorated 
by  the  use  of  well-grounded  and  properly 
constructed  rods. 
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A  Historical  Resume  of  the  Earlier  Steps  in  the  Development  of* the  Theories 
Relating  to  the  Strength  of  Materia lii 


M£X)HANICS  of  materialfl  is  the  name 
commonly  given  to  the  theories  relating 
to  the  capabilities  of  material  bodies 
of  different  forms  to  resist,  under  various 
conditions,  the  effect  of  externally  applied 
farces  or  loads.  This  subject  is  now,  in  most 
of  its  aspects,  quite  thoroughly  understood, 
and  the  laws  relating  to  it  are  so  well  estab- 
lished as  to  enable  us  to  construct  large  and 
complicated  structures  and  machines  with 
absolute  safety  and  the  highest  possible 
degree  of  economy.  The  development  of 
this  very  important  science  is,  nevertheless, 
recent,  having  been  wholly  within  the  last 
two  centuries. 

Nearly,  if  not  all,  of  the  earlier  endeavors 
to  solve  the  problem  of  the  strength  of 
materials  were  directed  toward  the  investi- 
gation of  the  strength  of  solid  beams,  which 
was  finally  accomplished  by  Navier,  after 
several  attempts  in  which  he  went  quite 
astray.  About  the  year  1824  he  succeeded 
in  putting  the  mattcnr  on  a  solid  mathemat- 
ical basis,  and  established  for  all  time  the 
correct  approximate  theory  of  flexural  resist- 
ance. It  will  be  of  interest  to  follow  the 
various  steps  in  the  development  of  the 
science  leading  up  to  the  final  successful 
achievement  of  Navier. 

So  far  as  is  known,  Galileo  was  the  first 
to  attempt  to  propound  a  theory  for  the 
strength  of  material  bodies  of  any  form. 
His  fJEunous  Dialogues  (Leiden,  1638)  contain 
a  theory  for  the  strength  of  beams  which, 
though  proved  erroneous  by  the  more  recent 
development  of  greater  knowledge,  is  never- 
theless very  ingenious.  His  theory  was  based 
on  the  erroneous  assumption  of  absolute 
rigidity  of  the  material;  that  is,  he  assumed 
the  material  to  be  perfectly  rigid  and  inelas- 
tic, whereas  all  materials  are  now  believed 
to  be  more  or  less  elastic.  Assuming  a  con- 
dition of  perfect  rigidity  for  the  material,  he 
concluded  that  a  load  upon  the  outer  end  of 
a  beam  projecting  from  a  wall,  into  which 
the  opposite  end  was  firmly  imbedded,  tended 
to  rotate  the  beam  about  its  base  as  a  ful- 
crum, subjecting  the  fibers  to  a  uniform 
tension.    Computed  according  to  this  theory, 


a  beam  of  rectangular  cross-section  would 
have  just  three  times  the  strength  given  by 
the  theory  of  the  flexure  now  generally 
accepted.  Galileo's  theory,  though  errone- 
ous, was  an  important  step,  and  is  supposed 
to  have  been  the  first  step,  in'  the  develop- 
ment of  the  now  well-established  laws  rela- 
ting to  the  mechanics  of  beams. 

Forty  years  later,  or  in  1678,  Robert  Hooke 
first  published  his  now  famous  law  of  the 
relation  between  stress  and  deformation, 
which,  he  stated,  had  been  discovered  by 
him  eighteen  years  previously,  but  had  been 
kept  secret  in  order  to  procure  patents  on 
certain  applications  of  the  principle  to 
springs  for  watches,  clocks,  etc.  Three  years 
previously  he  had  performed  experiments  in 
the  presence  of  the  king  of  England,  illus- 
trating the  law.  He  had  also  previously 
ventured  to  publish  it  in  an  anagram  at  the 
end  of  another  book.    It  was  given  in  the 

form  .....  ^^       ,, 

*'ce%iinossitttu  »," 

which  by  some  system  of  interpretation  was 
made  to  read  ^*ut  tem'w  sic  vis,^^  a  Latin 
phrase  meaning,  ^^  as  the  extension  so  the  force ' '  ; 
that  is  to  say,  in  a  spring  acted  upon  by  an 
elongating  force  the  elongation  is  propor- 
tional to  the  force,  or,  stated  in  a  more 
general  sense,  the  deformation  in  a  body 
acted  upon  by  an  external  force  or  load 
is  proportional  to  the  force  causing  it. 
Hooke  considered  this  law  applicable  to  all 
''springy"  bodies,  naming  as  among  these 
nearly  all  ordinary  and  familiar  solids. 

The  announcement  of  this  important  law 
thus  embraced  two  distinct  principles  that 
have  stood  the  test  of  time  and  are  now  very 
generally  recognized  and  accepted: 

First  y  the  stress  is  proportional  to  the 
deformation.  This  law  is  now  universally 
accepted  as  true  of  any  material  within  the 
limit  of  its  elastic  resistance,  although  it  is 
also  known  that  there  is  for  every  material 
a  limit,  more  or  less  well  defined,  beyond 
which  the  ratio  between  stress  and  deforma- 
tion does  not  remain  constant,  the  defor- 
mation increasing  more  rapidly  than  the 
stress,  until  rupture  occurs. 
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Second,  among  the  materuds  to  which 
Hooke  ooDiidered  his  law  applicable,  that  is, 
which  he  considered  as  "springy''  bodies, 
he  included  nearly  all  ordinary  solids — 
possibly  aU  of  the  ordinary  solids  then 
known  whose  characteristic  properties  were 
familiar  to  him  and  to  which  it  had  occurred 
to  him  that  any  application  of  the  law  would 
be  desirable  or  practicable.  It  is  now 
believed  that  all  solids  are  elastic,  although 
it  is  well  known  that  the  degree  of  elasticity 
varies  greatly  in  different  solids. 

It  is  thus  evident  that  the  discovery  and 
announcement  of  this  law  embraced  two 
distinct  principles,  which,  though  imperfectly 
stated,  may  be  called  the  pioneers  of  what  is 
now  accepted  as  correct  theory.  To  do  this 
was  truly  a  great  achievement.  The  law, 
which  has  become  justly  fieunous,  is  still 
known  as  Hookas  law. 

The  next  step  in  the  development  of 
the  mechanics  of  beams  was  purely  experi- 
mental. In  1680,  Mariotte  showed  by  means 
of  experiments  that  the  fibers  on  one  side  of 
a  loaded  beam  were  extended  and  those  on 
the  other  side  compressed,  or  shortened. 
He  concluded  that  between  the  extended 
and  the  compressed  fibers  there  existed  a 
neutral  surfiiu^  in  which  the  fibers  were 
neither  extended  nor  compressed,  and 
oMumed  that  this  neutral  sur&oe  passed 
through  the  center  of  gravity  of  the  section. 
The  assumption  has  since  been  shown  to  be 
correct  when  the  stress  does  not  exceed  the 
limit  of  the  elastic  resistance  of  the  material. 

Had  Mariotte  proved  this,  it  would,  indeed, 
have  been  a  very  important  step  in  the 
development  of  the  mechanics  of  materials. 
But  even  if  Mariotte  did  not  prove  it,  he 
interpreted  his  experiments  correctly;  and 
although  he  did  not  demonstrate  completely 
his  theory  relating  to  the  flexure  of  beams, 
yet  in  deference  to  its  statement  of  what  is 
now  acknowledged  to  be  true  principle,  it  is 
sometimes  called  Mariotte^ s  law.* 

Some  progress  was  made  in  1702,  when 
Varignon  attempted  to  harmonize  the 
theories  of  Galileo  and  Mariotte.  He  ac- 
cepted the  latter' 8  theory  of  the  extension 
of  the  fibers,  but,  by  neglecting  their  com- 
pression, located  the  neutral  surface  on  the 
compressive  side  of  the  beam,  as  Galileo  had 
done,  and  assumed  the  tensile  stress  to  vary 
uniformly  from  this  to  the  opposite  side  of 
the  beam.    According  to  this  theory,  the 


*ThI«  should  not  be  confUmHi  with  the  well-known 
law  of  the  relation  between  the  volume  and  prenure 
of  gases  propounded  by  the  same  Rreat  physicist, 
which  is  commonly  known  a^  Marintie's  law. 


Strength  of  a  solid  rectangular  beam  would . 
be  just  twice  its  strength  as  given  by  the  com- 
monly accepted  theory  of  flexure.  Though 
this  attempt  was  quite  erroneous  as  a  whole, 
it  contained  an  element  of  progress  in  the 
idea  of  the  stress  increasing  uniformly  from 
zero  at  the  neutral  surface  to  a  maximum 
intensity  in  the  fibers  most  remote  from  that 
surface. 

Between  1694  and  1705,  James  Bemonilli 
effected  some  advance  in  the  theory  of  the 
mechanics  of  materials  by  applying  Mariotte' s 
law  to  obtaining  the  deflection  of  beams, 
but  committed  tiie  great  error  of  assuming 
the  position  of  the  neutral  surface  to  be  a 
matter  of  indifference.  He  also  denied  the 
truth  of  Hooke' s  law,  which  seems  remark- 
able, as  he  was  the  first  to  construct  what 
are  known  as  stress-strain  curves,  showing 
graphically  the  relation  between  stress  and 
deformation.  His  ideas  were  progressive, 
but  they  were  also  somewhat  erroneous. 

That  the  laws  of  mechanics  show  the 
necessity  of  a  condition  of  equilibrium 
between  the  tensile  and  compressive  stresses 
seems  to  have  been  first  perceived  by  a 
French  academician  by  the  name  of  Parent, 
about  the  year  1713;  but  this  discovery, 
though  of  greatest  importance,  appears  to 
have  passed  unnoticed  at  the  time.  Sixty 
years  afterward,  or  in  1773,  the  principle 
was  reannounced  by  Coulomb,  in  a  memoir 
to  the  French  Academy.  The  discovery  of 
the  principle  was  probably  the  result  of 
original  work  on  the  part  of  Coulomb,  as 
he  had  probably  never  seen  Parent's  work. 
But  even  after  tiie  second  publication  of  this 
principle,  which  is  one  of  the  most  impor- 
tant truths  relating  to  the  mechanics  of 
bodies  subjected  to  transverse  loading,  there 
existed  much  misconception  regarding  it, 
and  several  well-known  writers  of  the  sub- 
sequent time,  in  endeavoring  to  explain  the 
strength  of  beams,  failed  to  discern  the  true 
mathematical  necessities  of  the  problem,  and 
as  a  consequence  gave  forth  theories  that 
were  quite  erroneous. 

Navier,  whose  labors  in  this  field  extend 
from  1820  to  1833,  appears  to  have  been  the 
first  to  comprehend  clearly  the  principles 
relating  to  the  strength  and  deflection  of 
beams.  His  efforts  were  for  a  while  some- 
what erroneous,  however,  and  the  first  and 
second  editions  of  his  published  work  con- 
tain errors  of  considerable  importance.  But 
in  1824  he  developed  a  correct  and  complete 
mathematical  theory  for  the  strength  of 
beams,  based  on  a  clear  and  accurate  dis- 
cernment of  the  conditions  of  the  problem  as 
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now  understood.  He  also  perfected  the 
theory  of  the  deflection  of  beams  and  devel- 
oped the  equations  of  the  elastic  curve. 
Navier  has  thus  the  distinguished  honor  of 
having  established  on  a  solid  foundation  the 
modem  mathematical  theory  of  the  elasticity 
and  flexural  resistance  of  beams,  which  by 
his  followers,  Saint  Venant,  Lam^,  and 
Boussineeq,  has  been  elaborated  and  applied 
to  voy  complex  problems.  The  first  named , 
a  student  of  Navier* s,  in  his  notes  od  Navier' s 
LecffWi  (1857),  has  given  a  complete  analysis 


of  the  streugth  of  a  beam,  both  within  the 
limit  of  its  elastic  resistance  and  at  rupture. 
Of  this  great  engineer,  physicist,  and  teacher 
it  has  been  said  that  he ''  has  done  more  than 
any  other  one  to  bring  theory  and  practice 
into  harmony,  and  to  put  both  on  a 
thoroughly  scientific  basis,  so  far  as  the 
strength  and  elasticity  of  engineering  materi- 
als is  concerned. ' '  It  appears,  however,  that 
Saint  Yenant  himself,  with  the  modesty  of  a 
true  savant,  accredited  his  great  work  largely 
to  his  teacher  Navier. 


ARMATURE  CORES  AND  SLOTS 


Alton  D.  Adams 


Choice  of  Material— Insulation  of  Disks — Punched  Slots — Milled  Slots — Milling 

Gutters 


THE  armature  core  is  one  of  the  most 
important  elements  in  a  dynamo  or 
electric  motor.  However  perfect  the 
machine  may  be  in  other  parts,  a  material 
defect  in  the  design  or  construction  of  the 
armature  core  renders  it  of  little  value.  If 
an  unsuitable  iron  is  used  for  the  disks,  or  if 
they  are  not  properly  insulated  from  each 
other,  the  heat  loss  in  the  core  is  so  great 
as  to  seriously  affect  the  efficiency  and  to 
endanger  the  life  of  the  machine  by  the 
destruction  of  the  cotton  and  paper  insula- 
tion of  the  armature  windings.  If  the  num- 
ber of  armature  slots  is  too  small,  there  is  a 
decided  tendency  toward  sparking  at  the 
conunutator.  If  the  slots  are  very  wide, 
there  is  serious  heating  in  the  pole  pieces, 
unless  they  are  also  made  of  sheet  metal. 

The  selection  of  armature  iron  is  to  a  large 
extent  a  matter  of  trial.  It  is  quite  certain 
that  a  good  iron  for  the  purpose  will  be  very 
low  in  carbon  and  impurities,  and  also  soft 
and  tough,  mechanicaUy;  but,  irons  very 
near  together  in  these  particulars  are  known 
to  give  quite  different  results  as  to  heat  in 
armature  cores.  Very  soft  steel  sheets  have 
been  much  used  by  some  dynamo  makers, 
but  the  beet  grades  of  iron  sheets  are  more 
apt  to  prove  satisfactory  in  a  case  where  each 
material  is  of  untried  quality.  All  sheets 
should  have  their  scale  removed. 

Before  final  mounting  on  the  armature 
shaft  the  disks  should  be  covered  with  an 
insulating  compound  by  dipping  or  painting 
with  linseed  oil,  japan,  or  other  suitable 
liquid.     This  insulation  should  be  dried. 


either  by  the  exposure  of  the  disks  in  an 
oven  or  for  a  longer  time  in  the  open  air. 
The  thicknesses  of  armature  disks  in  common 
use  vary  from  .02  to  .025  inch,  but  thinner 
iron  is  used  in  some  cases,  especially  for 
machines  of  the  alternating-current  type. 
If  the  iron  used  is  too  thick,  the  heat  loss 
is  increased;  if  thinner  than  is  necessary, 
the  labor  of  handling  is  increased,  and  the 
room  taken  by  the  successive  layers  of  insu- 
lation materially  reduces  the  amount  of  iron 
that  can  be  put  into  the  given  space.  The 
outside  as  well  as  the  center  hole  of  arma- 
ture disks  is  now  usually  cut  in  a  press,  but 
may  be  formed  with  circular  shears  in  some 
cases.  As  the  cost  of  a  press  and  the  neces- 
sary dies  is  considerable,  builders  that  con- 
template the  manu&cture  of  one  or  even  a 
few  dynamos  or  motors  only,  often  prefer  to 
get  their  armature  disks  ready-made.  There 
are  several  makers  of  plain  round  disks  for 
armature  purposes,  but  no  one,  so  far  as 
the  writer  is  aware,  is  prepared  to  furnish 
toothed  or  slotted  disks.  The  large  manu- 
facturers of  electrical  machinery  have,  of 
course,  their  own  presses  and  dies  for  their 
particular  forms  of  armature  slots,  but  their 
disks  are  not  for  sale. 

The  best  course  open  to  the  manufacturer 
that  makes  only  a  few  electrical  machines, 
as  for  connections  to  his  other  products,  is  to 
buy  plain  disks  of  the  required  diameter  and 
mill  out  the  slots  to  suit  his  designs,  when- 
ever this  is  possible.  While  the  cost  of  mill- 
ing is  somewhat  more  than  that  of  punching 
slots  in  armature  disks,  when  once  a  proper 


Digitized  by 


v^oogie 


36 


ARMATURE  CORES  AND  SLOTS 


press  and  dies  are  secured  the  difference  is 
not  so  great  as  to  prevent  extended  use  of 
the  milling  process  among  the  smaller  elec- 
trical manufactorers.  The  forms  of  slots  in 
armature  disks  do  not,  in  all  cases,  permit 
the  use  of  milling  cutters,  and  this  has  been 
much  more  commonly  the  case  in  the  past 
than  at  the  present  time.  Armature  slots 
may  broadly  be  divided  into  three  kinds: 
those  with  straight  sides  and  the  same  width 
from  top  to  bottom;  those  whose  sides  curve 
or  turn  before  reaching  the  periphery  of  the 
disk,  so  as  to  be  narrower  there  than  else- 
where; and  those  that  pass  through  the 
disks  below  their  edges,  so  as  to  leave  a 
continuous  outside  surface.  The  first  form 
of  slot  can  readily  be  cut  in  the  milling  ma- 
chine— ^the  others,  obviously,  cannot.  Slots 
of  the  two  last  named  kinds,  that  require 
to  be  punched,  were  thought,  some  years 
since,  to  possess  decided  advantages,  but 
good  design  has  tended  more  and  more  to 
the  slot  with  straight  sides  extending  to  the 
armature  periphery.  It  has  not  been  found 
practical  to  punch  the  complete  number  of 
slots  in  an  armature  disk  at  one  stroke  of  the 
press,  partly  owing  to  the  great  cost  of  the 
necessary  dies  and  their  frequent  breakage, 
though  this  method  of  work  was  at  one 
time  followed  to  some  extent. 

The  standard  practice  in  punching  slots 
now  is  to  cut  one  or  a  small  group  of  slots  at 
each  stroke,  and  revolve  the  disk,  between 
strokes,  about  a  center  fixed  to  an  index  to 
give  the  proper  spacing.  It  is  not  hard  to 
see  that  this  process  for  cutting  slots  involves 
some  tendencies  to  error  in  slot  spacings,  and 
as  a  matter  of  fact  some  large  manufacturers 
have  found  it  desirable  to  use  filing  machines 
to  bring  the  sides  of  slots  into  line  after  the 
disks  are  assembled  in  the  core. 

It  is  highly  important  that  the  sides  of 
slots  in  the  completed  core  present  no  edges 
of  individual  disks  out  of  line  with  the  slot 
sides,  as  the  insulation  of  armature  coils, 
being  lai^ely  paper  and  cotton  material,  is 
apt  to  be  cut  through  by  sharp  or  rough 
edges,  especially  as  coils  must  fit  the  slots 
tightly,  and  the  operation  of  the  machine 
thereby  ruined. 

Milled  slots,  when  the  work  is  properly 
done,  are  not  subject  to  the  necessity  of 
filing  in  order  to  secure  smooth  sides,  and 
some  compensation  is  here  obtained  for  the 
extra  cost  of  milling.  In  order  to  mill  the 
slots  in  an  armature  core,  the  disks  with 
their  end  plates  complete  should  be  mounted 
on  a  8{»ecial  mandrel  prepared  for  the  pur- 
pose.   This  mandrel  should  be  little  more 


than  long  enough  to  mount  the  complete 
core,  so  as  to  be  stiff  under  the  action  of  the 
cutter.  The  disks  should  be  fairly  tight  on 
the  sides  of  the  key  in  the  mandrel,  as  any 
looseness  here  is  multiplied  a  number  of 
times  at  the  slots  when  the  disks  are  assem- 
bled on  the  armature  shaft.  The  mandrel 
should  be  provided  with  a  shoulder  near  one 
end  and  three  or  four  inches  of  thread  beyond 
the  key  at  the  other,  so  that  the  armature 
disks  and  end  plates  may  be  crowded 
together  between  the  shoulder  and  a  screw 
collar  on  the  mandrel  thread. 

The  mandrel  and  armature  being  properly 
mounted  on  the  miller,  with  an  index  head 
corresponding  to  the  required  number  of 
armature  slots,  the  cutter  can  beset  at  work. 
The  question  of  milling  cutters  for  armature 
slotting  is  of  some  importance,  as  cutters 
wear  much  faster  on  this  work  than  in  solid 
metal,  owing  to  the  traces  of  scale  and 
impurities  on  the  surfaces  of  the  many  disks 
that  go  to  make  up  a  core.  The  slots  in 
common  use  are  mostly  from  ^^  inch  to  i 
inch  wide,  and  from  i  inch  to  1  ^  inches  deep, 
slots  usually  being  from  two  to  four  times 
as  deep  as  wide.  Side  milling  cutters  work 
well  for  these  slots  and  have  been  much 
used,  the  idea  being  that  a  plain  cutter  witli 
smooth  sides  would  be  apt  to  stick,  espe- 
cially as  it  is  customary  to  cut  the  entire  depth 
of  a  slot  at  once.  Experience  has  shown, 
however,  that  the  plain  cutter,  ground  for 
a  good  side  clearance,  is  well  suited  to  mill 
armature  slots,  and  its  lower  cost  gives  it  a 
preference  over  the  side  cutter.  A  rather 
slow  speed  for  the  cutter  and  a  good  rate  of 
feed  for  the  armature  core  have  been  found 
best  suited  to  the  work,  and  as  a  matter  of 
economy  in  production  several  machines 
should  be  kept  at  work  by  one  attendant, 
since  a  cutter  will  usually  require  from  15 
to  45  minutes  to  cut  a  slot,  and  requires  no 
aid.  After  the  slots  have  been  completed 
and  the  disks  taken  from  the  mandrel,  it 
will  usually  be  found  necessary  to  run  one 
side  of  each  disk  over  an  emery  wheel  to 
remove  a  burr  that  would  otherwise  make 
an  electrical  contact  with  the  next  disk  when 
on  the  armature  shaft.  When  the  disks  are 
assembled  on  the  armature  shaft  it  is  impor- 
tant to  keep  the  slots  in  line  as  the  disks  go 
on,  as  there  is  very  apt  to  be  a  little  play  on 
the  key,  and  it  is  very  hard  to  line  up  the 
slots  after  the  disks  are  all  on. 

The  slots  may  be  easily  kept  in  line  by 
using  a  round  rod  of  drawn  steel,  whose 
diameter  is  the  same  as  slot  width,  for  a 
liner  in  the  slots. 
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A  GREAT  DISCOVERY 


George  McC.  Robson,  M.  A. 


The  Hypothesis  of  Universal  Gravitation — A  Body  Does  Not  Necessarily  Have  a 
Ckxtbr  of  Gravity— Attraction  of  Spheres  and  Spheroids 

What  if  the  sua 
Be  center  to  the  world;  and  other  stars, 
By  his  attractive  virtae  and  their  own 
Incited,  dance  about  him  various  rounds  ? 

—MilUm. 


In  the  first  eleven  sections  of  the  Prin- 
cipia,  of  which  we  have  given  an  outline, 
Newton  established  a  lai^ge  number  of  very 
interesting  theorems  relating  to  the  motions 
of  particles;  but  if,  in  the  lunar  theory /the 
earth  and  moon  are  treated  as  particles, 
their  diameters  must  be  regarded  as  being  so 
small  as  to  be  n^ligible  in  comparison  with 
the  distance  between  them.  The  distance 
between  the  earth  and  the  moon  is,  how- 
ever, only  about  thirty  times  the  earth's 
diameter;  and  manifestly,  therefore,  any 
result  obtained  by  regarding  these  bodies  as 
particles  can  claim  to  be,  at  best,  but  an 
nnsatiafactory  approximation.  If  there  be 
any  mathematics  worthy  of  study  for  its 
own  sake  and  apart  from  any  practical 
application  of  it,  the  opening  sections  of  ^e 
Prindpia  should  be  read  by  students  of 
mathematics  for  the  power  of  geometrical 
reasoning  therein  exhibited,  and  for  the 
mathematical  elegance  of  the  solutions.  But 
these  sections  do  not  stand  alone,  and  their 
interest  is  not  theoretical  merely;  the  the- 
orems of  these  sections  are  only  the  prelude 
to  the  yet  more  remarkable  propositions  in 
which  Newton  passed  from  the  domain  of 
approximation  into  the  region  of  mathe- 
matical exactitude,  by  an  investigation  of 
the  attractions  of  rigid  bodies  in  which 
account  is  taken  of  the  dimensions  of  the 
bodies. 

The  twelfth  section  of  the  Principia  is 
on  the  attractions  of  spherical  bodies.  The 
first  proposition  of  this  section  (the  seven- 
tieth proposition  of  the  Principia)  is:  7/  to 
the  serercU  paints  of  a  spherical  surface  there 
tend  equal  forces  varying  inversely  as  the  Sfpjtare 
of  the  distance^  the  resultant  attraction  on  a 
particle  placed  anywhere  within  the  spherical 
sfurface  is  nothing. 

In  elucidation  of  the  enunciation  of  this 
proposition  it  may  be  necessary  to  state  that 
the  forces  tending  to  two  points  are  equal,  if 
a  particle  equidistant  from  the  two  points 
is  equally  attracted  toward  each  of  them. 


The  proposition  may  be  stated  in  the  follow- 
ing equivalent  form:  A  uniform  spherical 
shell  of  matter  atiraxAing  according  to  the  law  of 
nature  exercises  no  residtant  aUra^tion  on  any 
internal  particle. 

It  is  remarkable  that  the  law  of  nature  is 
the  only  law  for  which  a  uniform  spherical 
shell  produces  no  resultant  attraction  on 
an  internal  particle,  a  principle  that  is  very 
important  in  electrostatics. 

The  seventy-first  proposition  is:  Under  the 
same  conditions,  the  resultant  attraction  of  a 
uniform  spherical  shell  on  an  external  particle 
varies  inversely  as  the  square  of  the  distance 
of  the  particle  from  the  center  of  the  sphere. 
From  these  two  propositions  Newton  easily 
shows  that,  if  the  attraction  due  to  each 
particle  varies  inversely  as  the  square  of  the 
distance,  a  sphere  composed  of  uniform 
material,  or  a  sphere  of  various  materials 
arranged  in  uniform  concentric  strata, 
attracts  external  bodies  as  if  .its  whole  mass 
were  concentrated  at  its  center.  Hence,  it 
follows  also  that  terrestrial  gravity  is  max- 
imum at  the  surface  of  the  earth,  and  dimin- 
ishes as  we  depart  from  the  earth's  surface 
either  upward  or  downward.  Above  the 
surface,  gravity  varies  inversely  as  the  square 
of  the  distance  from  the  earth's  center.  If 
we  suppose  the  earth  to  be  of  uniform  den- 
sity throughout,  a  miner  in  a  deep  mine  is 
inside  a  spherical  shell  which  exercises  no 
attraction  on  him,  and  his  weight,  there- 
fore, is  due  to  the  attraction  of  a  portion 
only  of  the  earth— namely,  the  smaller 
sphere  of  which  his  distance  from  the  earth's 
center  is  the  radius.  A  miner,  then,  should 
weigh  less  at  the  bottom  of  a  mine  than  he 
weighs  at  the  surface;  but,  if  he  should 
attempt  to  verify  this  statement  by  experi- 
ment, and  were  to  weigh  himself  at  the 
surface  and  at  the  bottom  with  an  ordinary 
balance  and  some  of  those  masses  of  iron 
usually  called  weights,  he  would  detect  no 
diminution  of  his  weight.  A  moment's 
reflection,  however,  shows  that  the  attempted 
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test  is  no  teat  at  all,  for  these  so-called  weights, 
in  descending  the  mine,  diminish  in  weight 
exactly  at  the  same  rate  as  the  miner's  own 
weight  diminishes.  If  the  mine  were  deep 
enough,  the  loss  of  weight  could  he  detected 
hy  a  spring  balance,  but  the  best  verification 
of  the  statement  is  by  means  of  pendulum 
experiments.  If  the  earth  were  a  uniform 
sphere,  gravity  below  the  surface  would  be 
directly  proportional  to  the  distance  from 
the  center. 

In  the  seventy-sixth  proposition,  Newton 
shows  that,  if  the  attraction  due  to  every 
particle  varies  inversely  as  the  square  of 
the  distance,  two  uniform  spheres,  or  two 
heterogeneous  spheres,  each  consisting  of 
uniform  concentric  strata,  attract  each  other 
as  if  the  whole  mass  of  each  sphere  were 
concentrated  at  its  center.  In  the  nine 
corollaries  to  this  proposition  he  points  out 
in  detail  that  the  propositions  established 
in  the  preceding  sections  for  the  motions 
of  particles  are  applicable  to  the  motion  of 
such  spheres. 

Propositions  seventy-seven  and  seventy- 
eight  prove  that  two  uniform  spheres,  or 
two  heterogeneous  spheres  consisting  of 
uniform  concentric  strata,  when  the  attrac- 
tion due  to  each  particle  varies  directly  as 
the  distance,  attract  each  other  as  if  the 
whole  mass  of  each  sphere  were  concentrated 
at  its  center.  The  law  of  the  inverse  square, 
and  the  law  of  the  direct  distance  are  the 
only  laws  of  force  for  which  such  a  sphere 
attracts  an  external  particle  (or  another 
such  sphere)  as  if  the  whole  mass  of  the 
attracting  sphere  were  concentrated  at  its 
center. 

These  three  propositions  include  the  most 
important  cases  of  attraction  of  spherical 
bodies;  the  remaining  propositions  of  the 
twelfth  section  treat  of  the  general  case  of 
the  attraction  of  a  homogeneous  sphere  on 
an  external  particle  under  any  law  of  force. 
It  has  been  maintained  that  the  Newtonian 
method  of  attacking  these  problems  is  as 
powerful  and  effective  as  the  analytical 
method;  but  really  the  best  method,  in  this 
as  in  other  departments  of  mathematics,  is 
a  judicious  blending  of  the  geometrical  with 
the  analytical  method;  so  that  each  is 
illuminated  by  the  other.  So  long  as 
geometry  and  algebra  were  kept  distinct, 
little  progress  was  made  in  either,  but 
since  their  recent  happy  alliance  they  have 
advanced  together  with  giant  strides. 

These  beautiful  and  extremely  important 
propositions  were  discovered  by  Newton 
either  in  January  or  in  February,  1685.    We 


know,  from  his  own  words,  that  he  had  not 
anticipated  that,  for  the  law  of  the  inverse 
square,  spherical  bodies  would  be  found  to 
attract  each  other  as  if  each  were  concen- 
trated at  its  center,  until  this  result  emerged 
from  his  mathematical  investigation.  Then 
he  realized  for  the  first  time  that  the 
theorems  of  the  preceding  sections,  when 
applied  to  the  solar  system,  would  give  not 
mere  rough  approximations,  but  results 
mathematically  exact,  except  for  a  slight 
correction  to  be  applied  because  the  bodies 
of  the  solar  S3rstems  are  not  exact  spheres. 
But  Newton  would  not  rest  even  with  this 
high  achievement;  this  striking  success 
inspired  him  to  investigate  the  correction  to 
be  applied  on  account  of  the  deviation  of  the 
heavenly  bodies  from  true  spheres,  in  order 
that  mathematics  might  be  applied  to  the 
actual  problems  of  astronomy  with  absolute 
precision. 

Accordingly,  in  the  thirteenth  section  of 
the  Principia,  he  grapples  with  the  problem 
of  the  attraction  of  non-spherical  bodies. 
The  most  important  propositions  in  this 
section  are  those  relating  to  the  case  of 
spheroids  that  differ  but  little  from  spheres. 
'  We  shall  have  occasion  later  to  speak  of  the 
truly  marvelous  sagacity  he  displayed  in 
applying  these  results  to  the  determination 
of  the  shape  of  the  earth,  to  the  explanation 
of  the'  tides,  and  to  the  explanation  of  the 
cause  of  the  precession  of  the  equinoxes  and 
the  determination  of  its  amount. 

The  fourteenth  and  concluding  section,  of 
the  first  book,  contains  propositions  relating 
to  the  motion  of  minute  corpuscles;  these 
propositions  are  of  importance  in  Newton's 
theory  of  light,  but  have  no  bearing  on  the 
theory  of  gravitation,  and,  therefore,  we 
shall  not  enumerate  or  discuss  them.  Nor 
shall  we  enter  upon  any  analysis  of  the 
second  book,  which  deals  with  the  motion 
of  bodies  in  resisting  media. 

Before  taking  up  the  consideration  of  the 
third  book,  in  which  the  principles  estab- 
lished in  the  first  book  are  applied  to  the 
actual  problems  of  the  universe,  it  will  be 
helpful  to  make  some  remarks  that  will 
indicate  briefiy  what  Newton  had  accom- 
plished in  the  first  book.  We  shall  define 
more  clearly  the  meanings  of  some  of  the 
'  terms  employed,  and  we  shall  state  clearly 
what  Newton  assumed  and  what  conse- 
quences he  had  shown  would  necessarily 
follow  if  those  assumptions  were  true.  In 
studying  the  history  of  such  investigations 
as  Newton's,  there  is  always  a  danger  of 
mixing  up  nineteenth-centiury  science  with 
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the  older  science;  and  the  student,  through 
iDAbility  to  keep  clearly  in  mind  the  fact 
that  the  disooveriee  of  the  seventeenth  cen- 
tury could  not  have  been  derived  from  the 
scientific  knowledge  of  the  nineteenth  cen- 
tury, frequently  fiuls  to  appreciate  the 
importance  and  the  relation  of  the  several 
steps  that  led  to  a  discovery.  No  doubt 
some  of  our  readers  have  outstripped  our 
narrative,  and  have  long  since  completed  the 
discovery  and  the  demonstration  of  the  law 
of  universal  gravitation,  and  have  possibly 
discovered  a  good  deal  that  would  surprise 
Sir  Isaac  Nevrton  not  a  little. 

In  any  science  it  is  absolutely  essential 
that  the  terms  employed  shall  be  clearly 
defined,  so  that  there  shall  be  no  room  for 
ambiguity;  otherwise  the  very  words  we 
employ  to  assist  in  developing  the  science 
may  themselves  lead  us  into  serious  error. 
But  this  definition  of  a  term  that  is  required 
for  scientific  purposes  is  not  to  be  con- 
founded with  the  complete  philosophical 
analysis  of  the  nature  of  the  thing  repre- 
sented by  the  term.  A  philosophical  defini- 
tion of  number  is  not  a  necessary  preliminary 
to  the  science  of  arithmetic,  nor  is  a  correct 
definition  of  life  a  requisite  condition  for  the 
first  beginnings  of  the  science  of  medicine; 
there  are  some  expert  arithmeticians  that 
could  not  define  number,  and  there  may  be 
doctors  licensed  to  practice  medicine  to 
whom  a  philosophical  definition  of  life 
would  convey  no  more  meaning  than  the 
hieroglyphics  on  an  Egyptian  monument. 
It  is  fortunate  that  philosophical  definitions, 
however  important  and  valuable,  are  not 
essential  to  science,  at  least  in  its  beginnings; 
for  the  philosophers  have  never  been  able  to 
agree  on  the  definitions  of  some  of  the  things 
that  lie  at  the  very  foundation  of  all  science. 
The  definitions  we  are  about  to  discuss,  then, 
do  not  pretend  to  be  philosophical  defini- 
tions; but  merely  such  specification  and 
explanation  of  the  meanings  of  words  as 
will  insure  that,  when  two  people  use  the 
same  word  it  shall  suggest  the  same  idea  to 
both,  assuming  that  both  have  the  idea. 
To  illustrate  what  we  mean,  we  may  sup- 
pose an  Englishman  and  a  Frenchman  to 
meet  somewhere;  both  of  them  possess  the 
idea  that  corresponds  to  the  English  word 
number;  but,  before  they  can  communicate 
numerical  ideas  to  each  other,  it  is  necessary 
that  one  of  them  should  learn  what  sounds 
or  written  symbols  call  up  those  ideas  to 
the  mind  of  the  other. 

Matter  is  known  to  us  by  our  sense- 
perception  of  some  of  its  properties — such 


as  extension,  hardness,  and  resistance;  a 
body  is  a  limited  portion  of  matter.  The 
first  definition  of  the  Principia  is:  The 
quantity  of  matter  in  a  body  is  equal  to  the 
product  of  its  volume  and  density,  Newton's 
illustration  of  this  definition  is  that,  if  one 
body  of  air  is  twice  as  dense  and  occupies 
twice  as  much  space  as  another  body  of  air, 
the  quantity  of  air  in  the  first  is  twice  as 
great  as  that  in  the  second.  In  further 
comments  he  says  that  the  term  mass  is 
synonymous  with  the  phrase  quantity  of 
matter.  We  have  here  a  dear  statement  of 
the  relation  between  mass  and  density;  so 
that,  if  there  is  any  method  of  measuring 
mass,  this  definition  supplies  a  method  of 
measuring  density.  The  term  mass,  how- 
ever, cannot  be  used  as  in  the  Principia 
unless  it  is  possible  to  define  what  is 
meant  by  equality  of  masses;  for  without 
this  definition  masses  cannot  be  measured 
or  represented  by  numbers,  and  therefore 
cannot  be  dealt  with  algebraically. 

So  long  as  we  are  dealing  wiUi  only  one 
kind  of  matter  there  is  no  difficulty  in 
interpreting  the  statement  that  two  bodies 
A  and  B  contain  equal  quantities  of  matter. 
It  is  evident,  from  Newton's  illustration, 
that  the  equality  of  the  masses  of  A  and  B 
cannot  be  tested  by  measuring  their  vol- 
umes; unless,  indeed,  these  are  measured 
under  exactly  similar  conditions  with  respect 
to  the  things  that  would  cause  a  change  in 
the  volume  of  a  body.  The  precautions 
adopted  to  secure  uniformity  in  this  respect 
are  never  perfectly  effiective;  and,  in  some 
cases,  unavoidable  alterations  in  the  circum- 
stances produce  a  considerable  variation  in 
the  volume  of  a  body.  On  the  other  hand, 
the  weight  of  a  body,  determined  with  due 
precautions  and  at  the  same  place,  is  always 
sensibly  the  same;  and,  therefore,  for  prac- 
tical purposes  the  equality  of  the  masses  Of 
A  and  B  can  be  tested  by  weighing.  Though 
the  masses  of  A  and  B  may  be  compared  by 
means  of  their  volumes  or  their  weights,  yet 
the  mass  of  the  body  A  is  neither  its  volume 
nor  its  weight;  the  mass  of  .4  is  invariable, 
however  its  volume  or  its  weight  may  alter 
with  circumstances. 

If  all  apparently  different  kinds  of  matter 
were  composed  of  some  single  substance, 
and  any  kind  of  matter  might  conceivably 
be  converted  into  any  other  kind,  any  two 
bodies  containing  equal  amounts  of  this 
fundamental  substance  would  have  equal 
masses,  and  a  real  equality  of  quantity  of 
matter  between  air  and  steel  would  be  possi- 
ble.   If  this  theory  of  matter  is  correct,  the 
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alchemists'  dream  of  transmutiBg  the  baser 
metals  into  gold  may  yet  be  realized. 

Apart  from  some  such  hypothesis  there 
can  be  no  real  equality  of  quantities  of  mat- 
ter of  different  kinds.  It  is  necessary,  there- 
fore, to  consider  whether  Newton's  theory  of 
matter,  though  not  referred  to  in  the  defini- 
tions of  the  Prindpia,  throws  any  light  on 
this  question.  His  idea  of  the  constitution 
of  matter  was:  *'It  seems  probable  that 
(iod,  in  the  beginning,  formed  matter  into 
solid,  hard,  impenetrable  particles,  of  such 
sizes,  figures,  and  with  such  other  proper- 
ties, and  in  such  proportions  to  space,  as 
most  conduced  to  the  end  for  which  he 
formed  them;  these  primitive  particles,  being 
solid,  are  incomparably  harder  than  any 
porous  body  composed  of  them;  even  so 
hard  as  never  to  wear  or  break  in  pieces,  no 
ordinary  power  being  able  to  divide  what 
Grod  himself  had  made  one  in  the  first  crea- 
tion. "  It  is  not  easy  to  see  how  this  doctrine 
could  lead  to  the  idea  that  any  real  equality 
exists  between  quantities  of  matter  of  differ- 
ent kinds;  nor  does  Newton  employ  it  to 
explain  how  masses  of  different  kinds  may 
be  compared.  It  appears,  then,  that  a  sat- 
isfactory method  of  estimating  equality  of 
masses  cannot  be  obtained  from  the  first 
definition  of  the  Principia,  even  by  reading 
into  it  Newton's  conception  of  the  consti- 
tution of  matter.  Newton's  final  comment 
on  this  definition  is  that  mass  is  proportional 
to  weight,  as  he  had  proved  by  experiments, 
which  are  described  in  the  third  book  of  the 
Principia.  The  proportionality  of  weight 
and  mass  is  not  given  as  an  assumption  or  a 
definition,  for  he  says  distinctly  that  he  had 
proved  it  experimentally. 

The  justification  of  the  use  made  of  the 
term  mass  throughout  the  Principia  not  being 
found  in  the  first  definition,  we  shall  seek  to 
discover  it  by  examining  the  third  definition 
in  the  light  of  one  of  the  rules  by  which 
Newton  professes  to  be  guided,  which  is: 
Any  property  that  admits  neither  of  increase 
nor  of  decrease  of  degree,  and  is  found  to 
pertain  to  all  bodies  within  reach  of  our 
experiments,  is  to  be  esteemed  a  property 
of  all  bodies;  this  is  the  foundation  of  all 
philosophy,  for  the  properties  of  bodies  are 
known  to  us  through  our  senses  and  not 
by  our  reason.  As  far  as  possible,  there- 
fore, we  must  avoid  embodying  theories  in 
the  definitions  of  the  properties  of  matter. 
We  know  by  experience  that  force  must  be 
applied  to  a  body  at  rest  to  set  it  in  motion, 
and  force  is  also  necessary  to  bring  a  moving 
body  to  rest.     Hence,  in  the  third  definition 


Newton  says  that  every  body  possesses  a 
property  called  inerUa^  which  is  a  capacity 
for  resisting  any  effort  to  change  its  state  of 
motion.  This  property  affords  a  method  of 
comparing  quantities  of  matter  of  the  same 
kind  without  reference  to  weight  or  volume; 
for  it  is  evident  that  two  bodies  of  the  same 
kind  have  equal  masses  if  they  receive  equal 
changes  of  motion  from  the  application  of 
the  same  force.  It  is  known  by  experiment 
that  a  spring  compressed  to  less  than  its 
natural  length  exerts  force,  and  will  not 
remain  in  compression  unless  force  is  applied 
to  each  end.  If  one  end  of  a  spring  were 
fixed  and  the  other  end  were  applied  to  a 
free  body  at  rest,  the  force  exerted  by  the 
spring  would  cause  the  body  to  move;  it  is 
assumed  that,  whenever  the  spring  was  com- 
pressed to  a  certain  extent  and  applied  to 
the  same  body,  the  motion  generated  would 
be  the  same;  i.  e.,  the  body  would  move  from 
rest  through  equal  spaces  in  a  unit  of  time. 
This  assumption  is  verified  by  experiment. 
We  can,  therefore,  use  a  spring  to  reproduce 
the  same  force  as  often  as  we  desire. 

The  idea  of  equality  can  now  be  extended 
to  quantities  of  matter  of  all  kinds  by  the 
following  arbitrary  definition  or  assumption: 
Two  bodies  have  equal  masses  if  ike  same  force 
produces  the  same  motion  in  each  of  them. 
Newton  nowhere  explicitly  states  this 
assumption,  but  it  is  implied  in  his  remark, 
in  connection  with  the  third  definition,  that 
the  inertia  of  a  body  is  proportional  to  its 
miaes.  On  this  assumption  his  second  law 
of  motion  is  an  easy  generalization  from 
experience,  and  becomes  an  axiom  of 
mechanics  as  he  calls  it. 

Equality  of  masses,  in  accordance  with 
this  assumption  or  definition,  is  real  or 
merely  conventional,  according  as  the  two 
bodies  are,  or  are  not,  of  the  same  kind  of 
material.  Two  things  may  be  said  to  bt? 
conventionally  equal  or  equivalent  from 
some  point  of  view,  if  in  that  aspect  they 
have  identical  properties.  This  definition 
of  equivalence,  or  conventional  equality, 
implies  a  limitation  of  the  purpose  for  which 
the  things  are  compared — for  the  particular 
purpose  in  view,  two  et^uivalent  things  may 
be  used  interchangeably.  From  the  point 
of  view  of  exchange  value,  a  silver  dollar  is 
equivalent  to  a  dollar  bill,  but  there  is  no 
true  equality  between  the  silver*  coin  and 
the  paper  dollar;  if  we  choose  to  say  that 
the  piece  of  silver  and  the  piece  of  engraved 
paper  are  equal,  we  can  only  mean  that  in 
commercial  tranpactions  the  coin  or  the  bill 
can  be  used  indifferently.    The  criterion  of 
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(conventional)  equality  of  masses  has  regard 
only  to  the  motions  received  by  the  bodies 
from  the  action  of  the  same  force,  and  not  to 
their  volumes,  weights,  or  other  properties. 

The  use  of  the  term  mass  in  the  Principia 
is  entirely  consistent  with  these  principles; 
though  it  is  certain  that,  if  Newton  had 
developed  his  views  at  length  for  the  benefit 
of  a  tyro  in  science,  his  exposition  would 
have  differed  from  that  given  above.  The 
definition  of  equality  of  masses  furnishes  a 
theoretical  method  of  measuring  mass  that 
is  a  sufficient  basis  for  the  propositions  of 
the  Principia;  but,  in  practice,  as  Newton 
says,  masses  are  compared  by  weighing. 
Therefore,  it  is  necessary  to  prove  that 
weight  and  mass  are  proportional,  when 
maas  is  measured  in  accordance  with  the 
preceding  definition,  or,  which  is  the  same 
thing,  that  the  proportionality  of  weight  and 
maas  can  be  deduced  from  the  second  law 
of  motion. 

Though  equality  of  masses  may  be  detw- 
mined  by  weighing,  yet  mass  and  weight  are 
not  synonymous.  The  mass  of  a  body  is  the 
same  at  all  places  and  under  all  circum- 
stances; but  the  weight  of  a  body  varies 
when  the  body  is  carried  from  place  to 
place,  as  we  have  seen  in  our  analysis  of  the 
twelfth  section  of  the  Principia.  There  is  a 
certain  piece  of  platinum  carefully  preserved 
by  the  British  Government,  and  oiii dally 
described  as  the  British  Imperial  Standard 
Pound,  which  is  commonly  spoken  of  as  a 
unit  of  weight;  but  which  is,  in  fact,  a  unit 
of  mass  and  is  so  described  by  all  scientific 
writers.  This  piece  of  metal  is  a  satisfactory 
unit  of  mass;  for  its  mass  is  the  same 
whether  it  is  in  London,  at  the  bottom  of 
the  Atlantic  Ocean,  or  on  the  top  of  the 
Rocky  Mountains.  But  the  weight  of  a  piece 
of  metal  is  not  a  satisfactory  unit  of  weight, 
for  we  can  alter  the  weight  of  the  piece  of 
metal  by  simply  carrying  it  upstairs  or  down- 
stairs. 

Since  the  weight  of  a  body  is  the  force 
with  which  the  earth  attracts  the  body, 
weight  should  be  measured,  not  by  units  of 
mass,  but  by  units  of  force.  The  correct 
principles  of  metrology  were  first  expounded 
by  the  illustrious  German  mathematician 
Chiuss,  who  proposed  a  system  of  units  which 
he  called  the  ahsolide  system.  In  the  abso- 
lute system,  arbitrary  units  of  length,  mass, 
and  time  are  chosen;  and  all  other  physical 
quantities  are  expressed  in  terms  of  units 
derived  from  these  three  arbitrary  funda- 
mental units.  The  absolute  unit  of  force  is 
defined  as  that  force  which,  acting  uniformly 


for  a  unit  of  time  on  a  unit  of  mass,  produces 
a  velocity  of  one  unit  of  length  per  unit  of 
time.  In  the  British  system  of  measures, 
the  absolute  unit  of  force  is  that  force  which, 
acting  uniformly  for  one  second  on  the 
British  standard  pound,  produces  a  velocity 
of  1  foot  per  second;  this  unit  of  force  is 
called  a  pounded.  If  the  standard  pound 
were  allowed  to  &11  freely,  the  force  acting 
on  it  would  be  simply  its  weight;  and  its 
weight  acting  on  it  for  one  second  would 
generate  in  it  a  velocity  of  about  32  feet  per 
second ;  hence,  the  poundal  is  approximately 
equal  to  one-thirty-second  part  of  the  weight 
of  a  pound;  or,  the  poundal  is  nearly  equal 
to  the  weight  of  half  an  ounce.  A  force, 
however,  is  usually  expressed  as  being  equal  • 
to  the  weight  of  a  certain  mass,  and  is  then 
said  to  be  expressed  in  gravitation  measure. 
Though  inexact,  the  gravitation  measure  of 
force  is  very  convenient;  it  is  used  almost 
exclusively  in  books  written  by  or  for  engi- 
neers, as  it  is  sufiiciently  accurate  for  all 
engineering  purposes. 

Newton's  test  of  the  proportionality  of 
weight  and  mass  was  made  by  pendulum 
experiments.  He  constructed  two  exactly 
similar  round  wooden  boxes,  and  suspended 
them  by  threads  11  feet  long;  one  of  the 
boxes  he  filled  with  wood,  and  in  the  center 
of  oscillation  of  the  other  he  placed  a  quan- 
tity of  gold;  so  that  he  had  two  pendulums 
perfectly  equal  in  weight  and  figure  and 
equally  receiving  the  resistance  of  the  air. 
Causing  these  two  pendulums  to  swing  side 
by  side,  he  observed  them  vibrate  together 
for  a  long  time  with  equal  vibrations,  thereby 
proving  that  the  masses  of  the  two  pendu- 
lums were  equal;  that  is,  equal  weights  of 
wood  and  gold  have  equal  masses.  Newton 
also  experimented  with  silver,  lead,  glass, 
sand,  common  salt,  water,  and  wheat.  These 
experiments  were  repeated  with  the  utmost 
care  by  the  great  astronomer  Bessel,  who 
presented  his  results  to  the  Berlin  Academy 
in  18,32. 

If  every  particle  of  a  body  is  acted  on  by  a 
force,  and  if  all  these  forces  are  equal  and 
parallel,  the  effect  of  these  forces  on  the  body 
is  equivalent  to  the  effect  of  a  single  force 
acting  at  a  point  fixed  relatively  to  the  body, 
and  this  point  is  called  the  center  of 
mass  of  the  body.  In  ordinary .  problems 
dealing  with  small  bodies,  we  regard  the 
weights  of  the  several  equal  particles  of  a 
body  as  constituting  a  system  of  equal  and 
parallel  forces,  and  we  speak  of  the  center  of 
mass  of  a  body  as  its  center  of  gravity ^  and  say 
that  the  weight  of  a  body  is  equivalent  to  a 
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single  force  acting  at  its  center  of  gravity. 
The  weights  of  the  several  particles,  however, 
do  not  constitute  a  system  of  strictly  parallel 
forces;  and,  therefore,  it  is  not  correct  to 
speak  of  the  center  of  mass  of  a  body  as  its 
center  of  gravity.  The  true  definition  of 
center  of  gravity  is  as  follows:  When  a  body 
is  such  that  it  attracts  matter  external  to 
itself  as  if  its  whole  mass  were  concentrated 
at  a  definite  point,  that  point  is  called  the 
center  of  gravity  of  the  body,  and  the  body  is 
said  to  be  centrobaric.  From  the  twelfth  and 
thirteenth  sections  of  the  Principia  we  learn 
that  a  sphere  composed  of  uniform  concentric 
strata  is  a  centrobaric  body;  but  a  spheroid 
is  not  centrobaric,  and  has  no  true  center  of 
gravity,  though  it  has  a  center  of  mass.  In 
the  preceding  articles  of  this  series  we  have 
followed  the  almost  universal  custom  of 
speaking  of  the  center  of  gravity  of  a  body  or 
system,  when  really  we  meant  to  refer  to  its 
center  of  mass. 

Let  us  now  consider  what  Newton  had  ac- 
complished in  the  first  book  of  the  Principia. 
As  the  foundation  of  the  whole  structure  he 
took  the  three  laws  of  motion,  which  he 
accepted  as  incontrovertible  facts.  Then 
he  frames  the  hypothesis:  Suppose  a  particle 
18  attracted  toward  a  center  with  a  force  that 
depends  on  its  distance  from  the  center;  he 
works  out  the  consequences  of  this  hypothe- 
sis, and  determines  what  the  motion  of  the 
particle  would  be,  giving  particular  attention 
to  the  case  in  which  the  force  varies  in- 
versely as  the  square  of  the  distance.  Then 
he  frames  a  new  hypothesis:  Suppose  two 
moving  particles  attract  each  other  with  a 
force  depending  on  the  distance  between 
them;  and  he  develops  the  consequences  of 
this  hypothesis.  Again,  he  frames  another 
hypothesis:  Suppose  every  particle  of  one 
body  attracts  every  particle  of  another  body 
with  a  force  depending  on  the  distance;  and 
he  derives  the  consequences  of  this  hy- 
pothesis for  the  cases  in  which  the  bodies 
are  spherical  or  nearly  spherical.  Of  course, 
Newton  did  not  develop  all  the  consequences 
of  any  of  these  hypotheses;  in  each  case  he 
considered  chiefly  the  motions  that  would 
take  place  under  an  attraction  varying 
inversely  as  the  square  of  the  distance,  and 
was  satisfied  with  such  results  as  would 
enable  him  thoroughly  to  test  his  hypothesis 
by  comparison  with  the  observed  facts  of 
the  solar  system.  In  the  first  book  of  the 
Principia  general  propositions  only  are  given, 
without  numerical  calculations  or  results 
— the  occasional  references  to  the  actual  prob- 
ems  of  astronomy  are  incidental  merely.    His 


design  in  this  book  was  to  develop  in  general 
terms  the  broad  consequences  of  his  hy- 
potheses, reserving  for  the  third  book  that 
comparison  with  the  facts  which  would 
determine  whether  his  hypothesis  harmo- 
nized with  and  explained  the  phenomena  of 
the  solar  system. 

We  shall  now  state  in  its  modem  form  the 
hypothesis  whose  validity  is  discussed  in 
the  th  ird  book :  Every  particle  of  matter  attracts 
every  other  particle  vnth  a  force  thai  acts  in  the 
straight  line  joining  the  two  parUdes,  and  that 
varies  directly  as  the  product  of  their  masses  and 
inversely  as  the  square  of  the  distance  between 
them. 

This  LB  called  the  hypothesis  of  universal 
gravitation.  In  the  enunciation  of  the 
hypothesis  of  universal  gravitation  it  is 
implied  that  the  dimensions  of  each  particle 
are  infinitely  small  compared  with  the  dis- 
tance separating  it  from  any  other  particle 
—otherwise  the  terms  line  joining  the  two  par- 
ticles  and  distance  between  them  would  have  no 
meaning.  The  twelfth  section  of  the  Prin- 
cipia, however,  enables  us  to  remove  this 
restriction  when  the  particles  are  homoge- 
neous and  spherical;  in  this  case  the  line 
joining  two  particles  means  the  line  joining 
their  centers,  and  the  distance  between  them 
means  the  distance  between  their  centers. 

Keeping  these  limitations  in  mind,  we  can 
reduce  the  hypothesis  of  universal  gravita- 
tion to  an  algebraic  formula.  Let  two  parti- 
cles whose  masses  are  m  pounds  and  m/ 
pounds  be  placed  at  a  distance  of  r  feet 
apart;  and  suppose  the  mutual  attraction  of 
these  two  particles  to  be  J^  poundals;  then, 
the  hypothesis  of  universal  gravitation  is 
expressed  by  the  formula 

^=-7*'-     (1) 

where  A;  is  a  constant,  independent  of  the 
magnitude  of  the  masses  and  their  distance 
apart. 

We  have  said  that  Newton  reserved  the 
discussion  of  the  validity  of  this  hyx>othe8is 
for  the  third  book;  but,  of  course,  through- 
out the  investigations  of  the  first  book  he 
had  caught  glimpses  of  the  harmony  of  his 
assumptions  with  the  facte  of  nature;  and 
these  prophetic  glimpses  had  undoubtedly 
convinced  him  that  he  was  marching  to 
victory. 

There  are  two  questions  to  be  decided: 
firsty  Does  every  particle  of  matter  attract 
every  other  particle?  and,  second^  Is  the 
law  of  this  attraction  correctly  expressed 
by  formula  (1)?  The  most  natural  thing 
in  the  world  is  to  seek  the  answer  to  these 


Digitized  by 


Qoo^^ 


A  GREAT  DISCOVERY 


43 


two  questions  in  the  experimental  labora- 
tory. It  would  aeem  that  there  could  be 
little  difficulty  in  deciding  the  first  question 
definitely  and  conclusively  by  observing 
whether  two  spherical  masses  actually  do 
attract  each  other.  Suppose  this  question 
to  be  experimentally  decided  in  the  affirma- 
tive, the  next  step  would  be  to  measure 
very  carefully  the  amount  of  attraction 
between  various  bodies  under  diflferent  con- 
ditions, and  thus  determine  whether  k  in 
formula  (1)  is  a  constant  or  not.  If  the 
values  of  k,  thus  determined  by  experiment, 
differed  very  widely,  we  would  know  that 
the  second  question  must  be  answered  in 
the  negative;  but,  if  the  results  indicated 
that  k  is  constant,  or  nearly  constant,  it 
would  be  impossible  to  decide  whether 
formula  (1)  is  exactly  or  only  approxi- 
mately true;  for,  all  actual  measurements 
are  merely  approximations. 

Why,  then,  did  Newton,  who  was  an 
eminently  skilfhl  and  snooessful  experi- 
menter, seek  to  verify  his  hypothesis  by  the 
motions  of  the  planets  and  their  satellites, 
instead  of  resorting  to  the  simple  and  direct 
method  of  experiment?  The  reason  is  that 
Newton,  by  some  sort  of  prophetic  instinct, 
realized  that  the  attraction  between  any  two 
manageable  masses  must  be  so  sn&all  that  it 
could  not  be  detected  by  any  experiment 
that  was  then  possible,  and  therefore  experi- 
ments could  yield  only  negative  results,  and 
the  only  conclusion  to  be  drawn  from  such 
negative  results  would  be  that  the  attraction, 
if  any,  m  very  small.  Such  an  experiment 
was,  indeed,  performed  about  the  end  of 
the  eighteenth  century  by  Cavendish, 
employing  a  very  delicate  torsion  balance 
invented  by  Michell,  which  is  similar  to  the 
well-known  torsion  balance  invented  inde- 
pendently by  Coulomb.  The  Cavendish 
experiments  fully  confirmed  the  hypothesis 
of  universal  gravitation,  and  they  also  con- 
firmed the  wisdom  of  Newton  in  declining  to 
submit  the  question  to  experimental  test. 
To  show  the  soundness  of  his  judgment  in 
this  matter,  we  shall  anticipate  a  little,  and 


assume  that  formula  (1)  expresses  a  true 
law  of  nature. 

If  we  can  measure  the  attraction  between 
two  bodies,  say  two  cannon  balls,  of  known 
masses,  we  can  then  determine  the  value  of  k 
in  the  formula.  Then  when  k  is  known  we 
can,  from  the  known  attraction  of  the  earth 
on  a  given  mass,  determine  the  mass  of  the 
earth  in  tons  or  pounds.  The  chief  object 
of  the  Cavendish  experiment  wlas  to  deter- 
mine the  mass  of  the  earth.  Several  other 
methods  have  been  used  for  this  purpose, 
but  they  all  depend  on  the  truth  of  formula 
(1).  The  mass  if  of  the  earth  is  about  6,067 
X 10^^  tons;  which  makes  its  average  density 
or  spedflc  gravity  about  6.5.  Of  a  large 
number  of  careful  determinations  of  the 
earth's  density  the  smallest  is  4.713,  and  the 
greatest  is  6.565.  Moreover,  if  if  is  deter- 
mined by  any  method,  the  value  of  ib  in 
formula  (1)  can  be  determined;  assuming 
if  to  be  6,067  X  10"  tons,  we  find  ifc  to  be 
1.038  -^  10*,  nearly.  Using  the  formula  with 
this  value  of  ib,  we  can  calculate  that  the 
attraction  between  two  spherical  balls,  each 
of  50  pounds  mass,  with  1  foot  between 
their  centers  is  less  than  one-ten-millionth 
of  the  weight  of  a  pound.  So  small  a  force 
as  this  can  be  detected  and  measured  only 
by  the  most  delicate  instruments  in  the 
hands  of  a  skilled  and  judicious  experi- 
menter; and  it  was  utterly  impossible  that  it 
could  have  been  detected  by  an  experiment 
that  could  have  been  performed  by  Newton 
or  his  contemporaries. 

Newton's  prudence  in  avoiding  experi- 
ment was  due  simply  to  the  clearness  of  his 
intuitions;  for  he  had  practically  nothing 
to  guide  him  to  a  correct  estimate  of  the 
probable  smallnees  of  the  attraction  between 
two  small  bodies.  No  attempt  had  then 
been  made  to  estimate  the  mass  and  density 
of  the  earth;  in  the  course  of  the  investiga- 
tions of  the  third  book,  Newton  makes  the 
assertion  that,  when  determined,  the  density 
of  the  earth  would  be  found  to  be  between 
dye  and  six  times  that  of  water — ^a  very 
remarkable  guess. 
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H.  Rolfe 


The   Differbnt    Loads   a   Chain    Has   to    Carry —Annealikg   of   Chains— Weldless 
Chains — Relative  Strength  op  Open-Link  and  Stud-Link  Chains 


THE  three  kinds  of  load  that  may  act  on  a 
body  are:  a  steady  load,  a  live  load, 
and  a  shock.  These  different  kinds  of 
load  are  often  mentioned  in  engineering 
books.  Borne  explanation  of  them  here  fol- 
lows: In  Fig.  1  (a),  the  cord  c  carries  a  tray 
that  is  loaded  with  a  total  weight  TTput  into 
the  tray  a  little  at  a  time;  if  the  sectional 
area  of  r  is  one-half  a  square  inch,  and  the 
total  load  W  is  100  pounds,  then  the  stress  in 
c  will  be  200  pounds  per  square  inch  of 
section,  and  the  effect  on  the  cord  is  that  of 
a  steady  load.  In  (6)  the  three  cords  c,  </,  cf^ 
supporting  the  load  W  are  all  stretched 
equally  taut,  each  carrying  one-third  of  ^y^  or 
:^J  pounds.    If  &  and  &'  were  suddenly  cut. 


r 
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(h) 

Pig.  1 

throwing  all  the  load  onto  o,  the  stress 
induced  in  c  would  be  200  pounds,  or  400 
pounds  per  square  inch,  and  the  effect  is  that 
of  a  Iwe  load.  In  (c)  the  cords  c^  and  c^^ 
carry  the  load,  the  cord  c  hanging  slack. 
If,  now,  c/  and  c^^  were  to  be  cut,  allowing 
W  to  fall,  the  load  would  all  come  suddenly 
on  the  cord  c  and  subject  it  to  a  shock,  the 
stress  induced  being  very  much  greater  than 
before.  What  it  will  actually  be  cannot  be 
stated ;  it  all  depends  on  the  d  istance  through 
which  the  load  falls  and  the  space  through 
which  it  is  arrested — this  latter  being  the 
amount  that  the  cord  stretches. 

Now,  the  treatment  that  the  majority  of 
crane  chains  occasionally  undergo — as  when 


the  links  override  and  then  slip — corre- 
sponds to  case  (c),  and  we  cannot  say  what 
the  stress  in  the  chain  may  be.  The  amount 
of  stretch  depends  on  the  time  the  chain  has 
been  in  use,  or,  at  least,  on  the  time  that 
has  elapsed  since  the  last  annealing.  The 
reader  will  x>erceive  how  important  the  item 
of  ductility  is  by  imagining  a  chain  made  of 
glass.  Obviously,  such  a  material  could  be 
employed  if  tensile  strength  were  all  that 
was  required;  ordinary  untoughened  glass  is 
quite  as  strong  as  leather  belting  for  a  steady 
load;  but  one  feels  intuitively  that  such  a 
chain  would  be  very  short-lived,  and  want 
of  ductility  is  the  cause. 
Annealing  the  chains  restores  them  in  a 
great  degree  to  their 
original  condition,  renew- 
ing their  power  of  "give" 
or  "stretch,*'  although 
somewhat  decreasing 
their  tensile  strength. 
This  annealing  consists 
of  heating  a  chain  to  a 
cherry  red  and  allowing 
it  to  cool  slowly;  the 
operation  serves  a  double 
purpose,  for  it  also  opens 
out  any  incipient  cracks. 
When  the  chain  is  cold, 
it  is  examined  link  by 
link  to  search  for  these 
flaws;  also,  any  link 
found  to  be  unduly 
stretched  should  be  cut  out,  for,  evidently, 
that  particular  link  is  weaker  than  the 
rest.  When  thoroughly  examined  a  chain 
is  given  a  coal-tar  bath  to  preserve  it  from 
rust,  and  it  is  then  ready  for  use.  Chains 
receiving  careful  treatment  and  working 
under  favorable  conditions  need  only  be 
annealed  every  twelve  months.  Coal- 
whipper  chains  and  others  receiving  rough 
and  thoughtless  treatment  ought  to  be 
drawn  through  the  fire  at  least  once  ever>' 
six  months.  The  process  of  annealing 
should  not  degenerate  into  a  farce,  as  is 
sometimes  the  case,  by  making  the  chains 
not  much  more  than  black  hot.  They  ought 
to  be  made  a  cherry  red.    Strictly  speaking, 


44 


Digitized  by 


Google 


CHAINS  AND  THEIR  USE 


4o 


however,  this  does  not  fix  the  temperature 
definitely,  because  it  depends  on  the  light  in 
which  the  work  is  done,  and  also  on  the 
eye  of  the  workman   doing  it.    Speaking 


with  all  the  links  stamped  to  shape  but 
held  together  by  a  thin  web.  This  is  sub- 
sequently cut  out  and  the  links  thus  sepa- 
rated from  one  another.     They  are  then 


C3 


Fig.  2 


Fig.  3 


definitely,  we  would  specify  1,350°  F.  as  the 
proper  temperature.  As,  however,  a  ther- 
mometer does  not  form  part  of  a  chain- 
fmith's  kit  (and  he  couldn't  make  lue  of  it 
if  be  had  it),  we  can  only  say  that  the 
chains  should  be  heated  to  a  cherry  red. 

Chains  should  be  taken  out  of  service 
when  the  links  are  much  worn  at  the  ends; 
it  is  sometimes  practicable,  however,  to  put 
them  to  work  on  a  smaller  crane,  and  so 
prolong  their  working  life. 

In  some  countries  chains  are  tested  and 
stamped  at  proving  establishments;  in  one 
case  we  know  of 
this  is  done  by 
the  government. 
Makers  usually 
furnish  a  guaran- 
tee with  every  consignment  of  chain,  but  it 
is  well  to  make  a  test  for  oneself  by  breaking 
a  link  or  two  on  the  anvil — not  choosing 
the  end  links  either,  as  those  may  have 
been  made  of  superior  iron  for  the  purpose. 
Owing  to  the  end  of  a  link  being  the  weak 
part,  a  course  that  naturally  suggests  itself  is 
to  roll  the  iron  with  enlargements  or  thick- 
enings at  intervals,  according  to  the  length 
of  link  before  bending,  these  enlarged  parts 
to  occur  at  the  ends 
when  welded  up  (see 
Fig.  2).  This  method 
might  make  them 
more  expensive  as  re- 
gards first  cost,  but 
they  would  certainly 
have  a  longer  life. 

Weldless  chains  are 
now  made  of  steel. 
Generally  they  are 
rolled  out  of  a  solid 
piece.  The  two  rolls 
have  recesses  all 
around  their  peripheries  that  come  together 
and  enclose  a  space  the  shape  of  the  link 
required.  At  the  last  stage  of  the  rolling, 
when  the  rolls  are  quite  close  to  each  other, 
the  chain  is  still  in  one  connected  piece. 


Fig.  4 


Fig.  5 


finally  trimmed  up.    All  loss  due  to  welding 
is  avoided  by  this  method. 

Weldless  chains  have  also  been  made  by 
using  links  formed  as  follows:  A  hole  is 
punched  in  a  piece  of  flat  plate,  which  is  then 
spun  up  until  the  rectangular  section  becomes 
a  round  one.  The  link  is  next  pulled  into 
an  elongated  shape  and  then  bent 
over  double  around  another  one 
similarly  treated,  the  result  being 
a  chain  with  weldless  links.  (See 
Fig.  3.) 

Small  chains  are  sometimes  made 
with  links  as  in  Fig.  4,  which 
shows  what  is  called  a  jack  chain. 
There  is  no  weld  in  it;  each  piece 
of  bar  iron  constituting  a  link  is 
bent  round  to  form  loop  a,  then 
both  ends  are  doubled  over  to  form 
the  other  end  b  and  the  loose  ends 
crossed  and  pressed  against  the 
face  of  the  link.  Fig.  5  shows  a 
similar  kind  of  chain.  Also,  small 
welded  chains  are  sometimes  made 
like  that  in  Fig.  3.  The  links  are  made  of 
bar  iron  as  usual,  and  of  extra  length,  and 
then  doubled  over  one  another  in  the  form 
shown.  It  will  be  noticed  here  that  there 
is  one  weld  in  the  link,  but  it  only  afiects 
one-quarter  of  the  total  section  of  the  chain 
instead  of  one-half,  as  in  ordinary  links. 
These  links  have  two  advantages:  they  can 
be  bent  so  that  the 
weld  occurs  at  the 
side;  and,  the  chain 
being  smaller  in  sec- 
tion, the  bending 
action  is  not  so 
severe — the  stress,  in 
fact,  is  more  uni- 
formly distributed 
over  the  section. 
These  chains,  especially  that  in  Fig.  3,  show, 
in  the  testing  machine,  a  considerable  excess 
of  strength  over  the  ordinary  type. 

Among  small  chains,  the  kind  shown  in 
Fig.  5  is  a  very  effective  design.    There  is  no 
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weld  in  it  at  all;  the  links  are  composed  of 
lengths  of  bar  iron,  and  the  ends  bent  as 
shown.  The  breaking  load  of  this  chain 
is  about  twice  that  of  the  common  welded 
variety. 

Crane  chains  are  usually  of  the  close- link 
type;  cable  chains  are  of  the 
stud-link  type.  Considerable 
difference  of  opinion  exists  as 
to  whether  these  latter  links 
are  stronger  than  the  open 
variety.  One  government  we 
are  aware  of  employs  a  proof 
test  50  per  cent  greater  for  the 
stud  than  for  the  open  variety; 
but  this  test  has  been  severely 
criticized  by  the  experts  of  other 
governments,  who  claim  to  have 
found  the  stud  link  to  be  the 
weaker  of  the  two.  It  does  not 
necessarily  follow,  however, 
from  the  adoption  of  the  above 
test,  that  this  variety  was 
regarded  as  the  stronger;  it 
may  have  been  because  the 
stud-link  chains  will  stand  a 
higher  test  than  the  open-link 
without  collapsing.  The  latter  would 
lengthen,  and  at  the  same  time  decrease 
in  width;  whereas,  in  the  other  case,  the 
studs  prevent  the  sides  of  the  link  from 
coming  together.  Still,  the  stud  may  possibly 
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Fig.  7 


be  a  source  of  weakness  in  this  way:   When 
the  link  shown  in  Fig.  6  (a)  is  subjected 
to  a  severe  pull  the  sides  tend  to  close  in, 
but  the  stud  s  resists  their  doing  so,  causing 
the  link   to   assume   a    shape    something 
like   that   in   Fig.  6  (6),  thus   inducing  a 
severe  nipping  action  at  m,  the 
junction  of  the  etud  with  the 
link,  at  which  points  the  sides 
abruptly   lose  the   support   of 
the   stud.     In  the  open  link, 
when  approaching  rupture,  the 
link  would  be  as  in  Fig.  7  (a). 
Here  the  sides  ^,  ^  are  par- 
allel, and  if  PT  is  the  total  pull, 
there  will  be  a  pull  of  ^  ^  in 
each  bar  of  the  link.    But  in 
Fig.  7  (6)  the  two  sides  of  the 
link  will,  under  a  severe  load, 
form  an  angle,  and  the  larger 
this  angle,  the  greater  will  be 
the  stress  in  the  link.    It  is 
not  a  fair  pull,  as  in  the  other 
case.    If  6  c  represents  the  pull 
in  an  open  link,  ac  will  repre- 
sent, to   the   same  scale,  the 
pull  in   the   stud   link   under 
same  conditions  of  load,  so  that  when  tested 
to  destruction,  and  therefore  undergoing  the 
above  distortion,  the  stud  link  may  actually 
prove  to  be  the  weaker — ^a  result  contrary  to 
general  belief. 


VALUE  OF  STOP-COCKS  IN  PLUMBING 


A  Knight  of  the  Cloth 

Where  They  Should   Be  Located — How  They    Save   More   Than  Their  Cost — The 
Stop-Cock  a  Householder's  Friend 


THE  value  of  a  stop-cock  is  not  the  price  of 
a  stop-cock,  any  more  than  the  value 
of  a  drink  of  water  is  the  price  of 
the  water.  The  value  of  either  is,  beyond 
doubt,  far  in  excess  of  their  cost.  If  you 
think  this  is  not  so,  just  get  along  without 
water  for  a  few  days,  or  try  to  put  a  washer 
on  a  kitchen  faucet  with  the  pressure  on; 
or,  what  is  equally  effective,  talk  to  any 
house-owner  that  has  had  the  never-to-be- 
forgotten  experience  of  being  rudely  awa- 
kened at  2  a.  m.  by  the  weird  hissing  of  a 
leaky  pipe,  and,  with  a  candle  in  his  trem- 
bling hands  and  his  nocturnal  robes  flutter- 
ing beliind  like  a  flag  of  distress,  has  run 
from  attic  to  cellar  repeatedly,  in  the  vain 


hope  of  finding  a  stop-cock  to  shut  ofl"  the 
water  before  the  house  becomes  flooded. 
Or,  if  you  cannot  find  such  a  man,  just 
step  into  a  reputable  plumber's  shop  and  ask 
the  value  of  a  stop-cock.  If  he  is  straight,  as 
most  of  them  are — "Puck,*'  "Judge,**  and 
the  "New  York  Journal'*  to  the  contrary, 
notwithstanding — he  will  tell  you  that  every 
stop-cock  he  has  yet  put  in  has  paid  for  itself 
over  and  over  again;  he  does  not  imply  by 
this  that  his  jobs  will  not  spring  a  leak  any 
more  than  any  other  plumber's  jobs,  for 
they  will  all  break  out  once  in  a  while.  If 
he  is  a  strictly  up-to-date  plumber,  as  many 
are,  and  as  all  should  be,  he  will  tell  you 
with  pardonable  pride  that  he  takes  a  delight 
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in  placing  stop-cocks  to  control  every  faucet 
on  the  job.  **This,"  says  he,  "gives  us  a 
chance  to  regulate  the  sapply  of  water  to 
baths,  basins,  sinks,  water  closets,  etc.  as  we 
see  fit,  and  as  the  street  pressure  and  other 
conditions  demand, and  it  not  only  prevents 
splashing  and  certain  noises,  but  also  gives 
the  householder  a  chance  to  shut  off  the 
water  himself  when  anything  goes  wrong." 
If  you  own  a  house  and  have  had  a  few 
stop-cock  experiences,  you  will  naturally 
chime  in,  '*Grood  idea,  Mr.  Plumber;  but 
what  is  the  cost  of  such  stop-cocks?'' 
The  plumber  will  hesita- 
tingly tell  you  that,  if  you 
get  them  put  in  when  the 
plumbing  job  is  being  done, 
it  will  cost  practically  noth- 
ing—only about  a  dollar  or 
so  each.  But  if  you  want 
them  put  in  as  an  "after- 
thought'' it  will  cost  you 
somewhere  about  two  or 
three  dollars  each.  "  But," 
continues  the  plumber,  after 
he  has  quietly  studied  your 
countenance  and  decided 
that  you  cannot  afford  to 
stop-cock  all  fixtures  up 
home  just  now,  "whether 
my  cnatomers  order  stop- 
cocks at  the  fixtures  or  not, 
I  always  put  them  on  cer- 
tain places  where  they  may 
control  the  distributing  lines, 
and,  of  course,  indirectly,  the 
fjEuicets  also.  I  do  this  to 
protect  the  building  in  case 
of  leaks.  And  I  tie  little 
brass  tags  on  each  stop-cock,  so  that  my 
customers  can  handle  them  intelligently." 
You  now  show  such  an  interest  in  the 
thing  that  the  plumber  plunges  into  a  dusty 
old  filing  case  and  brings  out  a  photo- 
graph showing  the  stop-cocks  over  a  kitchen 
boiler  he  put  in  a  few  years  ago.  "  There," 
he  says,  handing  you  the  print,  "are  the 
stop-cocks  on  one  of  my  pet  jobs."  Of 
course  you  admire  the  neat  workmanlike 
arrangement  of  the  pipes  and  cocks,  and 
would  ask  a  few  questions  about  the  use  of 


all  these  cocks,  but  you  are  rather  timid  lest 
this  man  of  stop-cocks  turn  you  down  as  one 
that  knows  nothing  about  plumbing.  Don't 
be  afraid;  he  knew  that  the  moment  you 
came  in  the  door,  and  therefore  will  proceed 
to  explain  the  photo. 

"This  pipe,"  he  may  remark,  pointing 
to  a  in  our  sketch,  "  is  the  cold-water  pipe 
that  supplies  cold  water  to  the  kitchen  boiler, 
the  butler's  pantry  on  the  first  floor,  and 
the  bathroom  on  the  second  floor.  The 
stop- cock  on  a  shown  under  the  boiler- 
supply  branch  is  labeled,  so  that  the 
range,  boiler,  hot  water  for 
whole  house,  and  cold  water 
to  upstairs,  may  be  shut 
off  here."  He  may  also 
say  that  this  cock  is  usu- 
ally placed  on  the  branch 
instead  of  on  the  rising 
line,  so  that  it  may  shut 
off  the  boiler  and  hot-water 
supply  system  only,  with- 
out affecting  the  cold-water 
service  anywhere  in  the 
building. 

He  will  draw  your  atten- 
tion to  the  five  stop-cocks 
all  in  a  row  over  the  boiler, 
and  tell  you  that  this  is  the 
way  he  likes  to  see  them 
put  in,  instead  of  being 
scattered  all  over  the  job 
where  nobody  can  find  them 
except  the  man  that  put 
them  in.  He  may  tell  you 
that  the  cook  can  turn  off 
the  water  for  any  section  of 
the  building  just  as  well 
as  the  most  intelligent  plumber  in  town,  if 
she  goes  by  the  tags.  And  in  case  of  a  leak, 
she  can  do  it  before  much  damage  is  done. 
"But,"  you  ask,  "what  is  that  network 
of  small  tubing  attached  to  the  stop-cockd?" 
And  he  will  answer,  "To  drain  the  pipes 
empty  when  they  are  shut  off."  Then  you 
might  become  overanxious  for  information, 
and  ask  him,  "What  about  that  lever  thing 
with  the  ball  on  its  end,"  and  he  will  gra- 
ciously say,  "It  is  a  safety  valve,  and  has 
nothing  to  do  with  stop-cocks  at  all." 
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AN  BMBROBNCY  PRINTING  FRAME 


We  are  indebted  to  Mr.  C.  T.  Catillas, 
Chief  Engineer  of  the  State  Hospital  at 
Middletown,  N.  Y.,  for  the  following  sugges- 
tion of  a  method  of  making  blueprints  that 
we  think  will 
prove  useful  to 
many  that  find 
themselves  in  a 
position  where 
it  is  desirable  to 
make  a  print  of 
a  tracing  but 
have  no  suitable 
printing  frame 
at  h  a  n  d.  A 
single-light  win- 
dow  sash  a 
forms  the  frame 
and  glass;  a 
board  6,  cut  to  fit 
in  the  sash  and 
thick  enough  to 
project  a  little 
beyond  it,  as 
shown  in  the  sketch,  forms  the  backing  for 
holding  the  tracing  and  paper  in  place; 
finally,  the  backing  board  is  held  firmly 
in  place  by  a  strip  of  wood  c  fastened  to  the 
sash  by  a  screw  through  each  end.  A 
cushion  made  of  heavy  felt,  or  several  thick- 
nesses of  soft  cloth  placed  between  the 
board  and  the  paper,  completes  the  outfit, 
and  makes  a  very  satisfactory  printing  frame. 

ANOTHER  U89  FOR  THE  HAMMBR  HANDLE 

./.  E.  Oiri'brck,  Cincinnati,  Ohio 

Under  the  heading  of  Chips  and  Spalls,  in 
the  November  issue  of  Science  and  Indis- 
TRY,  I  noticed  the  scheme  of  Mr.  Bogue  for 
carrying  a  nail  set  in  a  hammer  handle.  I 
think  this  is  a  good  idea,  but  I  find  the  end  of 
my  hammer  handle  much  more  preferable  for 
carrying  beeswax.  For  instance,  I  bore  a 
^'.rhich  hole  in  the  end  of  the  handle,  filling 
it  full  of  the  wax,  and  when  I  wish  to  drive 
a  nail  in  any  kind  of  hard  wood,  without 
boring,  I  stick  the  nail  in  the  wax,  which 
lubricates  it  and  causes  it  to  drive  compara- 
tively easy.  The  wax  may  be  kept  soft  in 
winter  by  adding  to  it,  while  in  a  melted 


condition,  a  little  machine  oil.     I  find  this 
keeps  it  soft  in  the  coldest  weather. 

SUGGESTIONS  FOR  THE  PROPER  ARRANGE- 
MENT  OF  GAS-PIPING  WORK 

Wm.  Paul  (ferhard,  C.  E. 

Qas  Service. — ^To  be  of  wrought-iron  pipe, 
of  ample  size;  to  be  run  into  the  building 
with  pitch  back  to  street  main,  where 
possible;  or  else  to  be  provided  with  siphon, 
or  drip  pipe  and  emptying  plug,  where  ser- 
vice must  necessarily  be  graded  toward  the 
house.  Service  pipe  to  be  protected  from 
frost  wherever  necessarily  exposed. 

Qa9  Meter,— To  be  preferably  a  dry  gas 
meter;  to  be  of  ample  size;  all  connections 
to  be  preferably  of  wrought-iron  pipe  and 
tube  of  full  bore;  fittings  to  be  beaded 
malleable-iron  fittings;  no  lead  meter  con- 
nections to  be  used.  Meter  to  be  set  in  a 
cool,  ventilated,  well-lighted  place,  easy  of 
access,  but  protected  from  accidental  injury. 

House  Gas  Piping, — ^To  be  of  a  good  quality 
of  welded  wrought-iron  pipe,  preferably 
galvanized.  Steel  pipe,  being  somewhat 
brittle,  is  not  so  good.  Lead  gas  pipes 
should  not  be  permitted.  Cast-iron  pipe 
is  sometimes  used  for  services  lai^ger  than 
2i  or  3  inches  in  diameter.  All  pipe  to  be 
examined  and  blown  into  before  use,  to  guard 
against  obstructions. 

Pipe  Fittings. — To  be  of  malleable  iron, 
preferably  beaded  fittings;  fittings  to  be 
selected  and  examined  for  sand  holes.  Gal- 
vanized fittings  to  be  preferred.  In  making 
turns  or  bends,  use  fittings  in  preference  to 
bending  the  pipe. 

Joirtis. — To  be  screw  joints.  Use  red  and 
white  lead  mixed,  or  boiled  linseed  oil  in 
joints.  Use  precaution  not  to  get  lead  on 
the  inside  of  joints.  No  gas-fitter' s  cement  to 
be  used  on  joints  under  any  circumstances. 
The  practice  of  rusting  up  the  pipes  by  fill- 
ing the  gas  pipes  with  water  is  bad,  and 
should  be  prohibited.  Unions  should  be 
avoided;  if  required,  use  ground  joint  union 
fittings.  No  washer  joints  should  be  per- 
mitted. All  joints  must  be  made  absolutely 
tight. 

67<  nt-Offs. — Use  the  best  quality  heavy  brass 
work ;  round- way,  ground-key  lever  cocks  are 
preferable  to  valves,  as  they  indicate  at  once. 
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by  podtion  of  lever,  whether  the  pipe  line  is 
open  or  shut.  Valves,  if  osed,  should  be 
soft-seat  brass  valves.  Iron  valves  are  not 
to  be  permitted,  as  they  qaickly  corrode 
firom  the  action  of  the  gas. 

Hooks  J  Straps  f  and  Clips. — All  pipes  to  be 
well  fastened  by  hooks,  straps,  or  dips  of 
wrought  iron — ^not  of  cast  iron.  Use  screws 
for  fastening  pipe  holdfasts;  no  bent  nails  or 
common  hooks  should  be  used  to  hold  gas 
pipes  in  position. 

Cutting  of  Floor  Joists. — This  should  never 
be  done  by  the  gas-fitter;  the  carpenter  to 
do  all  cutting,  and  beams  should  not  be 
notched,  bored,  or  cut  more  than  2  inches 
in  depth,  and  never  farther  away  from  wall 
or  bearing  supporting  the  beams  than  2  feet. 

Silts  of  House  Pipes. — No  pipe  to  be  less 
than  i  inch;  it  is  better  to  make  i  inch  the 
minimum  siza  In  determining  sizes  of 
pipes,  follow  Table  I  for  sizes  of  house  pipes 
for  gas  lighting,  and  Table  II  for  sizes  of  gas 
pipes  for  gas  ranges  and  gas  logs.  Make  all 
piping  ample  in  size. 

Table  I* 

Sises  qf  Qas  Pipe*,  Maximum  Lengths  and  Maximum 

Number  qf  Bumen  {at  6  cubic  feet  each) 


Diameter  of    ' 

Maximum 

Maximum 

Incnes.        1 

1 

Length. 

Number  of 

Feet. 

Lights. 

I 

'20 

2 

i 

30 

3 

i 

40 

6 

1 

«0 

10 

1* 

70 

15 

U 

100 

30 

2 

ISO 

60 

Table  II* 
Sixes  of  Qas  Pipes  for  Qas  Logt  and  Cooking  Ranges 


I  Diameter      Maximum 

i    of  Pipe.  Length. 

Inches.  Feet. 


Gas  Required  for 


100 


100 


100 
100 


1 1  cooking  burner  or  1 ' 
I    gas  log.  I 

1 2  cooking  burners  or  2  I 
gas  logs. 

Gas  cooking  stove  with 
:  4  burn  ers  or  4  gas  logs. 
I  Larger  gas  ranges  or  7 
I    gas  logs. 


Gas  logs  and  burners  of  cooking  ranges  are 
aasumed  to  have  a  consumption  not  exceeding  35 
cubic  feet  per  hour.  For  a  larger  consumption, 
increase  the  size  of  pipe  supplying  log  or  range. 

Arrangement  of  Gas  J^iping. — ^No  risers  to 
be  placed  in  outside  walls.    No  riser  to  be 

*  Quoted  ftom  the  "  Engineering  Record." 


less  than  f  inch.  A  number  of  separate 
risers  is  desirable;  these  should  be  connected 
at  the  top  for  a  better  circulation  of  the  gas, 
and  to  avoid  undue  variation  in  the  gas 
pressure.  Another  method  is  to  have 
separate  risers  for  each  floor.  For  gas  logs  in 
fireplaces,  run  entirely  separate  risers,  one 
for  each  vertical  group  of  fireplaces.  Provide 
a  separate  riser  for  the  gas  cooking  range  in 
the  kitchen.  A  separate  meter  for  gas  used 
in  cooking  or  heating  is  also  desirable. 
Larger  risers  to  be  kept  exposed  in  closets; 
smaller  pipes  to  be  tested  before  being 
covered  up  or  plastered  over.  Running  lines 
in  fioors  to  be  kept  accessible  by  floor  boards 
secured  with  brass  screws  instead  of  nails. 
Run  all  branches  for  side  lights  up  from 
below,  and  do  not  drop  them  from  above 
( except  in  the  cellar ) .  Place  no  running  gas 
lines  under  tiled  floors  or  hearths.  Run 
no  gas  pipes  through  flues.  Supply  drop 
lights  from  branches  taken  off  from  side  or 
top  of  running  lines;  never  drop  the  branch 
•from  the  bottom  of  a  line.  All  horizontal 
gas  pipes  to  be  run  with  sufficient  fall  back 
to  the  riser;  the  horizontal  run  at  cellar  ceil- 
ing to  have  a  fall  toward  the  gas  meter.  All 
long  horizontal  runs  between  floorbeams  to 
be  well  supported  to  avoid  sagging  and  traps. 
Avoid  all  condensation  of  gas  in  pockets  or 
depressions.  Keep  gas  pipes  and  risers 
away  from  pipes  or  flues  of  the  heating 
apparatus. 

Oas  Outlets. — Place  no  gas  outlets  behind 
doors  or  too  near  window  trims  or  curtains. 
Place  outlets  (or  side  lights  at  proper  height, 
and  center  lights  in  the  exact  center  of  the 
room.  At  completion  of  gas  piping,  check 
off  all  gas  outlets  from  plans.  Make  all 
nipples  and  drops  plumb,  and  of  proper 
length  for  the  fixtures. 

Test  of  Gas  Piping. — ^The  entire  gas  piping, 
when  completed,  and  before  plastering  is 
begun,  to  be  tested  by  gas-fitter  with  air 
pump  and  mercury  gauge  (22  inches  long); 
spring  gauges  are  not  reliable.  Test  the 
piping  under  a  pressure  equivalent  to  a 
column  of  mercury  in  gauge  18  inches  high 
(9  pounds  pressure).  Mercury  in  gauge 
must  stand  1  hour  without  indicating  a 
greater  fall  than  \  inch  per  hour.  All  leaks 
and  defects  which  the  test  reveals  to  be 
searched  for  with  ether  or  by  the  appli- 
cation of  soap  suds,  and  same  to  be  made 
good  by  gas-fitter.  No  split  pipe  or  broken 
fitting,  or  fitting  having  sand  holes,  to  be 
repaired  with  cement  or  solder.  In  large 
buildings,  test  gas  piping  in  sections.  After 
the  test,  have  a  number  of  capped  outlets 
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opened  slowly,  on  each  of  the  floors,  to 
make  sure  by  the  falling  of  the  mercury  in 
the  gauge  that  the  entire  piping  has  been 
under  the  test,  and  that  no  parts  are  acciden- 
tally or  intentionally  disconnected.  After 
test,  leave  all  outlets  capped  tightly. 

When  alterations  in  the  gas  are  made,  or 
additional  lights  are  put  in,  test  the  altered 
work  in  same  manner  as  in  the  first  test. 

Before  the  gas  fixtures  are  hunger  put  up, 
the  gas-fitter  to  repeat  the  test  in  the  presence 
of  the  contractor  for  the  gas  fixtures,  so  as 
to  demonstrate  to  him  the  tightness  of  the 
entire  piping.  This  leaves  the  fixture  man 
responsible  for  any  leaks  discovered  when 
the  gas  is  first  turned  on  at  fixtures.  After 
fixtures  are  hung,  the  contractor  for  the 
fixtures  to  apply  another  pressure  test  with 
3  inches  of  mercury  in  gauge. 

The  following  literature  on  the  subject  is 
recommended :  '  *  Gras  Piping  for  Buildings, '  * 
published  by  the  "Engineering  Record," 
New  York,  September,  1894;  Grerhard's 
<<Ga8  Lighting  and  Gas  Fitting,"  1893; 
"Specifications  and  Rules  for  House  Pi- 
ping," issued  by  The  United  Gas  Improve- 
ment Company,  Philadelphia  Gas  Works, 
1899;  Public  Statutes  of  Massachusetts  rela- 
ting to  gas-fitting,  and  revised  regulations 
pertaining  to  gas-fitting,  1898;  Rules  and 
Regulations  of  The  Denver  Consolidated  Gas 
Company;  Rules  of  the  Fire  Marshal  of 
Pittsburg  for  piping  for  natural  gas. 

FOR   DRAPTSMBN 

Wm.  C.  Terry,  North  Adams,  Mass. 

Having  a  considerable  number  of  drawings 
to  trace  and  letter  in  the  course  of  a  year,  I 
have  found  the  following  schemes  to  be  use- 
tal  when  a  neat  drawing  is  wanted.    Most 


Fio.  1 


draftsmen,  when  placing  the  dimensions  on 
a  drawing,  fail  to  get  them  all  of  a  uniform 
height,  being  influenced  by  the  surrounding 
lines  and  spaces.  I  have  overcome  the 
trouble  by  using  a  templet,  as  the  ordinary 
scale  or  rule  is  impracticable.  The  templet 
made  like  the  accompanying  sketch.  Fig.  1, 


is  cut  from  a  thin  piece  of  bristol  board,  or, 
what  is  better,  a  piece  of  thin  celluloid. 
The  shorter  space,  or  notch,  is  a  trifle  more 
than  the  required  height  of  the  whole  num- 
bers, while  the  larger,  or  outer,  one  is  right 
for  fractional  numbers. 

The  writer  will  mention  for  the  benefit  of 
beginners  in  drafting  that  he  uses  i  inch  and 


Fro.  2 

A  inch,  respectively,  for  the  height  of  whole 
and  fractional  numbers.  The  templet  is  held 
and  moved  over  the  drawing  by  the  left 
hand,  while  the  lettering  is  being  done  with 
the  right  hand,  in  the  usual  manner. 

Fig.  2  represents  a  method  of  obtaining  a 
constant  angle  for  freehand  lettering  on  tra- 
cing cloth.  Rule  a  piece  of  tough  drawing 
paper,  about  4  in.  X6  in.,  with  horizontal 
and  slanting  lines.  The  horizontid  lines  are 
spaced  alternately  to  correspond  with  the 
desired  height  of  letters,  and  the  space 
between  the  lines  of  lettering.  The  slanting 
lines  serve  as  guides  for  the  upward  and 
downward  strokes  of  the  letters.  An  angle 
of  70°  with  the  horizontal  is  very  good. 
Place  the  ruled  sheet  directly  under  the 
tracing  cloth  or  tracing  paper,  and  adjust 
the  sheet  until  the  horizontal  lines  upon  it 
are  parallel  with  the  horizontal  lines  of  the 
drawing.  After  the  lettering  is  sketched  in 
with  pencil,  a  very  fair  freehand  letter  can 
be  inked  in  after  a  little  practice.  You  will 
notice  that  the  slanting  lines  on  the  ruled 
sheet  will  not  always  coincide  with  the 
letters,  but  if  the  slanting  lines  on  the  ruled 
sheet  are  drawn  nearly  together,  there  will 
be  no  difficulty  in  getting  the  same  angle  to 
the  letters. 

CONNECTIONS  FOR  A  OA8  8TOVB 

Under  Chips  and  Spallp,  Sciencb  and 
Industry,  December,  1899,  a  subscriber  under 
the  nom  de  plume  Economist,  shows  how  he 
connected  up  a  gas  stove  by  placing  a  meter 
on  a  shelf  in  the  kitchen  and  then  asked  our 
readers  what  they  thought  of  his  plan. 

In  reply  to  Economist's  request  we  have 
received  so  many  communications  regarding 
his  plan  for  economizing  gas  that  we  cannot 
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pablish  them,  but  can   only   give  a  few 
extracts  from  some  of  them  as  follows: 

"The  amount  of  Economist's  gas  bill 
erdtea  my  interest  and  sympathy. 

"The  only  point  Economist  does  not 
mention  and  on  which  the  whole  question 
hinges  is:  Does  the  gas  company  read  off 
his  new  meter  at  eighty  cents  and  the  direct 
reading  of  the  old  one  at  a  dollar  and  a 
quarter?  If  so,  our  friend  had  better  pay 
oat  his  three  years'  saving  at  once  and  have 
the  job  done  right,  because  all  the  gas  that  is 
registered  on  the  new  reading  at  eighty 
cents  is  first  registered  on  the  old  one  at  a 
dollar  and  a  quarter.  Economist  is  in  reality 
paying  $1.25  -h  .80  =  $2.05  for  every  thou- 
sand cubic  feet  of  cooking  gas  he  uses, 
instead  of  eighty  cents,  as  he  imagines.  In 
justice  to  Economist,  the  gas  company 
should  deduct  the  difference  of  the  readings 
of  the  old  meter  at  a  dollar  and  a  quarter 
and  the  direct  reading  of  the  new  meter  at 
eighty  cents  for  his  cooking-gas  bill.  The 
gas  company  can  be  made  to  refund  the 
amount  of  their  overcharge.  That  is  my 
oiMnion,  not  of  his  scheme,  but  of  its  effects. ' ' 
— R.  H.  G.,  Flushing,  N.  Y. 

"Economist  should  see  to  it  that  the 
reading  of  the  kitchen  meter  is  subtracted 
from  the  reading  of  the  house  meter,  for  the 
gas  passes  through  both  meters  to  get^to  his 
stove.  He  pays  for  his  stoves  gas  twice." 
— G.  H.,  Suncook,  N.  H. 

"Subtract  the  quantity  metered  in  the 
kitchen  from  the  quantity  metered  in  the 
cellar,  and  Economist  will  avoid  paying  twice 
for  his  gas."— L.  A.  D.,  Grand  Rapids,  Mich. 
"The  company  from  whom  Economist 
buys  his|gas  would  no  doubt  pay  him  well 
to  make  such  connections  for  all  their  cus- 
tomers. He  is  a  grand  hand  at  robbing 
himself.  If  he  makes  separate  connections 
with  his  riser,  he  will  find  somewhat  of  a 
difference  in  his  bills."— J.  M.  W.,  Brook- 
lyn, N.  Y. 

"Economist  should  get  the  gas  company 
to  make  a  separate  connection  from  the 
service,  with  a  |-inch  pipe  to  the  range,  for 
he  certainly  does  not  have  a  sufficient  supply 
from  a  f-inch  pipe  to  run  the  oven  and 
top  burners  at  the  same  time.  It  is  poor 
economy  to  run  a  gas  range  under  A  of  the 
gas  pressure.  By  running  more  than  two 
burners  at  the  same  time,  you  reduce  the 
supply  at  each  individual  burner.  To  reduce 
the  light  bill  and  get  a  more  efficient  light, 
he  should  use  Welsbach  burners,  from 
which  he  will  get  a  60-candlepower  light  for 
lesB^than  \  cent  per  hour;  he  should  also 


place  check  burners  on  fixtures  where  the 
Welsbach  burner  is  not  used."— A.  R.  W., 
Omaha  Gas  Co. 

We  have  not  space  to  publish  any  more 
remarks  for  Economist's  benefit,  but  we 
take  this  opportunity  to  thank  our  sub- 
scribers for  their  kind  endeavors  to  show 
Economist  how  to  save  money. 

A  METHOD  FOR  RAISING  HEAVY  POLES. 


0.  P.  Sammona,  Rock  Tstand^  HI. 

1  Givs  below  a  good  scheme  that  I  use 
successfully  on  line-construction  work  for 
raising  poles  from  35  to  75  feet  in  length. 
With  the  use  of  a  team  of  horses,  three  men 
can  set  any  size  pole  with  perfect  ease  and 
safety.  One  man  is  needed  to  drive  the 
team  and  one  or  two  near  by  to  guide  the 
pole.  The  method  used  will  be  clear  from 
the  cut  given.  Use  a  pair  of  pulleys  (two- 
way)  and  a  snatch  block  at  the  bottom  of 
the  pole.  About  250  feet  of  }-inch  rope  is 
necessary,  and  this  is  strong  enough  for 
raising  any  ordinary  size  of  pole.  The  block 
may  be  fastened  at  the  top  of  the  old  pole 


with  a  sling,  and  in  cases  where  I  have  no 
old  pole  to  hitch  to  I  set  up  a  small 
28-foot  pole  on  top  of  the  ground  and- guy  it 
four  ways  with  J-inch  rope.  I  use  four  guy 
Unes  100  feet  long.  A  team  and  three  men 
will  set  25  poles  per  day  where  the  holes  are 
all  dug.  A  block  attached  to  the  pole  should 
be  in  such  a  position  that  the  pole  will  be 
very  nearly  balanced  when  lifted  from  the 
ground.  After  a  couple  of  trials  a  point  will 
be  easily  found  where  the  block  is  so  situ- 
ated that  the  butt  end  of  the  pole  will  be  a 
little  heavier  than  the  other  end,  so  that  the 
pole  may  be  easily  guided  into  the  hole. 
Formerly  it  required  from  eight  to  ten  men 
to  set  40-foot  poles  with  pike  poles,  but  this 
method  requires  only  three  men  and  a  team, 
as  described  above. 
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EDITORIAL  COMMENT 


PILLBY  COMBINATION  PLUS  BRUSH  AND 
8CRAPBR 

Thb  St.  Louifi  Steel  Wire  Brush  Ck)inpaiiy, 
318  North  Main  Street,  St.  Louis,  Mo.,  has 
brought  out  a  uew  combination  flue  brush 
and  scraper  that  in  one  operation  cuts  the 
scale  and  pushes  it  out  of  the  flue.  These 
scrapers  are  made  of  malleable  iron  and  are 
carried  on  four  steel  arms  fastened  in  the 
center.  They  are  expanded  or  contracted 
by  turning  the  rod  to  the  right  or  left, 
thereby  moving  the  slide  up  or  down  on  the 
threaded  rod  in  the  center.  The  brush  is 
made  of  flne  round  tempered  steel  wire,  the 
wires  passing  entirely  through  the  holes  in 
the  center,  and,  being  fastened  on  the  inside, 
make  it  impossible  for  them  to  come  out  or 
lay  over.  The  whole  is  constructed  of  the 
best  material  and  designed  for  hard  and 
rough  usi^e.  It  will  save  time  and  labor, 
and  is  thus  of  value  to  employer  and  engi- 
neer alike. 

QA8  BNOINBS  FOR  MINBS 

The  Weber  Gasoline  Engine  Company,  of 
Kansas  City,  Mo.,  after  keen  competition 
with  the  leading  gas-  and  gasoline-engine 
builders  of  the  United  States  and  Europe, 
has  secured  one  of  the  laigest  single  orders 
ever  given  for  this  kind  of  an  engine.  These 
engines,  aggregating  450  horsepower,  and 
costing  $50,000,  are  to  be  built  for  the  Ray 
copper  mines,  in  Arizona,  and  are  to  be 
operated  by  No.  F.  H.  distillate,  at  a  cost  of 
6  cents  per  horsepower-hour.  This  order 
must  be  installed  and  in  operation  by 
April  Ist,  and  to  do  this  the  Weber  company 
must  operate  its  plant  day  and  night.  That 
this  corporation  stands  in  the  front  rank  of 
gasoline-engine  builders  is  also  evidenced  by 
the  fact  that  they  have  received  an  order  for 
a  30-horBepower  engine  to  be  installed  at  the 
Norwegian  copper  mines,  Lyngeford  Island, 
on  the  northern  coast  of  Norway. 

DRAWING  TABLB8 

Wb  havs  received  the  latest  catalogue  of 
The  J.  G.  Alexander  Manufacturing  Com- 
pany, 18  Bowery  Street,  Grand  Rapids,  Mich., 
manufacturers  of  drawing  tables,  office  furni- 
ture, etc.  The  catalogue  contains  descrip- 
tions and  illustrations  of  the  numerous 
diflerent  styles  of  drawing  tables  manufeu:- 
tured.  With  the  variety  of  tables  shown, 
varying  from  the  small  school  table  to  the 
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largest  table  adapted  for  drafting-room  use, 
no  trouble  should  be  experienced  in  selecting 
a  table  adapted  to  the  needs  of  any  one.  In 
addition  to  drawing  tables,  filing  cases  for 
plans  and  drawings,  work  benches,  roll-top 
desks,  typewriter  desks,  and  blank  cabinets 
are  illustrated  and  prices  quoted. 

BOOK  NOTICB8 

The  Empire  or  the  South.  Published  by 
The  Southern  Railway  Company. 

It  has  been  the  aim  in  the  preparation  of 
this  volume  to  present  in  a  frank  and  force- 
ful manner  an  unbiased  and  interestingly 
written  statement  of  the  development  of  the 
Southern  States  in  manuflACturing,  oommeroe, 
agriculture,  and  all  lines  of  human  activity. 
There  is  not  a  line  of  advertising  in  it,  con- 
cealed or  otherwise,  and  the  volume  may 
well  be  accorded  the  credit  of  being  the 
most  comprehensive  treatment  of  southern 
material  interests  ever  published.  The  typo- 
graphical appearance  of  this  volume  is  very 
fine  indeed,  the  half-tone  illustrations  being 
of  a  very  superior  quality.  Although  the 
pictures,  of  which  there  are  over  five  hun- 
dred, are  at  first  sight  the  most  attractive 
feature  of  the  book,  the  text  is  no  less  inter- 
esting and  instructive.  It  is  the  work  of 
Frank  Presbrey,  a  well-known  student  of, 
and  writer  on,  the  South.  Copies  may  be 
had  for  15  cents,  the  exact  cost  of  mailing, 
by  addressing  Ch.  Hopkins,  Division  Pas- 
senger Agent,  828  Chestnut  Street,  Philadel- 
phia, Pa. 

The  Choice  of  a  College  for  a  Boy.  By 
Charles  Franklin  Thwing.  Price,  35  cents. 
New  York,  T.  Y.  CrowellA  Co. 

This  little  book,  by  Dr.  Thwing,  of  Western 
Reserve  University,  is  intended  as  a  guide  to 
the  young  man  that  may  be  contemplating 
a  college  course  but  who  has .  not  quite 
decided  on  the  college  he  wishes  to  enter. 
The  book  deals  with  such  subjects  as  loca- 
tion, expense,  small  versus  large  colleges, 
scholarship,  and  many  other  interesting 
questions.  We  notice  one  interesting  state- 
ment to  the  effect  that  the  proper  amount  of 
money  for  a  young  man  to  be  supplied  with 
per  year  in  order  to  do  effective  work  may 
be  obtained  by  adding  together  the  fee  for 
tuition  and  the  cost  of  board  and  ro(«n  and 
doubling  the  result.  It  would  be  interest- 
ing to  know  how  nearly  this  approaches  the 
average  yearly  expenditure  of  students  in 
our  colleges. 


Digitized  by 


Google 


Note. — Addrew  oil  leUen  containing  queHions  to  be 
answered  in  Vat  department  to  Science  and  Industry, 
Seranton,  Pa. 

1.  Put  thit  addrem  bttth  on  the  envelope  and  at  the 
head  of  the  letter. 

t.  Only  quettiona  qf  general  interest  to  our  readers 
will  be  answered. 

5.    yo  questions  vriU  be  answered  by  mail. 

i.  Drawings  or  sketches  accompanying  questions  should 
be  made  on  a  separate  sheet  qf  paper,  and  should  be 
drawn  as  dearly  as  possible. 

5.  The  names  and  addresses  qf  the  writers  must 
accompany  the  letters,  or  no  attention  will  be  paid  to 
them.  Unless  otherwise  requested,  we  will  publish  only 
the  iniiials  and  address  qf  the  writer. 

6.  Reference  to  inquiries  previously  answered  should 
give  date  of  issue  and  number  of  question. 

7.  Q^esHons  cannot  be  answered  in  the  issue  qf  the 
month  immediaiely  following  their  receipt. 

S.  Any  book  not  out  qf  print  and  for  sale  by  regular 
dealers  may  be  ordered  through  the  magazine. 

[Mr.  F.  B.  Arnold,  enaineerin  charge  of  the  power 
home  of  The  Boston  Terminal  Oompany.  Boston, 
Man.,  kindly  lends  as  the  following  Information 
relating  to  a  machine  that  is  there  used  for  operating 
lights  ftom  one  machine  on  the  three-wire  system. 
Tnlsls  the  system  referred  to  in  '*  The  Steam-Electric 
Magasine/' September,  1899,  Answers  to  Inquiries, 

The  machines  in  question  are  connected  as  follows: 

From  every  eighth  coil  of  the  regular  direct-current 

winding  Is  led  a  tap  that  is  connected  to  a  collector 

ring  as  shown  in 
Fig.  (a).  On  the 
actual  machine 
there  are  eight 
poles,  so  that  there 
are  four  taps  lead- 
ing to  each  ring, 
instead  of  one,  as 
shown  in  the 
figure.  Thismakes, 
in  reality,  a  perfect 
quarter-phase 
alternator.  From 
the  four  collector 
rings  the  current 
passes  through  two 

balance  or  choke  coils,  as  shown  in  Fig.  (b).    Let 

ill,  -^s*  ^1  •  <uid  Bt  rep- 
resent the  four  rings 

with    90P  dUTerenoe 

in  phase  between  A 

and  B;  Oi  and  Ct  rep- 
resent the  choke 

colls,  and  wire  a  is 

the  neatral  wire  of 

the  system.    Now,  if 

we  consider  Oi  and 

C^  as  the  colls  that 

sze  wound  on  a  single 

core  with  an  equal 

number  of  tarns  on 

either    side,    we 

always  have  at  s  a 

potential  that  is  one- 

balf    that   between 

the  rings  A\  and  At  or  Bi  and  Bf,  regardless  of  the 


position  of  their  respective  armature  coils,  and  never 
more  than  one-half  the  potential  of  the  machine. 
In  reality,  we  have  an  armature  as  shown  in  Fig.  (c). 
if  we  assume  that  the  coils  Ci  and  Ca  are  placed 


within  the  armature  itself.  Thus,  the  neutral  wire 
is  always  connected  at  0,  the  potential  between  0 
and  either  side  of  the  system  being  in  rapid  alter- 
nation from  O  to  one-half  the  voltage  of  the  machine. 

* 

*  * 

(1)  (a)  Please  give  rule  for  flouring  out  the  taper 
on  a  piece  of  work,  (b)  In  cutuuff  a  taper  1  inch  to 
the  foot,  how  fiur  over  do  I  set  the  tsUstock  ?  ( e)  Does 
it  make  any  difference  if  the  taper  starts  a  certain 
distance  from  the  end?  (d)  Is  there  a  standard 
taper  in  pipe  taps  7  If  there  is,  please  give  the  diam- 
eter of  small  end.  C.  W.  J.,  Ravenswood,  111. 

Ans.— (a)  When  a  piece  of  work  is  to  have  a  taper 
of,  say,  1  inch  to  1  foot,  this  means  that  the  diameter 
on  the  big  end  of  the  taper  is  to  be  larger  than  that 
on  the  small  end  by  ^  inch  for  each  inch  of  length  of 
the  tapered  piece;  thus,  if  the  piece  is  1  inch  in 
diameter  at  the  small  end,  and  if  it  is  6  inches  long, 
the  large  diameter  will  be  ^  X  6  «  1  inch  larger,  or 
1^  Inches  in  all.  (b  and  c)  The  tailstock  must  be  set 
over  a  distance  equal  to  one-half  the  taper  multi- 
plied by  the  distance  between  lathe  centers,  (d)  See 
September,  1899,  number  of  **The  Mechanic  Arts 
Magazine,"  Answers  to  Inquiries,  No.  221. 
* 
«  « 

(2)  (a)  Has  there  not  been  a  company  in  the 
Eastern  States  that  has  been  extracting  gold  from 
sea-water?  If  so,  was  it  done  by  electrolysis,  and,  if 
not.  how  was  it  done?  (b)  Can  water  be  decom- 
posed and  separated  into  its  elements  by  a  spark 
from  the  static  machine?  (c)  Can  this  decomposi- 
tion be  satisfactorily  accomplished  without  adding 
acid  to  Increase  the  conductivity  of  the  water? 

B.  F.  L..  Chicago,  111. 
Ans.— (a)  A  company  was  formed  for  extracting 
gold  from  sea-water,  but  it  had  a  very  short  life. 
The  amount  of  gold  in  sea-water  is  so  extremely 
small  that  it  does  not  pay  to  extract  it.  The  method 
was  to  extract  the  gold  by  electrolysis,  so  far  as  we 
know,  but  the  promoters  were  very  secret  as  to  the 
methods  they  used,  and  the  whole  scheme  was  very 
visionary,  to  say  the  least,  (b)  Water  may  be  decom- 
posed by  sending  a  stream  of  sparks  through  it  fh>m 
a  static  machine,  or,  in  other  words,  sending  current 
fh>m  a  static  machine  through  it  in  Just  the  same 
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way  as  from  a  battery.  The  volume  of  carrent,  how- 
ever, obtained  from  a  static  machine,  is  so  extremely 
small  that  the  amount  of  water  that  may  be  decom- 
posed, by  this  means,  in  a  reasonable  length  of  time, 
is  80  small  that  this  method  is  never  used  in  practi- 
cal work,  (c)  When  water  is  decomposed  by  using 
batteries,  it  is  always  customary  to  add  acid  in  order 
to  decrease  the  resistance,  because  the  electromotive 
force  at  hand  is  fairly  low.  In  the  case  of  a  static 
machine  it  would  hardly  be  necessary  to  add  acid, 
because  the  pressure  available  is  exceedingly  high. 


local  lines  in  towns  and  cities,  Nos.  11, 12,  and  even  14 
B.  W.  G.;  between  towns  and  cities  not  too  far  apart. 
No.  A  B.  W.  G.;  between  fkr-distant  cities,  such  as 
New  York  and  Chicago,  No.  4  B.  W.  G.  Copper  is 
superior  to  iron  and  is  rapidly  replacing  the  latter, 
especially  for  long  telegraph  lines.  No.  18  B.  W.  G. 
copper  is  about  equivalent  to  No.  11  B.  W.  G.  iron; 
No.  15  copper  to  No.  8  iron;  and  No.  12  copper  to 
No.  4  iron.  However,  a  smaller  hard-drawn  copper 
wire  than  No.  14  B.  &  S.  gauge  i«  very  seldom  if  ever 
used  for  bare  overhead  line  wires. 


(8)  I  have  an  inflow  of  100  gallons  of  water  per 
minute  in  a  mine,  and  I  want  to  buy  a  pump  capable 
of  lifting  it  1,200  ft.;  steam  pressure  at  80  lb.  How 
shall  I  figure  the  size  of  pump  to  do  the  work  ? 

K.  E.  G.,  Qnerida,  Colo. 

Ans.— Assuming  a  mean  efTective  steam  cylinder 
pressure  of  50  lb.,  at  the  foot  of  the  shaft,  we  calcu- 
late the  diameters  and  stroke  of  a  simple  single 
direct-acting  pump  to  discharge  100  gallons  of  water 
per  minute  under  a  vertical  lift  of  1.200  ft.,  as  fol- 
lows:   Assume  for  this  lift  a  piston  speed  of  80  ft. 

/ioo 


per  minute;  then,  for  water  cylinder,  d  =  5.585a/ 
»  6.188  in.,  say  6fV  in.;  and,  for  steam  cylinder, 
.        .    /iodxT200 
^  =  N    50  X80 

make  the  length  of  stroke  24.  in 


-  21.909  in.,  say  22. in.     If  we 


'  2  ft.,  then 


=  number  of  strokes  per  minute.  The  horsepower 
of  the  lift  will  be  found  f^om  the  formula  H.  P. 
=  .00088  Oh  =  .00088  X  100  X  1,200  =  46.6  horse- 
power. 

•% 

W  (4)  Please  show  me  how  to  calculate  the  re8i8^ 
ance  of  the  circuit  shown  in  the  accompanying 
figure;  that  is,  what  is  the  reMstance  from  T+  to 
r-  T  G.  W.  M..  Little  Rock.  Ark 

Ans.— The  renstance  of  this  circuit  iff  easily  calcu- 
lated by  applying  the  law  for  the  resistance  of 


T*' 


-^ 


r— 


1     d     ^fj     7 


P 


divided  circuits:  that  is,  if  yon  have  two  circuits 
A  and  B  in  parallel,  the  resistance  of  the  two  com- 
bined is  /?  =  "*  ^  ^.    Starting  at  the  right-hand  end 

A   '\-  JS 

of  the  circuit,  we  have  1  f  2  +  1  =  4  ohms  in  parallel 

with  2  ohms.    Hence,  we  can  replace  these  last  four 

resistances  by  a  single  resistance  connected  between 

4X2 
the  points  o,  6,  which  will  be  equal  to  ----  ^  1  i  ohms. 

Now  we  can  combine  this  1}  ohms  with  the  two 
4-ohm  colls,  making  9}  ohms  in  parallel  with  the 
]-ohm  coil  cd,  and  soon  until  finally  we  reach  the 
first  resistance  coil  of  the  circuit.  If  you  follow  out 
this  calculation  you  will  find  that  the  total  resistance 
of  the  circuit  will  be  2.8ft  ohms;  that  is,  you  have  the 
two  first  resistances  of  1  ohm  each  and  the  combi- 
nation of  the  resistances  beyond  the  firft  two  is  .84 
ohm.  We  have  not  given  the  complete  Bolution.'as  it 
would  take  up  too  much  space  and  it  is  not  a  problem 
of  general  interest  to  our  readers. 

« 
«  « 

(5)  What  number  of  wire,  either  copper  or  iron, 
will  give  best  results  for  long  and  ^hort  di*«unce8  on 
telegraph  lines?  F.  W.  W.,  Roclcford.  111. 

Ans.— For  telegraph  lines,  experience  has  nhown 
the  following  sizes  of  iron  wire  to  be  suitable:    For 


(6)  Kindly  describe  a  practical  and  correct  method 
of  straightening  an  iron  stack  that  has  settled  to  one 
side,  without  taking  it  down,  by  cutting  the  bottom 
sheet;  for  example, 
a  stack  190  ft.  high, 
12  in.  in  diameter, 
leaning  over  at  the 
top  7^  inches. 

W.  D., 
Harrlsborg,  Pa. 

AN8.-~Out  of  the 
bottom  sheet  a 
wedge-shaped  ring 
must  be  cut,  as  shown 
in  the  accompanying 
sketoh  at  (6).  The 
height  h  of  this  wedge 
bears  the  same  pro- 
portion to  the  diam- 
eter d  of  the  stack  aH 
the  lean-over  e  does 
to  the  height  H  of 

the  stack,  or  ^^  =   *  ;  thus,  h  =  ^J.    This  height  h 

d         Ji  a. 

will  be  very  small  generally:  in  your  example,  for 
instance,  itwlllbe  A  =  j^^^  =  •<>*  ^^'  <»»ly-  ^n 
incision  with  a  saw  would  do  the  business  in  this 
After  cutting,  a  patch  must  be  put  on. 


(7)  (a)  Is  there  any  method,  other  than  the 
weir,  by  which  the  flow  of  an  Artesian  well  can 
be  measured?  (b)  Could  the  flow  be  measured 
by  means  of  the  pressure  in  the  pipe? 

D.  H.  J..  San  Bemardina,  Cal. 
Ans.— (a)  If  the  flow  ftom  the  well  Is  small,  it 
might  be  measured  by  allowing  it  to  fill  one  or  more 
tanks  of  known  capacity  and  observing  the  time 
required,  (b)  The  flow  could  be  estimated  by 
forcing  the  discharge  to  take  place  through  a  nozzle, 
and  measuring  the  pressure  in  the  pipe  Just  back  of 
the  nozzle.  If  p  =  pressure  in  the  pipe  at  the  nozzle 
in  lb.  per  sq.  in.,  and  d  =  diameter  of  the  nozzle 
in  inches,  the  quantity  of  water  discharged  by  the 
nozzle  in  cu.  ft.  per  sec.  is  given  approximately 
by  the  formula  Q  »  .065  d'y^p.  This  formula 
assumes  that  the  nozzle  is  of  such  a  form  that 
the  actual  discharge  is  .96  of  the  theoretical  dis- 
charge. Any  attempt  to  measure  the  fiow  by  means 
of  a  nozzle  would  probably  reduce  the  flow,  since 
it  would  have  the  eflTect  of  increasing  the  back 
pressure  or  head  against  which  discharge  would 
take  place. 

* 
»  « 

(8)  We  have  a  150  H.  P.  Corliss  engine,  developing 
at  present  80  H.  P.  We  use  the  exhaust  steam  for  heat- 
ing water  for  the  trailers  and  the  factory.  The  steam 
passes  through  two  heaters  and  then  into  the  air. 
But,  as  only  part  of  the  exhaust  steam  is  used  in  the 
heaters.  I  propose  to  put  a  back-pressure  valve  on 
the  exhaust  pipe,  set  the  valve  to  6  lb.,  and  uae  the 
steam  to  heat  the  water  in  the  kettles  used  for  aising 
hats.  At  certain  times  of  the  day  there  is  not  enough 
exhaust  steam,  and  for  that  reason  we  propone  to 
connect  a  live-steam  pipe  to  the  kettle^,  with  an 
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MitoBDAtic  valve  to  give  a  oontinaoas  flow  of  steam 
to  the  kettlee.  Our  boUer  presore  li  76  lb.  Will  the 
provoeed  change  reduce  the  coal  conramptlon  T  Will 
we  have  (o  increaae  the  boiler  preesore  to  get  the 
lame  work  from  the  engine  T 

M71).  M.,  New  MUford,  Conn. 
Am.— Your  engine  being  badly  onderloaded,  an 
increaae  in  the  back  preaaore  will  cause  a  later 
entKiir,  it  being  an  automatic  cnt-ofT  engine.  This 
will  caoae  slightly  better  economy.  The  proposed 
change  will  probably  reduce  the  coal  consumption 
sllg;htly;  whether  the  saving  eilfected  will  be  suffi- 
cient to  warrant  the  expense  of  the  changes  we 
cannot  tell  without  a  personal  examination.  It  is 
not  necessary  to  increase  the  boiler  pressure. 


(9)  What  can  I  use  to  separate  iron  fh>m  old 
brass  and  copper,  and  copper  nt>m  lead  and  tin,  in 
melting  them  7  J.  A.  M.,  PhUadelphia,  Pa. 

Amb.— Iron  cannot  be  separated  from  old  brass  and 
copper  during  melting.  Previous  to  melting,  a  very 
good  separation  can  be  made  by  a  magnetic  separa- 
tor, which  will  remove  the  iron  from  brass  chips.  In 
ease  the  chips  contain  grease,  it  will  be  necessary  to 
wash  them  with  hot  soda  water  first  and  then  treat 
them  with  the  magnetic  separator.  Copper  cannot 
be  separated  from  lead  and  tin  during  melting  in 
any  practical  manner,  nor  can  a  compound  contain- 
ing sine  be  separated  successAiUy.  If  an  alloy  con- 
tains these  deleterious  elements,  it  will  have  to  be 
used  in  the  manufkcture  of  some  other  alloy  in 
which  they  are  not  objectionable  and  in  which  they 
can  be  diluted  by  new  metal  to  such  an  extent  as  to 
do  no  damage. 

«*» 

(10)  What  kind  of  a  machine  is  used  to  make  the 
eyes  in  miners'  picks?  D.  M.  H.,  Peru,  111. 

AXB.— The  best  machines  for  forging  pick  eyes  are 
known  as  forging  presses,  and  are  manufactured  by 
Beandry  Hammer  Go.,  Boston,  ICass..  and  The  E.  W. 
BUss  Go.,  17  Adams  Street,  Brooklyn,  N.  Y. 


(11)  (a)  Where  can  I  get  a  brace  that  will  hold 
the  bit  when  being  pulled  out?  {b)  What  is  the 
meaning  of  the  following  words  taken  from  Psalm 


119:  Aleph.  Beth,  Van,  Zain,  Cheth.  Yeth,  Jod.  Caph, 
Lamed,  Hem,  Nun,  Samecb,  Ani,  Pe,  Ysaddi,  Koph, 
Besh,  Schin,  Van  ?  A.  P.  A..  Gold  Hill.  Ala. 

Aii8.-'(a)  Oonsult  the  advertising  columns  of  this 
publication,  or  send  to  Montgomery  Tool  Co.,  Fulton 
Street,  N.  Y.  (b)  The  words  headiug  each  division  of 
Psalm  119  are  the  names  of  the  Hebrew  alphabet 
characters  in  their  order,  and  are  represented  In  our 
alphabet  by  the  following  letters:  A,  B,  G,  D,  H,  U, 
Z,  C  Th,  Y.  K.  L.  M.  a  A  (quiescent),  P,  Ts,  Q,  R, 
a.  T. 

»*• 

(12)  Qm  yon  recommend  a  good  book  on  horse- 
shoeing? A.  C.  A,  Freedom  Plains,  N.  Y. 

Ans.— We  cannot  find  any  book  on  this  subject  Iln 
the  catalogues  here  on  file.  Perhaps  one  of  our 
readers  may  know  of  one. 

.*« 

(18)  Which  is  the  more  economical  way  of  runn  Ing 
belts— flesh  or  skin  side  next  to  pulley? 

D.  8.,  Dolgeville,  N.  Y. 

AVB.— This  question  is  by  no  means  definitely 
decided,  and  probably  never  will  be,  since  there  are 
two  things  to  be  considered:  greatest  adhesion  and 
greatest  durability.  Running  the  flesh  side  next  to 
pulley  gives  greater  adhesion,  especially  with  new 
belts  and  new  metal  pulleys.  In  the  case  of  old 
belts  and  old  pulleys  it  is  usually  found  that  the 
grain  side  drives  better.  For  durability,  the  grain 
side  should  be  run  next  to  the  pulley,  as  the  fibers 


next  to  the  flesh  side  are  stronger  by  a  considerable 
amount  than  the  grain-side  fibers,  and  it  is  the  out- 
side fibers  that  have  to  withstand  the  greatest  stress, 
especially  when  pulleys  are  small.  The  Interna- 
tional Oorrespondence  Schools,  In  accord  with  many 
practical  engineers,  recommend  running  the  grain 
side  next  to  the  pulley,  and  we  believe  this  to  be  the 
prevailing  practice  In  this  country.  European  engi- 
neers, especially  on  the  continent,  almost  invariably 
run  the  fiesh  side  next  to  the  pulley. 


(14)  Is  there  any  method  of  taking  copies  of 
printed  matter  from  magadnes  by  letterpress,  or  by 
any  other  method  ?         H.  H.  E.,  Waynesboro,  Pa. 

Anb.— No. 

*  * 

(15)  Please  tell  me  through  your  columns  (a)  the 
best  method  for  lighting  gas  with  an  induction  coil; 
{b)  some  form  of  rigging  to  be  used  to  light  a  gas 
stove.  G.  J.  H..  MUwaukee,  Wis. 

Anb.— (a)  The  ordinary  arrangement  for  lighting 
a  gas  Jet  with  an  induction  coil  is  shown  in  the 
figure.  P  is  the  primary  of  the  induction  coil  and  S 
the  secondary;  b  and  b'  are  two  tips  attached  to 
the  jet  by  insulating  material.  These  two  tips  are 
connected  to  the  secondary  of  the  induction  coil. 
When  the  switch  a  is  closed  a  spark  Jumps  between 
the  gaps,  thus  lighting  the  gas.  (b)  We  do  not  know 
the  style  of  burner  to  which  you  wish  to  attach  this 
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igniter,  but  from  the  above  diagram  you  should  be 
able  to  rig  up  a  pair  of  electrodes  b,  V  at  some 
point  on  the  burner  where  they  can  be  easily  con- 
nected. You  must  see  that  these  electrodes  are  very 
thoroughly  insulated  by  some  such  insulating  mate- 
rial as  asbestos  or  mica,  that  will  stand  considerable 
heat;  also,  the  wires  leading  from  the  secondary  to 
the  igniter  must  be  thoroughly  insulated.  For  work 
of  this  kind  it  would  probably  be  more  satisfactory 
to  arrange  an  Igniter  using  an  ordinary  spark  coil 
with  some  kind  of  wiping  contact  at  the  burner 
Instead  of  an  induction  coil,  because  you  will  find  it 
a  difficult  matter  to  keep  the  induction-coil  outfit  in 
good  working  order.  This  latter  method  is  the  one 
generally  employed  in  ordinary  gas-lighting  work. 


(16)  Win  you  give  me  some  test  to  distinguish 
between  flrst-clasK  anthracite  coal  and  the  inferior 
grades  of  the  same?  W.  L.X.,  Ottawa. 

Ans.— The  quality  of  coal  may  be  determined  by 
the  ash  test,  which  is  made  by  burning  a  weighed 
portion  of  the  coal  in  a  small  porcelain  crucible. 
The  heating  can  be  accomplished  over  a  gss  burner 
or  alcohol  lamp.  The  material  should  be  kept  at  a 
red  heat  with  free  access  of  air  until  only  a  red  or 
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gray  ash  remaliu.  This  ash  Bhould  then  be  weighed 
and  the  percentage,  as  compared  with  the  coal, 
calculated.  A  good  anthracite  should  not  contain 
more  than  10)(  ash,  but  it  will  occasionally  run  as 
high  as  14^  or  159(.  A  good  anthracite  should  be 
glossy  in  appearance  and  should  break  with  a 
oonchoidal  fhicture.  When  it  has  slaty  streaks 
running  through  it,  it  is  apt  to  run  high  in  ash  and 
is  generally  of  a  poor  quality.  Almost  any  druggist 
has  the  necessary  apparatus  for  making  an  ash  test. 


(17)  In  the  accompanying  diagram,  Z.  is  a  three- 
core  cable  45  miles  long.  No.  8  wire  is  duplexed; 
No.  1  wire  has  two  offices  cut  in  besides  wl  and  C; 
No.  2  has  about  twenty  offices  cut  in  besides  A,  B, 
and  0.  I  am  located  at  B.  the  last  office  before  the 
line  enters  the  cable  on  this  side.  The  distance  fh>m 
B  to  C  is  86  miles.  One  day  the  key  of  No.  2  was 
open  at  A,  and,  happening  to  Insert  my  ground  plug 
at  y  I  found  that  my  relay  gave  a  click  the  instant 
the  plug  made  contact.     The  current  was  only 


momentary  but  was  quite  strong,  for,  by  pulling  my 
relay  spring  to  flill  tension,  it  would  not  hold  the 
lever,  and  on  connecting  a  4K>hm  sounder  to  the 
wires  eand  /  the  sounder  gave  the  same  click. 
Please  give  the  probable  reason  of  the  current 
causing  the  click,  and  also  the  reason  it  was  so 
strong.  R.  W.  T.  B.,  Departure  Bay,  B.  C. 

An8.— Without  more  definite  information  and  data 
a  definite  reply  can  hardly  be  given  to  your  ques- 
tion. However,  the  following  explanations  are 
offered:  If  the  key  on  line  No.  2  at  office  A  is  open, 
and  line  No.  2  is  neither  grounded  nor  crossed  with 
either  line  No.  3  or  No.  1,  then  a  momentary  current 
is  probably  due  to  a  very  large  electrostatic  capacity 
between  line  No.  2  and  either  line  No.  8  or  No.  1  in 
the  45  miles  of  cable.  A  very  bad  leak  or  a  cross 
between  offices  A  and  B  and  between  line  No.  2  and 
either  line  No.  3  or  line  No.  1  might  possibly  account 
for  the  heavy  current  mentioned.  The  large  current 
would  be  due  to  the  large  electrostatic  capacity  In 
the  cable  or  to  the  high  voltage  used  on  line  No.  1  or 
No.  8,  or  to  both. 


(18)  (a)  Where  can  I  get  a  table  containing  the 
numerical  values  of  sines,  cosines,  tanfl:ents,  and 
cotangents  of  angles T  (b)  Also  a  table  of  hyperbolic 
sines,  nyperbolic  cosines,  hyperbolic  tangents,  and 
hyperbolic  cotangents?  (}an  you  supply  them,  and 
what  is  the  price?  (c)  What  is  the  .4th  power,  the 
.6th  power,  the  1.6th  power,  and  the  5.8th  power  of  a 
number?  (d)  What  is  the  price  of  the  latest  edition 
of  W.  C.  Ayrton's  book  •  Practical  Electricity  "  ? 

J.  B..  Central  PallB.  R.  I. 

Aks.— (a)  The  "Mechanics'  Pocket  Memoranda" 
contains  a  convenient  four-place  table  of  sines, 
cosines,  tangents,  and  cotangents  of  angles.  It  can 
be  obtained  from  The  Technical  Supply  Co.,  Scran- 
ton,  Pa.;  prfce,  S1.50.  For  calculations  requiring 
greater  accuracy  than  is  attainable  with  four-place 
tables,  the  best  tables  are  "  Vega's  Logarithmic  and 
Trigonometrical  Tables,"  which  can  be  had  from 
The  Technical  Supply  Co.;  price,  $2.50.  (5)  A  table 
of  hyperbolic  functions  Is  given  in  Des  Ingenieurm 
DMchenhwh.    The  Technical  Supply  C-o.  can  obtain 


this  book  for  you,  but  it  would  require  some  time,  as 
the  book  would  have  to  be  imported  from  Germany. 

m 

(c)  If  m  and  n  are  integers,  a**  means  the  nth  root 

m  4 

of  the  TOth  power  of  a;  thus,  a*  =  i/a^;  a*   =   a^^ 

? 
=  a*  =   ya^;   a«  =  ya*;  a^-*  =  a  X  a"*  =    ox 

V^a«:  d^'*  'm  cfi  X  a-*  =  cfi  x  v^o*.  (d)  The  price 
of  Ayrton'ji  *'  Practical  Electricity  "  is  $2.50.  It  may 
be  obtained  from  The  Technical  Supply  Co.,  Scran- 
ton,  Pa. 

«  • 
(19)  (a)  Please  give  a  formula  for  the  safe  pres- 
sure on  cylinders  when  the  pressure  is  applied 
externally,  (b)  How  much  external  pressure  would 
a  cylinder  made  of  hemlock  1  in.  thick  safely  carry, 
the  length  of  the  cylinder  being  15  ft.  and  its  diam- 
eter 14  ft.?  A.  M.,  Port  Morieu,  N.  S. 
Ans.— (a)  For  a  perfect  cylinder  subjected  to  a 
uniform  external  pressure,  the 
formula  for  the  safe  working 
pressure  in  lb.  per  sq.  in.  isp  => 

—/,  in  which  t  =  thickness  of 

a 

cylinder  walls  in  inches;  d  « 
diameter  of  cylinder  in  inches: 
and  S  =  safe  compressive 
strength  in  lb.  per  sq.  in.  of  the 
material  of  which  the  cylinder 
is  made.  Since  it  is  difficult  to 
make  a  perfect  cylinder,  this 
formula  cannot  be  relied  on; 
any  change  fh>m  the  cylindrical  form  weakens 
the  cylinder,  and  makes  it  liable  to  faU  by  col- 
lapsing under  a  pressure  less  than  that  given  by 
the  above  theoretical  formula.  It  is  difficult  to 
construct  a  perfect  cylinder  or  to  keep  the  cylindrical 
form  when  under  pressure,  and,  since  the  amount  of 
weakening  varies  with  the  amount  of  variation  finom 
the  circular  form,  it  is  difficult  to  calculate  the 
external  pressure  that  a  cylinder  of  given  dimen- 
sions will  stand,  (b)  Unless  stifTened  by  flanges, 
heads,  or  braces,  such  a  cylinder  would  not  stand  a 
very  heavy  pressure.  Just  how  much  it  could  be 
made  to  carry  Is  hard  to  calculate. 


(20)  (a)  What  is  the  economical  effect  of  cushion 
valves  in  the  steam  ports  ofpumping  engines?  (b) 
Please  explain  their  use.       w.  A.  M.,  Victor.  Colo. 


Ans.— (a)  Cushion  valves  are  used  to  regulate  the 
amount  of  compression  so  as  to  secure  a  constant 
stroke  of  the  pump  plunger.  By  so  adjusting  the 
valves  that  the  maximum  stroke  of  the  pistons  that 
is  possible  without  striking  the  heads  is  obtained,  the 
losses  fh>m  clearance  in  the  steam  cylinders  are 
reduced  to  a  minimum,  (b)  The  use  of  the  cushion 
valves  was  ftilly  explained  in  "The  Mechanic  Arts 
Magazine,"  February,  1899,  Answers  to  Inquiries. 
No.  9. 


(21)  Does  it  require  less  energy  for  a  man  to  ride 
a  certain  distance,  say  half  a  mile,  on  a  modem  ball- 
bearing bicycle  than  for  the  same  man  to  walk  or 
run  the  same  distance  in  the  same  time?  The  man 
to  weigh  150  lb.,  the  bicycle  20  lb.;  the  road  to  be 
perfectly  level,  hard,  and  smooth;  the  man  when 
walking  will  lift  his  body,  say.  2  in.  at  every  step. 
•       P.  N.,  Allentown,  Pa, 

AN8.--According  to  the  best  authorities,  it  takes 
less  energy  to  ride  a  certain  distance  on  a  bicycle 
than  to  walk  or  run  the  same  dintance.  Taking  the 
data  given  by  you,  let  us  assume  that  the  man  runs 
a  mile,  making  a  step  of  8  feet.  The  work  done  per 
step  in  lifting  the  body  2  in.  would  be  150  X  A 
=  25  ft.-lb.    The  work  done  in  a  mile  would  be 
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25  X  *V*  =  44,000  ft. -lb.  A  certain  amount  of  work 
iaalao  expended  in  overcoming  the  resistance  of  the 
atmosphere.  When  a  man  Is  on  a  bicycle,  his  body 
as  a  whole  is  at  practically  the  same  distance  from 
the  ground  all  the  time.  The  lower  limbs  only  are 
moTed  up  and  down.  Let  the  weight  of  the  limbs 
be  40  pounds  and  suppose  the  bicycle  to  be  geared 
to  84.  There  will  then  be  one  complete  turn  of  the 
cranks  for  every  22  ft.  travel  of  the  wheel.  In  a  mile 
there  will  be  *||«  »  240  turns.  If  the  cranks  are 
6  inches  long  the  work  in  lifting  the  limbs  will  be 
40  X  1  X  240  =>  9.600  ft.-lb.  To  this  must  also  be  added 
the  work  necessary  to  overcome  the  resistance  due 
to  faction  between  tires  and  ground  and  that  due  to 
fHction  of  the  mechanism  of  the  wheel.  The  above 
determinations  must  not  be  considered  as  exact 
results,  because  the  various  assumptions  made  may 
not  be  exact.  However,  the  experiments  that  have 
been  made,  to  determine  as  nearly  exact  results  as 
could  be  made,  indicate  that  much  less  energy  is 
expended  riding  a  good  bicycle  than  on  foot. 


(22)  Can  you  tell  me  how  to  find  the  weight 
neceasary  to  nold  down  a  cubic  foot  of  timber,  say 
Ar.  under  20  ft.  of  fresh  water  at  an  elevation 
of  1,700  ft.  above  sea  level  ? 

J.  C.  B..  Kiukowook,  Idaho. 

AiQ.— The  upward  pressure  of  water  on  an 
immersed  body  is  equal  to  the  weight  of  the 
water  displaced  by  the  body;  therefore,  the  weight 
required  to  hold  down  a  cubic  foot  of  timber  is 
equal  to  the  difference  between  the  weight  of  a 
cubic  fbot  of  water  and  the  weight  of  a  cubic  foot 
of  timber.  Since  water  is  almost  incompressible,  the 
depth  to  which  the  block  is  Immersed  and  the  ele- 
vation above  sea  level  have  practically  no  effect  on 
the  weight  required  to  hold  the  wood  down. 


(2S)  (a)  What  is  the  resistance  per  foot  of  No.  26  B. 
St  S.  German-silver  wire  ?  {b)  How  is  the  ordinary  per- 
manent horseshoe  magnet  charged?  (c)  How  may  a 
small  current  of  electricity  be  made  to  decompose 
water?  (d)  What  sise  storage  battery  would  be 
required  to  supply  current  to  one  6  c.  p.  10- volt  lamp 
for  3  hr.  ?  F.  F.  B.,  Palermo,  Cal. 

Aks.— (a)  The  resistance  of  German-silver  wire 
varies  considerably  with  the  materials  used.  The 
resistance  of  No.  26  B.  <&  S.  wire  with  ISjt  nickel  is 
about  748  ohms  per  1,000  ft.  For  wire  with  80^  nickel , 
the  resistance  per  1,000  ft. 
would  be  1,168  ohms,  {b) 
An  ordinary  horseshoe  mag- 
net may  be  magnetized  by 
winding  a  coil  of  insulated 
wire  around  it,  as  shown  in 
Fig.  1.  It  is  also  well  to 
place  a  piece  of  iron  across 
the  poles,  though  this  is  not 
absolutely  necessary.  Use 
any  size  of  insulated  wire 
that  may  be  convenient,  and 
wind  on  as  many  turns  as 
you  have  room  for.  Send  as 
strong  a  current  through  the 
wire  as  it  will  stand  without 
overheating.  You  can  also 
magnetize  a  horseshoe  by 
bringing  its  poles  in  con- 
tact with  the  poles  of  a 
dynamo,  but  the  above 
method  is  generally  more  satisfactory,  (c)  You  can 
make  a  simple  apparatus  for  decomposing  water  as 
shown  in  Fig.  2.  Take  a  funnel  and  insert  a  cork  in 
the  stem;  pass  through  the  cork  two  stout  wires  t,  f, 
and  fksten  to  the  ends  of  these  wires  two  small  pieces 
of  platinum  foil  e,  &.    Fill  the  ftinnel  nearly  AiU  of 


Fio.  1 


acidulated  water,  and  invert  two  test  tubes  d.  d  full 
of  water  over  the  plates.  These  test  tubes  may  be 
held  in  place  in  holes  bored  through  a  wooden  strip 
k.  The  wires  <,  tf  should  be  covered  with  an  insula- 
ting varnish  up  to  the  point  where  the  platinum 
plates  are  attached.     Two  or  three  goods  cells  of 


Fio.  2 

battery  should  be  sufficient,  (d)  A  6  c.  p.  10-volt 
lamp  will  require  about  2.4  amperes.  A  10-ampere- 
hour  battery  would,  therefore,  be  quite  large  enough 
for  the  purpose.  You  would  need  5  cells  connected 
in  series  to  get  10  volts. 

••• 

(24)  I  wish  to  wind  pipe  around  the  columns  from 
floor  to  ceiling  in  a  building  where  I  am  working. 
The  ceiling  is  15  ft.  high,  and  I  wish  to  make  ten 
coils  in  that  distance.  The  pipe  is  li  in.  in  diameter. 
How  can  I  figure  the  exact  lenirth  of  pipe  necessary  ? 
H.  S.,  Anaconda,  Mont. 

Ans.— The  curve  assumed  by  the  pipe  will  be 
a  helix,  and  will  be  the  same  as  the  curve  formed 
by  the  hypotenuse  a&  of  a  paper  triangle  when 
wrapped  around  a  cylinder,  as  shown  in  Fig.  1. 
The  height  that  the  pipe  will  rise  in  one  turn 
is  equal  to  one-tenth  of  15  ft.,  or  18  in.,  correspond- 
ing to  a  c  in  Fig.  1.  The  diameter  of  the  coil, 
measuring  to  the  center  line  of  the  pipe,  is  equal 
to  18  in.  +  U  in.,  or  19|  In.  The  distance  around 
the  column,  then,  corresponding  to  5  c  in  Fig.  1, 
is  3.1416  X  19i  =  60.48  In.    Then  the  length  of  pipe 


Fig.  1 


Fig.  2 


necessary  to  make  one  turn,  as  shown  in  Fig.  2, 
will  be  the  hypotenuse  of  a  triangle  of  which  the 
height  is  18  in.  and  the  base  60.48  in.  This  length 
is  found  to  be  i/60.48s  ^  18>  «  63.10  in.  The  length 
for  ten  turns  would  then  be  10  x  63.10  =  630  in.. 
or  52.5  ft.  The  above  solution  is  embodied  in  the 
formula  I  =  n\^n*d^  +  ^i  where  I  =  the  length  of 
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the  pipe;  ir  =  3.1416;  d  =  diameter  of  the  ooll; 
t  =  pitch,  or  the  rise  on  one  torn;  n  =>  number 
of  turns. 

(25)  Solve  the  following  two  problems  without 
using  algebra:  (a)  What  are  the  dimensions  of 
a  vessel  to  hold  1  gal.  (231  en.  In.),  whose  height 
is  li  times  its  lower  diameter  and  whose  upper 
diameter  is  |  as  large  as  the  lower?  (^)  or  a 
cylinder  whose  height  Is  equal  to  the  diameter? 

J.  B.,  Qulncy.  HI. 
Ans.— (a)  Assume  the  lower  diameter  to  be  12  In.; 
then  upper  diameter  Is  12  x  |  »  8  in.,  and  height 
is  12  X  U  =  18  in.  The  volume  of  this  frustum 
of  a  cone  is  1,482.67  cu.  In.,  nearly.  Applying  the 
principle  that  the  volumes  of  similar  solids  are 
to  each  other  as  the  cubes  of  any  line  similarly 
placed  in  each,  1,4S2.67:281  »  123:x>,  whence 
X  =  6.58  in.  =  diameter  of  lower  base.  Diameter 
of  upper  base  »  6.58  x  I  »  4.85  in.,  and  height 
=-  6.58  X  li  «  9.8.  (b)  Assuming  diameter  and 
height  to  be  12  in.,  volume  of  cylinder  is 
1.357.17  cu.  in.  Applying  same  principle  used  above, 
1,857.17 :  281  =  12S :  2>,  whence  x  =  6.65  in.  »  diameter 
and  height  of  cylinder. 

* 

(26)  What  is  the  best  non-inflammable  to  place  in 
a  pall  of  water  to  prevent  freezing? 

Aif8.~Use  plenty  of  salt  in  the  water. 

»** 

(27)  (a)  Will  a  dynamo  produce  light  If  enclosed 
inan  air-tight  glass  case  (air  exhauste<Q?  (b)  Would 
it  give  light  if  enclosed  in  an  air-tight  case  (air  not 
exhausted),  and  if  so,  for  how  long?  (c)  Gould  it  be 
poesible  for  an  electric  current  to  return  at  a  poten- 
tial, or  pressure,  less  than  that  of  the  earth,  or  sero? 

W.  W.  R.,  Brockton,  Mass. 

Aks.— (aandb)  Your  questions  seem  to  indicate 
that  you  think  a  dynamo  requires  air  in  order  to 
generate.  A  dynamo  does  not  generate  electricity 
by  lutillzing  the  oxygen  of  the  air,  and  therefore  it 
would  generate  as  well  in  a  vacuum  as  in  the  air. 
The  electricity  Is  generated  by  the  conversion  of  the 
mechanical  energy  supplied  into  electrical  energy, 
(c)  Electricity  will  flow  between  two  points  so  long 
as  the  potential  of  one  point  Is  higher  than  that  of 
the  other,  and  it  makes  no  difference  what  the  abso- 
lute potential  Is  with  regard  to  the  earth.  If  one 
point  were,  for  instance,  at  a  potential  of  —100  and 
another  at  —200,  the  flrst  point  would  be  at  a  higher 
potential  than  the  second,  and  current  would  flow 
from  the  flrst  to  the  second,  although  the  absolute 
potential  of  both  is  less  than  that  of  the  earth. 


(28)  (a)  What  is  the  cause  of  a  grating  noise 
heard  in  the  cylinder  of  a  hoisting  en^e  after  run- 
ning for  some  time  at  high  speed  and  under  flill  load? 
The  piston  has  one  packing  ring,  and  the  cylinder  is 
kept  well  lubricated,  (b)  My  air-brake  lubricator 
feeds  for  a  short  time  and  then  stops;  if  I  let  out  some 
of  the  oil  and  water  it  will  start  feeding  again  but 
will  stop  after  a  short  time.  Why  Is  thikand  how 
can  it  be  made  to  feed  continuously?  (c)  How  can  I 
melt  brass  for  making  models  and  small  castings? 
R.  R.  H.,  Tacoma,  Wash. 

Aks.- (a)  The  cause  is  undoubtedly  that  the  cylin- 
der is  dry,  although  you  think  it  is  well  lubricated, 
(b)  The  trouble  is  due  to  the  lubricator  getting 
chilled— a  common  complaint  in  winter  time  but  not 
in  summer,  unless  the  lubricator  has  a  cold  draft 
playing  on  it  This  chilling  eflTect  stops  the  circula- 
tion. By  letting  some  of  the  oil  and  water  out,  the 
steam  will  enter  and  start  up  the  circulation  again. 
If  you  could  locate  the  lubricator  in  a  warm  place, 
your  trouble  would  vanish,  (c)  The  melting  point 
depends  on  the  composition— say  about  1,850^  F.  as 
an  average.    You  might  melt  the  brass  in  a  crucible 


on  a  common  flre  If  you  had  good  coal  and  a  strong 
draft.  Have  a  cap  or  cover  over  the  crucible,  and 
sink  the  latter  into  the  body  of  the  flre;  that  is,  pile 
the  flre  well  up  around  It  and  keep  up  a  good  draft 

••• 

(29)  When  connecting  a  pipe  to  a  boiler  having  a 
bumped  head,  should  it  be  connected  to  the  center  of 
the  head,  or  can  it  be  placed  at  any  other  point  with- 
out lessening  the  strength  of  the  head? 

A.  8.  H.,  Glastonbury,  Conn. 

AN8.— There  is  no  doubt  that  the  central  position  is 
the  best,  the  stresses  in  the  head  being  more  evenly 
distributed.  There  is,  however,  no  danger  in  placing 
the  pipe  at  any  other  point,  as  there  is  a  considerable 
margin  of  strength  to  make  up  for  the  Irregularity  of 
stress  due  to  an  eccentric  connection. 


(SO)  (a)  Will  you  inform  me  how  a  commutator 
of  a  4-pole  compound  shunt  dynamo  is  erosB-C(m- 
nected,  illustrated  by  a  simple  sketch?  (b)  What  is 
the  advantage  of  this  construction  ? 

R.G.,  East  Port,  Md. 

Anb.— (a)  The  commutator  of  a  4-pole  dynamo  Is 
usually  cross-connected  either  by  means  of  copper 
strips  or  copper  wires.  The  former  are  used  when  the 
current  to  be  carried  is  considerable.  The  best 
method  of  cross-connecting  is  to  arrange  the  con- 
nectors in  two  layers  in  the  form  of  involutes,  as 


(h) 

shown  in  the  flgure.  These  connectors  may  be  a 
single  loop  made  of  copper  wire,  as  shown  at  (a), 
or  may  be  made  up  of  copper  strips  folded,  as  shown 
at  (b).  The  cross-connectors  may  be  supported  by  a 
turned  wooden  piece  w,  as  shown,  (b)  By  using  a 
cross-connected  commutator,  machines  tluit  would 
otherwise  require  four  brushes  for  their  operation 
may  be  run  with  two  brushes.  It  is  generally 
advisable,  however,  to  use  windings  that  will  not 
require  a  cross-connected  commutator,  as  these 
cross-connections  render  the  construction  more  com- 
pUcated. 

♦** 

(81)  (a)  A  certain  boiler  is  to  toke  its  feedwater 
from  a  tank  alongside,  the  water  to  be  fed  by  injector 
at  about  SSfi  F.  Which  method  of  heating  the  feed 
would  you  advise:  (1)  live  steam,  turned  direct  into 
the  tank  from  the  boiler;  (2)  exhaust  steam,  turned 
direct  into  the  tank;  or  (8)  exhaust  steam,  running 
through  a  pipe  coll  in  tank  and  exhausting  thenoe 
into  the  atmosphere?  I  am  afraid  that  (2)  may  give 
trouble  through  priming,  as  I  use  balf  a  pint  of  cflin- 
der  oil  every  7  or  8  hours,  lb)  What  causes  a  slide- 
valve  engine  to  tremble,  both  when  working  at  ftll 
and  at  half  load  ?  (c)  What  effect  will  too  much  lead 
have  on  an  engine?       E.  W.  B.,  Rock  Island,  Que. 

Anb.— (a)  Use  method  (8).  This  is  more  econom- 
ical than  (1)  and  is  also  better  than  (2),  inasmuch  as 
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the  back  prenmre  will  then  be  len.  It  will  alio 
avoid  any  tnmble  due  to  oil  in  the  feedwater, 
althoD^  a  moderate  amount  of  mineral  oil  is  rather 
adTAntafi^eona  than  otherwise  with  certain  waters. 
(5)  The  trembling  may  be  due  to  many  canaee;  each 
aa  bad  balance;  engine  loose  on  its  foondation,  or 
thm  ftMindatlon  itself  imperfect;  too  much  or  too 
little  lead;  no  piston  clearance;  loose  piston  or  cross- 
head;  knock  in  guides,  connecting-rod,  or  bearings; 
dmnk-ahaft  oat  of  square  with  with  guides;  water  in 
cylinders;  crosshead  actuating  a  pump  that  is  badly 
cnihioned.  (c)  It  will  decrease  the  efBcienoy  of  the 
engine,  and  Will  aflfect  the  smooth  running  and  heat 
up  the  pins. 

••» 

(82)  I  am  running  a  traction  engine,  carrying 
150  pounds  pressure.  I  find  that,  when  the  boiler  is 
cold,  the  reyerse  lever  will  not  drop  down  low 
enonsh  for  the  catch  to  enter  the  last  notch;  in  fact, 
it  fkua  i  ineh  short  of  it;  when  the  lever  is  pushed  up 
the  catch  comes  that  amount  short  of  the  notch  at 
theother  end.  As  you  will  see  from  the  sketch,  the 
chord  of  the  reverse  sector  makes  an  angle  of  about 
60^  with  the  reach  rod.  Can  you  explain  the  above  T 
J.  F.  M.,  Neche,  N.  D. 

Amb^— According  to  your  sketch,  if  the  reach  rod 
were  to  be  lengthened,  the  reverse  lever  would  drop 
ftrther  down  the  sector  than  it  now  does,  and  would 
not  posh  up  so  near  the  top.  When  the  boiler  cools 
down,  the  effect  is  the  same  as  if  the  reach  rod  had 
been  lengthened— other  lengths  remaining  the  same. 
So  if,  when  steam  is  up,  the  reverse-lever  catch  enters 
both  end  notches  in  turn,  we  see  that  when  the 
boUer  is  cold  the  catch  will  fiOl  short  of  the  lower 
end  notch  and  overtravel  the  top  one.  This  result  is 
the  exact  opposite  of  what  you  state  to  be  the  case, 
but  is  what  your  very  meager  sketch  leads  to. 


(S8)  (a)  I  have  a  twttery  of  three  steam  boUers 
connected  to  one  drum.  From  one  end  of  the  drum 
a  steam  pipe  leads  to  two  engines.  Can  you  explain 
why  water  is  drawn  along  with  the  steam  from  the 
boiler  Ihrthest  away  from  the  steam-pipe  end  of 
the  steam  drum  when  all  three  boilers  are  working 
together,  sapplying  steam  to  the  drum?  (5)  What  is 
a  '^booster,'' why  &  it  put  in  a  circuit,  and  how  is  it 
connected  upT  J.  E.  C,  Baltimore,  Md. 

Amb.— (a)  Your  question  is  not  quite  dear.  Do 
you  mean  that  the  boiler  is  foaming,  or  do  you  mean 
that  it  is  priming  badly  T  In  either  case  it  would  take 
a  personal  examination  before  we  could  venture  an 
opinion,  (h)  A  "booster"  is  a  low-voltage  dynamo 
^gg  generally  used  in  con- 

nection with  a  storage 
battery  for  the  pur- 
pose of  regulating 
the  charge  and  dis- 
charge of  the  latter. 
In  the  figure,  let  d 
represent  an  ordinary 
■hunt  dynamo  supplying  current  to  the  lighting 
mains.  The  field  c  of  a  low-voltage  dynamo,  or 
booster  b,  is  connected  in  series  with  one  of  the 
mains  of  the  shunt  dynamo  d.  The  armature  of 
the  booster  is  connected  in  series  with  the  storage 
lottery  B  across  the  mains.  The  B.  M.  F.  of  the 
dynamo  is  a  little  greater  than  that  of  the  battery, 
10  that  it  will  charge  the  battery  when  there  is  no 
external  load.  When  all  the  lights  are  turned  on 
the  booster  field  wiU  be  frOly  energised,  and  the 
S.  M.  F.  of  the  booster  WiU  be  added  to  that  of  the 
battery,  thereby  causing  the  battery  to  discharge 
sad  assist  the  dynamo.  At  medium  load,  the  bat- 
tery wUl  be  neutral,  neither  taking  current  nor 
dlsdbarging  it,  while  the  dynamo  is  running  at 
ftill  load.  Any  increase  in  load  is  then  taken  by 
the  battery. 


-®^=^ 
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(84>   If  a  boat  is  run  by  a  motor  operated  by  a  set 
of  storage  batteries,  could  the  boat  oe  run  while  a 
generator  is  charging  another  set  of  storage  cells  T 
W.  W.  G.,  Brockport,  N.  Y. 

Ams.— No;  you  would  only  be  taking  power  out  of 
one  battery  and  putting  it  into  another,  and,  what 
is  more,  you  would  lose  a  large  percentage  of  power 
in  so  doing.  You  cannot  expect  to  use  the  power  for 
running  the  boat  and  at  the  same  time  have  enough 
to  charge  another  battery.  This  would  be  a  very 
desirable  thing,  were  it  possible,  but,  like  the  per- 
petual-motion machine,  it  cannot  be  made  to  work. 

•♦• 

(85)  How  can  I  build  a  jug  neck  to  a  dstem  that 
is  to  be  kept  below  the  ground  Car  enough  to 
avoid  freesing?  V.  L.  F.,  Port  Ewen,  N.  Y. 

Ana.— There  are  several  ways  to  do  it.  One  is 
to  shape  the  inside  form  of  the  Jug  neck  in  damp 
earth  or  sand  and  build  to  or  on  it,  in  the  same 
manner  a  wooden  center  is  used  in  building 
masonry  arches;  after  the  work  is  set,  the  earth 
can  be  excavated  from  the  inside  of  the  dstem. 
Another  way  is  to  make  a  scale  drawing  of  the  dstem 
neck,  and,  working  to  the  drawing,  corbd  out  each 
course  of  brick  the  required  amount. 

»*. 

(86)  (a)  What  can  I  use  for  the  pump  valve  of  a 
gasoline  hand  torch?  Leather  does  not  hold  tight 
enough,  and  common  robber  generally  dissolves 
quickly,  (b)  Why  does  The  White  ManuCactuilng 
Co.'s  torch  flare,  hiss,  and  blow  outT 

W.  B.  F.,  Syracuse,  N.  Y. 
Anb.— (a)  Pure,  soft,  gum  rubber  is  generally  used 
for  these  valves,  and  it  gives  good  satisfaction.  If 
you  use  leather,  we  would  suggest  that  you  soak  it 
in  melted  mutton  tallow.  This  will  dose  the  pores 
of  the  leather  without  hardening*it.  {b)  The  most 
likely  cause  is  that  the  burner  is  not  heated  enough 
before  the  gasoline  is  lighted.  The  prindples  of 
constroction  of  gasoline  burners  are  so  well  known 
to  manufacturers  that  we  do  not  think  the  trouble 
lies  in  the  burner. 

»•» 

(87)  What  are  the  linear  and  cubical  expansions 
(a)  of  glass?  (5)  of  platinum?  (c)  Is  thero  any  theory 


to  account  for  the  performance  of  the  gyroscope? 
(d)  Why  does  the  ring  endoeing  the  wheel  revolve 
in  the  oppodte  direction  to  that  of  the  whed  when 


the  top  Is  suspended  or  placed  on  a  pedestal  ? 

J.  W.  D.,  McKeesport,  Pa. 

Am.— (a)  Glass  will  expand  about  j^  In  length 
when  heated  from  d!29  F.  to  212°  F.  Under  the  same 
condition  its  cubical  expansion  will  be  itmAb^oo- 
(5)  Platinum  under  the  above  conditions  will 
expand  in  length  f^:  and  in  volume  narAiww- 
(e  and  d)  Any  satisfactory  explanation  of  the  gyro- 
scope would  occupy  more  space  than  we  can  aflbrd 
in  these  columns.  The  theory  is  very  dilBcuIt,  but 
a  popular  explanation  will  be  found  in  our  March 
israe  in  the  arUcle  "A  Great  Discovery,"  where  this 
question  is  discussed  in  connection  with  the  preces- 
sion^of  the  equinoxes. 

»•. 

(88)  (a)  How  manv  and  what  sise  of  plates  should 
be  used  to  make  a  50-smpere-hour  storage  battery 
that  may  be  easilv  handled?  (b)  How  far  apart 
should  tne  plates  be,  and  of  what  material  should 
the  insulation  be  composed  ?  (c)  Does  it  make  any 
diflbrence  whether  the  plates  are  close  together  in  a 
storage  battery  or  not?  (d)  What  should  be  the 
resistance  of  the  above  sise  t 

A.  J.  W..  South  Superior,  Wis. 

AM8.~(a)  Allowing  a  discharge  rate  of  about  7  am- 
peres, you  would  need  about  7  plates  (8  positive, 
4  negative)  each  having  about  88  sq.  in.  area  on  each 
dde;  i.  e.,  the  plates  should  be  about  6  in.  X  5}  in., 
or  you  might  make  them  6  in.  X  6  in.  and  have  some 
margin  for  overloads.    If  you  wish  the  battery  to  be 
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easily  handled,  it  should  be  mounted  in  mbber  cells 
and  sealed  up  In  some  way  to  prevent  the  liquid 
(h>m  spilling,  (b  and  e)  The  plates  should  be  plaoed 
as  dose  together  as  practicable  without  danger  of 
their  becoming  short-circuited.  The  closer  they  are, 
the  lower  will  be  the  resistance  of  the  cell.  The 
plates  are  usually  not  less  than  ^ot^  in.  apart,  and 
hard  rubber  or  glass  rods  are  used  for  insulation. 
The  former  are  preferable,  as  they  are  not  so  likely 
to  break,  {d)  The  resistance  of  such  a  cell  would 
probably  be  in  the  neighborhood  of  .02  olim,  but  this 
resistance  would  depend  largely  on  the  distance 
between  the  plates. 


(39)  (a)  With  the  arrangement  of  wheel,  con- 
necting-rod, and  lever  shown  In  the  sketch,  how 
much  power  will  be  required  to  raise  a  weight  of 
800  lb.  at  the  end  of  the  lever  through  a  helghtof  3  ft. 


60  times  per  minute,  no  work  being  done  on  the 
down  stroke?  {b)  How  great  a  weight  can  be  raised 
by  the  arrangement  shown  T  The  gain  ftom  momen- 
tum is  what  I  especially  want  to  know. 

.  H.  E.  J.,  Downey,  Gal. 
Ans.— Before  asswering  your'  question  we  would 
call  your  attention  to  an  error  in  your  sketch.  In 
order  that  the  motion  of  the  end  of  the  lever  may  be 
8  ft.  with  the  proportions  you  give,  the  crank  must 
have  a  radius  of  18i  in.,  instead  of  18  in.,  as  shown 
by  your  sketch,  (a)  The  theoretical  power  required 
to  raise  a  weight  of  800  lb.  to  a  height  of  8  ft. 

60  times  In  1  min.  is  ???-^-^?9  =  4.86  H.  P..  nearly. 

No  arrangement  of  wheels  and  levers  could  possibly 
be  made  to  do  the  work  with  the  expenditure  of  less 
than  the  theoretical  amount  of  power.  In  general, 
the  actual  power  required  will  be  considerably  more 
than  the  theoretical,  (b)  The  weight  that  can  be 
raised  depends  on  the  amount  of  power  available, 
and  on  the  percentage  of  this  power  that  must  be 
used  in  overcoming  the  losses  produced  by  Mction 
and  shock.  The  flywheel  has  the  effect  of  reducing 
the  losses  that  would  be  produced  by  shock  and  by 
the  inequality  In  the  driving  force  required  at  dif- 
ferent parts  of  the  stroke.  Just  how  much  saving 
there  will  be  in  your  case  is  difficult  to  calculate.  It 
depends  on  the  nature  of  the  driving  force  and  the 
work  to  be  done— conditions  not  stated  in  your 
question.  However,  the  wheel  is  so  small  in  pro- 
portion to  its  velocity  of  rotation  and  the  quantity 
of  work  to  be  done  that  the  gain  firom  its  use  will  be 
comparatively  small.  Its  effectiveness  would  be 
greatly  increased  by  gearing  it  to  the  crank-shaft  in 
such  a  manner  as  to  give  it  a  higher  rotative  speed. 


(40)  Please  inform  me  whether  a  metallic  piston- 
rod  packing  is  made  for  use  on  the  ammonia 
cylinder  of  an  Ice  machine. 

H.  T.  S.,  Boardman,  N.  C. 

An8.— Yes.  For  information  write  to  the  following: 
The  Garlock  Packing  Co.,  12  Pearl  St.,  Boston,  Mass.; 
Knowlton  Packing  and  Supply  Co.,  19  Pearl  St., 
Boston,  Mass.;  F.  W.  Bradley,  206  Equitable  Building, 
Boston.  Mass.;  A.  W.  Chesterton  A  Co.,  49  India  St., 


Boston,  Mass.;  The  Hoyt  Metal  Co.,  St.  Louis,  Mo.; 
3oh^  M.  Watt'sSons.  186  Liberty  St.  New  York,  N.  Y.; 
The  United  States  MetalUc  Packing  Co.,  Thirteenth 
and  Willow  Sts.,  Philadelphia,  Pa.;  Phenix  MetaUlc 
Packing  Co.,  177  La  Salle  St.,  Chicago,  111.;  Swain 
Lubricator  Co.,  250  Lake  St.,  Chicago,  111. 


(41)  (a)  Please  explain  the  principle  upon  which 
horsepower  is  calculated,  (b)  Give  method  for  draw- 
ing a  true  ellipse,  and  also  several  approximate 
methods  for  drawing  the  same,  (c)  How  would  vou 
find  the  value  of  x  in  the  expression  afi  =  46. w6? 
(d)  In  your  answer  to  Question  1^  (b),  August, 
1899,  number  of  "The  Mechanic  Arts  Magazine,"  I 

do  not  understand  why  you  multiply  —^  +  o  y  ^Jqa 

by  8.1416.  J.  &  T.,  Hampton,  Va. 

Ans.— (a)  Horsepower  is  always  computed  by  multi- 
plying the  resistance  pveroome  expressed  in  pounds 
by  the  distance  in  feet  through  which  this  resistance 
is  overcome  in  1  minute,  and  dividing  by  33,000. 
This  is  the  principle  used,  and  all  formulas  giving 
the  horsepower  of  a  machine  or  of  any  moving  body 
overcoming  a  resistance  are  based  on  this  principle, 
(b)  All  books  on  drawing  give  methods  for  drawing 
true  ellipses,  and  also  curves  that  approximate  to 
the  ellipse,  (e)  We  should  find  the  value  of  s  by 
extracting  the  sixth  root  of  46,666,  using  logarithms. 
If  you  do  not  know  how  to  use  logarithms,  you  can 
find  the  value  of  x  by  extracting  ilrst  the  square  root 
and  then  the  cube  root,  {d)  It  would  require  too 
much  space  to  explain  how  this  expression  is  de- 
rived. It  was  for  this  reason  that  the  derivation 
was  not  given  in  the  answer  to  the  original  question. 


(42)  (a)  How  many  board  feet  in  a  piece  of  tim- 
ber lO''  X  10"  at  the  base,  5"  X  8"  at  the  top,  and  25 
ft.  long?  (b)  A  board  is  1  in.  thick,  6  ft.  Ions,  17  in. 
wide  at  one  end  and  7  in.  wide  at  the  other:  how  Ikr 
from  the  small  end  must  it  be  cut  straight  across 
so  that  both  pieces  will  weigh  the  same? 

J.W.U.,UrUh,Cal. 

Ans.— (a)  In  practice,  the  number  of  board  feet 
would  be  computed  as  if  the  timber  were  25  ft  long 
and  lO''  X  lO''  throughout  and  the  number  of  feet 
,10X10 


would  consequently  be  equal  to  ^^^  '"  x  25  —  208^  ft. 
(b)  Applying  the  formula, 

in  which  c  Is  the  length  of  the  board  on  a  line  per- 
pendicular to  the  base,  a  is  the  width  at  the  large 
end,  b  is  the  width  at  the  small  end,  and  I  is  the  dis- 
tance from  the  small  end  to  the  place  of  cutting.  In 
the  present  case  we  have 

I  =  ,2(yri.  7)  [V^2(l"7«'+  7^")  -  2  X  7]  =  15  ft. 

* 
«  « 

(48)  (a)  Will  yon  kindly  tell  me  the  best  and 
quickest  way  to  reverse  the  polarity  of  a  No.  8  Brush 
arc  dynamo  and  also  an  M.  D.,  T.  H.  dynamo? 
(b)  Can  you  tell  me  why  a  T.  H.  dynamo  can  carry  a 
heavier  load  with  thin  segments  than  with  thick 
ones?  (c)  I  have  two  T.  H.  machines  that  I  run  in 
series  and  the  current  varies  frx>m  8  to  10  amperes; 
is  it  possible  to  steady  it?      T.  J.  A.,  Boston,  Mass. 

Ans.— (a)  If  you  cannot  readily  send  current 
through  the  machine  from  some  other  dynamo,  the 
simplest  way  is  to  reverse  the  connections  at  the 
switchboard  in  order  to  make  the  lamps  bum  prop- 
erly. If  you  can  readily  obtain  current  frt>m  another 
machine,  short-circuit  the  armature  of  the  reversed 
dynamo  by  means  of  a  loop  connected  across  the 
armature  terminals,  then  send  current  through  from 
the  other  dyhamo,  seeing  that  the  positive  terminal 
of  one  machine  is  connected  to  the  negative  termi- 
nal of  the  other.    The  above  had  better  be  dono 
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with  the  armature  of  the  faulty  machine  standing 
stilL  (5)  If  everything  is  properly  adjusted,  the 
machine  should  work  as  well  with  thick  segments  as 
with  thin  ones.  It  may  be  that  your  regulator  is  in 
sQch  condition  that  it  works  better  when  the  arc  of 
the  segments  is  shortened  by  their  wearing  down, 
(c)  You  should  be  able  to  make  the  current  regulate 
better  than  this.  Examine  the  widl  controller  care- 
ftxlly  and  see  whether  it  is  working  right.  By 
adjusting  the  tension  on  the  upring  of  the  wall  con- 
troller you  may  be  able  to  improve  the  regulation 
ooziilderably. 


(44)  Is  the  following  the  correct  formula  for  flnd- 
ins  the  quantity  of  steam  in  cubic  feet  that  will  be 
deUTered  through  a  ^inch  round  hole  at  a  pressure 
of  90  lb.  per  sq.  in.  above  the  atmospheric  pressure? 

Area  of  hole  =  ^-*^;^^  =  .000085sq.ft.   Velocity 


of  steam  at  90  lb. 


144 
90X144 
.014 


X  8  X  .62  »  2,380  ft.  per 


•ee.;  or,  Z380  x  60  »  142,800  ft.  per  min.  The  num- 
ber of  cubic  feet  per  minute,  therefore,  is  equal  to 
.000065  X  142,800  -  12.  In  the  Baboock  &  Wilcox  cata- 
lojgne  It  is  stoted  that  steam  travels  at  a  constant  rate 
of888  ft.  per  sec.  when  flowing  into  a  medium  hav- 
ing lees  ^nan  |  the  initial  pressure. 

W.  D.,  PitUton,  Pa. 
Akb.— We  do  not  recollect  of  ever  having  seen  the 
formula  for  the  velocity  which  you  give.  Your 
answer,  2,880,  is  not  the  correct  result  that  your 
formula  would  give.  You  have  either  stated  the  for- 
mula ineorrectly  or  you  have  made  an  error  in  your 
numerical  work.  The  statement  given  in  the 
Baboock  &  Wilcox  catalogue  is  perfectly  reliable. 
An  approximate  rule  for  finding  the  flow  in  pounds 
per  second  is  given  by  Napier  and  is  as  follows: 
Flow  in  pounds  per  second  =  absolute  pressure 
X  area  in  square  inches  -«-  70*.  Using  your  data 
with  this  rule  we  would  have:  Flow  per  second 
(90  +  14.7)  X  .0123        ^.^^    ,.      ,  ^,^ 

opening  in  square  inches). 

* 
«  * 

(45)  Wliere  can  I  obtain  a  copy  of  Newton's  "  Prin- 
eipla  "  ?  How  many  volumes  are  there?  By  whom 
is  It  published  ?  What  is  the  price,  and  is  it  difficult 
to  understand  ?  j.  B.,  Bridgeton,  N.  J. 

Akb.— Every  edition  of  Newton's  **  Principia  "  has 
been  long  out  of  print.  The  third  edition,  reprinted 
some  years  ago  for  Lord  Kelvin  and  Prof.  Blackburn, 
and  also  Motte's  translation,  can  be  obtained  through 
Messrs.  Macmillan  &  Bowes,  booksellers,  Cambridge, 
England.  Lord  Kelvin's  reprint  is,  of  course,  in 
Latin,  and  Motte's  translation  is  unsatlsliactory.  The 
best  book  for  the  general  reader  is  "  The  First  Three 
Sections  of  Newton's  Principia.  with  an  Appendix, 
and  the  Ninth  and  Eleventh  Sections, "by  John  H. 
Evans  and  P.  T.  Main.  This  book  can  be  obtained 
from  The  Technical  Supply  Oo.,  Scranton,  Pa.,  for 
11.00.  Messrs.  Evans  and  Main  have  translated  these 
sections  very  carefttlly,  and  have  added  much 
exp1anat<»7  matter.  Their  book  can  be  read  profit- 
ably by  any  person  that  has  a  good  knowledge  of 
geometrical  conies. 

*  * 

(46)  (a)  Howmany  pounds  does  a  gallon  of  water 
welcn,  and  is  the  weight  the  same  whether  hot  or 
cola  water  is  used?  (5)  How  many  gallons  in  a 
cubic  foot?  (e)  What  is  the  weight  of  a  cubic  foot 
of  cast  iron  ?    (d)  How  can  I  find  the  weight  of  a 

eece  of  wrought  iron  f  in.  in  diameter  and  20  ft. 
ng?    (e)  How  can  I  find  the  number  of  gallons  of 
water  in  a  tank  4  ft.  8  in.  in  diameter  and  10  ft.  high  ? 
F.  E.  P.,  Bucyrus,  Ohio. 
Am.— (a)  The  weight  of  water  depends  on  its  tem- 
pentnre  and  on  its  degree  of  purity.    An  average 
vahie  for  the  weight  of  1  U.S.  gal.  is  8.385  lb.   (6)  7.481 


U.  S.  gal.  (e)  450  lb.  (d)  Wrought  iron  weighs  .282  lb. 
per  cu.  in.  The  volume  of  a  piece  i  in.  in  diameter 
and  20  ft.  long  U  .7854  X  .75*  X  20  X  12  =  106.08 
cu.  in.  Hence,  the  weight  =  106.06  X  .282  =  80  lb. 
nearly,  (e)  The  volume  of  the  tank  is  .7854  X  (4^)* 
X  10  »  141.86  cu.  ft.  One  cu.ft.  =  7.481  gal.  Hence, 
tank  contains  141.86  x  7.481  =  1,069.25  gal. 


(47)  Will  you  kindly  tell  me  the  ratio  of  air  and 
gasoline  for  a  gasoline  engine,  so  that  I  can  propor- 
tion the  valves  correctly? 

A.  H.  O.  L.,  Philadelphia,  Pa. 

Ans.— The  proportions  of  gas  and  air  vary  from 
1  to  5  up  to  1  to  8  or  more.  It  would  probably  be 
best  to  make  the  gasoline  passage  not  less  than  one- 
fifth  as  large  as  the  air  passage.  The  flow  of  gaso- 
line may  then  be  under  the  control  of  a  valve  so 
that  the  proportion  of  gaSDline  may  be  varied,  if 
necessary,  to  suit  difl'erent  conditions. 


(48)  (a)  When  the  vacuum  gauge  on  a  suction 
pipe  of  a  pump  shows  26  in.,  how  far  is  the  pump 
sucking  the  water?  (6)  What  is  the  diflflsrence 
between  friction  and  coefficient  of  friction  of  water 
in  pipes?  W.  A.  R.,  Pomona,  CJal. 

Ans.— (a)  When  the  pump  is  at  rest  the  water 
will  stand  in  the  pipe  at  a  height  of  29.5  ft.,  nearly, 
above  the  surfiace  of  the  water  in  the  well.  When 
the  pump  is  working,  the  water  will  not  be  lifted 
quite  so  high  because  of  the  friction  in  the  pipe. 
(5)  The  frieUon  is  the  resistance  offered  by  the 
interior  surface  of  the  pipe  to  the  flow  of  the  water 
through  it.  The  eoefflcierU  of  friction  Is  a  number 
that  is  used  in  calculating  the  resistance  due  to 
friction  when  the  length  of  the  pipe,  its  diameter, 
the  condition  of  its  interior  surface,  and  the  velocity 
of  the  water  flowing  through  it  are  known. 


(49)  I  wish  to  build  a  dynamo  for  a  gasoline- 
engine  igniter.  Please  give  me  the  windings.  The 
armature  is  made  of  laminations  2^  in.  X  li  in.  and 
the  speed  is  2,000.  The  field  is  of  cast  iron.  About 
16  volts  and  2  amperes  are  required. 

W.  O.  B.,  Muscatine,  Iowa. 

Ans.- You  have  not  given  enough  data  on  this 
machine  to  enable  us  to  give  you  any  definite  infor- 
mation. If  you  make  a  series-wound  machine,  you 
will  probably  need  about  No.  18  B.  &  S.  on  the 
field  and  No.  24  B.  dc  8.  on  the  armature  for  an  out- 
put of  2  amperes.  To  generate  16  volts,  you  would 
need  600  or  700  turns  on  the  armature.  The  above 
figurtie  are,  however,  only  very  approximate,  because 
we  have  not  sufficient  information  to  make  accurate 
estimates. 


(60)  Is  it  possible  to  make  a  practical  storage  or 
plunge  battery  that  will  operate  a  16  c.  p.  lamp?  If 
so,  would  you  kindly  give  directions  for  making  one, 
the  plunge  battery  preferred  ? 

Q.  W.  T.,  Pawtucket,  R.  I. 

Ams.— It  would  be  quite  possible  to  run  a  16  c.  p. 
lamp  fi^m  a  plunge  battery  or  storage  battery.  The 
storage  battery  would  be  much  better  than  the 
plunge  battery,  as  the  latter  would  be  expensive  to 
maintain  and  troublesome  to  look  after.  Almost 
any  type  of  plunge  battery  using  bichromate-battery 
solution  would  answer,  but  a  few  cells  of  storage 
battery  would  be  preferable.  It  would  take  more 
space  than  we  can  allow  to  give  detailed  instruc- 
tions for  making  these  batteries;  we  hope  before 
long  to  publisb  an  article  telling  how  to  make  a 
small  storage  battery,  and  in  the  meantime  would 
refer  you  to  a  book  entitled  "  Small  Accumulators, 
How  Made  and  Used,"  by  Perdval  Marshall;  and 
"How  to  Make   Electric  Batteries  at  Home,"  by 
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Trerert.  The  piloe  of  the  first  book  ii  fiO  oenti  and 
the  leoond  25  cents.  They  may  be  obtained  from  The 
Technical  Sapply  Co.,  Scranton,  Fa. 


(51)  In  the  Encyclopedia  Britannlca,  9th  edi- 
tion, American  Supplement,  the  circuit  ii  ahown  for 
connecting  a  Teda  coil  with  an  induction  ooiL  The 
article  alio  detcrlbea  the  number  of  tumi  of  wire  in 
both  primary  and  aecondary  of  one  particular  coll. 
Fleaie  inform  me  what  the  proporaons  must  be  in 
order  to  obtain  a  6-in.  spark:  (a)  of  the  inductioo 
coil;  (5)  of  the  condenser:  (e)oftheTe8laooiL 

W.  M.,  Chicago,  m. 

Alls.— (a)  The  Tesla  coil  it  usually  connected  up 
as  shown  in  the  appended  sketch.  A  is  the  primary 
of  an  induction  coil  and  S  Its  secondary;  Cls  a  con- 
denser and  ^a  spark  gap  between  two  brass  balls; 
D  is  the  primary  of  the  Tesla  coil  and  E  is  the  sec- 
ondary. When  the  condenser  becomes  charged,  the 
high  potential  across  its  terminsls  causes  a  discharge 
across  F  that  is  oscillatory  and  of  very  high  f^ 
quency,  thus  inducing  a  high  E.  M.  F.  In  E.  In  place 
of  using  a  regular  Induction  coil  at  AB,  a  high- 
potentia]  transformer  is  frequently  used.  Such  a 
transformer  should  have  a  capacity  of  about  200 
watts,  and  should  gire  a  secondary  Toltage  of  about 
10,000  Yolts.  A  transformer  of  this  kind  Is  more 
satisfactory  for  this  work  than  an  induction  coil.  It 
would  be  Impossible  to  give  the  number  of  primary 
and  seeonduy  turns  without  knowing  the  type  of 


transformer  to  be  used.  We  would  advise  yon  to 
consult  Nikola  Tesla's  book  on  "  ExperimenU  With 
High  Potential  and  High  Frequency."  (&)  For  the 
condenser  use  a  number  of  Leyden  Jars,  and  adjust 
the  capacity  to  get  the  best  results  by  varying  the 
number  of  Jars.  The  required  capacity  is  small,  and 
Leyden  Jars  are  good  condensers,  because  their  insu- 
lation resistance  is  high,  (e)  You  can  make  a  satis- 
factory Tesla  coil  by  taking  a  glass  tube  8  in.  in 
diameter  and  about  7  In.  long,  and  winding  on  it 
about  80  turns  of  No.  12  B.  &  S.  wire  in  a  single  layer, 
spreading  out  the  wire  so  that  it  will  occupy  about 
6  in.  length  along  the  tube.  For  the  secondary,  take 
a  4-in.  tube  of  the  same  length  and  wind  on  it  as 
many  turns  of  No.  24  wire  as  can  be  placed  in  one 
layer.  Place  the  primary  inside  the  secondary,  and 
immerse  the  whole  arrangement  in  kerosene  oil. 

.•» 

(52)  (a)  Is  the  electric  current  from  a  dynamo 
actually  made  in  the  machine,  or  is  it  simply 
attracted  from  the  Invisible  ether  surrounding  it  7 
(b)  At  what  amperage  and  voltage  is  an  electric 
current  dangerous  to  human  life  7  (c)  How  are 
Incandescent  lamps  made  or  varied  for  different 
voltage  and  current?  (d)  What  is  the  rule  for 
setting  plain  slide  valves  on  engines  and  duplex 
steam  pumps  to  give  proper  lead  and  expansion  7 
N.  M.  B.,  Velasoo,  Texas. 

Ans.— (a)  A  dynamo  does  not  generate  an  electric 
current,  but  establishes  an  electrical  pressure 
between  two  points,  and  the  flow  of  current  is 
the  result  of  this  pressure.  A  pump  causes  a  current 
of  water  to  flow  by  establishing  a  diflference  in 
pressure,  but  the  pump  does  not  manufacture  the 
water.  We  will  have  to  know  more  about  the 
•zact  nature  of  electricity  before  we  can  tell  Just 
where  it  comes  from,  (b)  It  is  almost  impossible 
to  give  any  definite  answer  to  this  question,  as 
the  current  and  pressure  depend  on  so  many 
dllTerent  conditions.    The  state  of   health  of  the 


person  receiving  the  shock  has  a  great  deal  to  do 
with  it.  Oenerally  speaking,  pressures  below 
500  volts  are  not  considered  dangerous,  hence  the 
adoption  of  this  pressure  as  the  working  limit 
for  street  railways,  (e)  The  lamps  are  adjusted 
for  difTerent  currents  and  voltage  by  using  different 
siaes  of  filament.  For  low-voltage  lamps  the  fila- 
ment is  short  and  thick,  while  for  high-voltage 
lamps  the  filament  must  be  of  high  resistance, 
and  is  therefore  made  long  and  of  small  diameter. 
The  filaments  always  vary  more  or  less,  and,  after 
the  lamps  are  completed,  they  are  tested,  and  the 
proper  voltage  marked  on  them.  The  variation, 
however,  is  not  great,  and  when  a  large  number 
of  lamps  are  made  the  filaments  can  be  so  graded 
as  to  procure  practically  uniform  results,  (d)  The 
answer  to  this  question  would  take  up  more  space 
than  we  could  possibly  give  in  these  oolumnsi 

♦♦♦ 

(58)  In  observing  with  a  transit  the  easterly  and 
southerly  bearings  of  two  old  fences  that  intersect 
at  right  angles  and  are  supposed  to  be  on  true  lines, 
the  compass  needle  read  N  75<>  B  on  the  easterly  line, 
and  on  the  southerly  line  It  read  8 16^  E.  "  OiUesple's 
Surveying,'*  page  175,  states  that  *'  the  true  bearing 
wUl  be  the  dUference  of  the  declination  and  a  bear- 
ing which  is  north  and  west  or  south  and  east  and 
the  sum  of  the  declination  and  a  bearing  which  Is 
north  and  east  or  south  and  west.  A  north  bearing 
must  be  called  N  oo  E,  a  west  bearing  N  MP  W.  a  south 
bearing SO^W, an  east  bearings 90° E."  IfthedeeU- 
nation  of  the  needle  were  15<>  east  at  the  time  of  the 
original  survey  of  the  lines,  why  is  it  that,  for  the 
easterly  bearing.  Ifto  subtracted  ttom  8  90P  E  gives 
S  750  E  instead  of  N  76P  E,  and  that,  for  the  aoutfierlv 
bearing.  16P  added  to  SO^  W  gives  8150  W  instead 
of  S 19P  E  ?  P.  W.  B..  Kingsburg,  CaL 

Alls.— According  to  the  rule  quoted,  you  would 
have,  for  the  easterly  bearing,  S  90»  +  IS**  E 
»  8  105°  E,  which  is  the  same  as  a  bearing  of 
N  78°  E;  and  for  the  southerly  bearing,  8  0°  —  15P  W 
^  B  ^  ISPW,  which  is  the  same  as  a  bearing  of 
8  lfi*>  E.  Your  observations  of  the  old  lines,  however, 
do  not  Indicate  that  the  declination  of  the  magnetic 
needle  was  15<'  east  at  the  time  of  the  original  survey 
of  the  lines.  ^If  we  assume  the  fences  to  be  on  true 
lines,  as  you  state  they  are  supposed  to  be,  that  ls,'Qn 
lines  N90OE(or390OE)  and  SO^'E  (orao^  W).  the 
observations  indicate  that  the  declination  is  noir 
ISP  east.  Assuming  this  to  be  the  case  and  applying 
the  rale  quoted  to  the  observed  magnetic  bearings, 
gives  for  the  true  t)earings  of  the  lines 
N  750  +  150  E  =  N  90°  E 
8I50  -  150E  =  SOOE 

Whatever  the  declination  was  at  the  time  of  the 
original. survey,  allowance  was  undoubtedly  mad  e 
for  it,  so  that  the  bearings  of  the  lines  are  prob- 
ably due  east  and;  due',  south.  This  can  be  ascer- 
tained by  determining  the  true^bearingsof  the  lines, 
by  means  of  a  solar  obtervation  or^otherwlse. 


(54)  (a)  What  mixture  Is  used  to  illuminate  air 
and  steam  gauges  at  night?  (b)  What  is  a  good 
polish  for  brass?  (e)  Give  me  a  good  mixture  of 
graphite  for  front  ends  and  boiler  heads  to  stand  wet 
weather.  H.  D.  8.,  Stockton,  Gal. 

Amb.— (a)  We  suppose  you  mean  the  practice  ot 
painting  the  dial  black  and  the  hands  and  figures 
white.  You  may  use  ordinary  black  paint  for  the 
dial  and  a  white  enamel  or  a  cake  ot  Chinese  white 
for  the  hands  and  figures.  (5)  Make  a  paste  of  the 
following  Ingredients:  Bottenstone,  4  os.;  oxalic 
add,  1  oa  (powdered  fine):  sweet  oil  li.os.;  enough 
turpentine  to  mix  up.  Apply  with  a  littie  water  and 
rub  well  with  soft  leather,  (e)  Use  black  Iron 
varnish.  Clean  the  smokebox,  etc.,  and  sandpaper 
it  well;  then  put  the  vamlrii  on  thin.  Wash  down 
every  morning  with  soap,  water,  and  sponge. 
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(S6)  In  the  Broih  incandetcent  dvnamo,  does  it 
make  any  difference  in  which  direction  the  current 
mna;  that  ia,  la  there  any  dllference  between  the 
negative  and  positlTe  brushes,  and  can  the  current 
be  reversed?  H.  L.,  BnilUo  Center,  Iowa. 

AM8. — ^If  the  machine  is  operating  incandescent 
lights,  It  makes  no  diflnsrence,  so  far  as  the  per- 
fonnance  of  the  lights  is  concerned,  which  is  the 
posltiTe  and  which  is  the  negative  pole.  You  can 
reverse  the  polarity  of  the  main  leads  of  your  circuit 
by  reversing  the  connections  of  the  mains  to  the 
dynamo.  If  yon  wish  to  reverse  the  polarity  of 
the  dynamo  itself;  you  must  reverse  the  field  by 
reversing  the  connections  of  the  shunt  winding.  If 
the  machine  were  operating  arc  lamps,  it  would 
make  a  difference  as  to  which  side  of  the  machine 
was  podtive  and  which  negative,  but  in  the  incan- 
descent work  the  polarity  is  immaterial. 
« 
*  • 

(56)  (a)  Where  can  I  get  seamless  steel  tublna 
of  the  best  quality,  If  inches  inside  diameter,  ana 
^  ineh  thick?  (6)  where  can  I  get  steel  castings 
made  If  I  send  drawings  of  the  parts? 

F.  oTj..  Rowley,  Mass. 
Ahb.— <a)  Gommunlcate    with    The   Charles   A. 
Strelinger  Co.,  Box  K,  Detroit,  Mich.;  or  Montgomery 
A  Go.,  105  Fulton  Street,  New  York,  N.  Y.    (b)  The 
Chester  Steel  Casting  Co.,  Chester,  Pa. 

♦*» 

(57)  (a)  Please  show  me  how  to  figure  out 
spuals  on  the  Brown  A  Sharpe  milling  machine. 
(S)  What  is  the  best  method  of  drilling  glass,  crystal, 
and  eroekery?  H.  F.,  Montreal,  Can. 

Ana— (a)  Yon  can  find  a  fhll  explanation  of  all 
calculations  in  regard  to  Brown  &  Sharpe  milling 
maohlnesln  "A  Treatise  on  Milling  Machines,"  for 
■ale  by  the  Brown  A  Sharpe  U^.  Ck>.,  Providence, 
R.  L  PHce,  in  cardboard  bin<Ung,  75  cents.  To 
give  yon  a  full  explanation  of  the  calculations 
would  require  more  space  than  we  can  devote  to  the 
subject.    (6)  Use  a  drill  tipped  with  a  diamond. 

»% 

(66)  I  send  you  a  piece  of  scale  •removed  fhmi 
the  outside  of  a  4-incn  iron  blow-off  pipe  that  has 
been  in  use  for  only  two  years.  It  is  buried  in 
gfoond,  quite  dry,  sandy,  and  gravelly.  Do  vou 
think  this  scale  is  caused  oy  electrolysis?  The  elec- 
tric railroad  passes  within  75  feet  of  the  blow-off 
pipe.  C.  8.,  Newburyport,  Mass. 

Am.— The  sample  of  scale  received  does  not  allow 
us  to  Judge  whether  it  is  a  case  of  electrolysis  or  not 
We  could  tell  a  great  deal  better  if  we  saw  the  pipe 
itaall  As  you  say  the  ground  is  quite  dry,  we  doubt 
very  much  that  electrolysis  has  anything  to  do  with 
the  decay  of  the  pipe;  to  us  it  looks  like  a  caselof 
rusting,  pure  and  simple.  Protect  the  pipe  by  a 
wooden  box  filled  with  sawdust. 

♦♦• 

(50)  What  device  is  used  on  cable-car  systems  to 
keep  cables  from  wearing  at  curves  and  comers? 
We  nave  a  curve  or  "  knuckle  "  in  a  hoisting  shaft, 
and  wood-filled  or  ra^n^ide-flUed  iron  sheaves  take 
theibearing  of  the  skip  cable.  These  wear  out  very 
fiwt  and  cause  a  great  amount  of  bother.  Could  you 
suggest  anything  better  7   G.  A.  H.,  Rossland,  B.  C. 

Am.— We  know  of  no  other  arrangement  used  for 
this  purpose  better  than  the  rawhide-  or  wood-filled 
pulleys  that  yon  are  already  using.  Bawhide  is 
usually  considered  as  good  a  material  as  can  be 
found  for  use  In  thaw  pulleys. 

#♦* 

(60)  How  may  the  speed  of  a  small  battery  motor 
having  a  two-pole  field  and  a  three-pole  armature  be 
increased?  I  nave  tried  making  the  field  stronger, 
and  have  also  wound  more  wire  on  the  armature, 
but  this  does  not  increase  the  speed. 

W.  (^,  PhUadelphla,  Pa. 

Am.— Strengthening  the  field  or  winding  more 
wire  on  the  armature  will,  with  a  given  amount  of 


battery  power,  tend  to  lower  rather  than  increase 
the  speed.  Your  best  plan  will  be  to  add  more  cells 
of  battery  and  thus  increase  the  E.  M.  F.  applied  to 
the  motor. 

♦*♦ 

(61)  Will  you  please  show  me  how  to  find  the 
comparative  efficiencies  of  an  engine  at  different 
piston  speeds,  load  and  boiler  pressure  remaining 
the  same  ?  J.  L.  C,  Topeka,  Kan. 

Ams.— A  complete  discussion  of  this  problem  would 
require  more  space  than  can  be  given  to  it  in  the 
Answers  to  Inquiries  columns. 

♦** 

(62)  Will  vou  kindly  give  a  solution  of  the 
problem  involved  in  finding  the  correct  dimensions 
of  a  lever  20  inches  lone,  supported  at  the  center,  one 
end  to  carry  one-half  or  a  roll  weighing  1,500  pounds, 
to  which  it  must  transmit  an  additional  pressure  of 

aOOO  pounds  by  means  of  a  force  applied  to  the  oppo- 
te  end  ?  C.  R.  B.,  New  York  City. 

Am.— Questions  that  Involve  the  design  of  ma- 
chines or  machine  details  cannot,  in  general,  be 
answered  in  these  columns.  They  are  not  of  suffi- 
cient general  interest  to  Justify  us  in  giving  them 
the  space  they  would  require. 

*  * 

(68)  (a)  Why  have  all  eflbrts  to  construct  a  suc- 
cessful rotary  engine  been  flsilures;  is  it  because  they 
do  not  use  steam  economically?  (5)  Is  the  poor 
economy  of  rotary  engines  caused  by  the  difficulty  of 
using  steam  expansively  in  them,  or  is  it  due  to  their 
waste  of  steam  by  leakage?  (e)  Are  you  willing  to 
give  your  opinion  of  the  value  of  a  patent  on  a 
rotary  engine  in  these  columns? 

J.  J.  C,  New  Orleans,  La. 

Ans.- (a)  Yes.  (5)  Both,  (c)  No;  an  expression 
of  opinion  on  the  value  and  practicability  of  patented 
inventions  is  a  subject  that  we  do  not  care  to  intro- 
duce into  these  columns. 

•*« 

(64)  I  have  a  25-foot  gasoline  launch,  with  a 
4-horsepower  gasoline  engine  attached  to  a  20-lnch 
two-bladed  propeller  maldng  880  revolutions  per 
minute.  Do  you  think  I  could  get  the  same  speed 
by  the  use  of  a  Jet  propeller?  What  kind  and  sise  of 
pump  would  you  advise  to  attach  to  the  same 
engine?  W.  O.  N.,  Grand  Rapids,  Mich. 

AicB.— We  would    very   strongly  advise   against 
making  the  proposed  change. 
♦*» 

(65)  (a)  How  is  the  so-called  "chilling"  of  iron 
castings  accomplished  ?  (5)1  have  some  chilled  car 
wheels  that  are  worn.  How  can  I  draw  the  temper 
so  as  to  be  able  to  true  them  up,  and  how  can  I 
retemper  them  afterward?  (c)  How  are  shotguns 
polished  on  the  inside?  (d)  Where  can  I  get  a  me- 
chanical magasine  in  the  Portuguese  language? 

K.LG..AUgoas.Brasil. 
Aks.— (a)  By  using  an  iron  mold.  (5)  These  wheels 
are  trued  by  emery  wheels.  Just  as  they  are.  (c)  After 
the  finish-boring  by  means  of  a  square  reamer,  the 
final  finish  is  given  with  a  wood  or  lead  lap  charged 
with  emery,    (d)  We  know  of  no  such  magazine. 

••• 

(66)  (a)  I  am  told  that  an  injector  will  not  work 
if  the  delivery  pipe  taps  the  boiler  above  the  water- 
line.  Is  this  tnie7  (5)  What  do  you  think  of  the 
prediction  that  the  future  universal  use  of  electric 
railways  will  ruin  agriculture  by  affectins  the  atmos- 
pheric electricity  so  much  that  clouds  will  not  form, 
and,  hence,  no  rain  will  fall? 

L.  D.  K..  Meadville,  Mo. 
AicB.— (a)  Have  never  tried  this,  nor  would  we 
think  of  doing  so;  neither  have  we  ever  known  it  to 
be  tried.  It  is  for  those  that  propose  such  a  thing  to 
adduce  some  reason  for  doing  it.  While  there  are 
obvious  reasons  for  turning  the  injected  stream  into 
the  body  of  water  in  the  boiler,  we  cannot  see  any 
reason  for  turning  it  into  the  steam  space,  and  we 
feel  sure  it  would  not  work  well,  if  at  all.  (5)  We 
think  you  need  not  be  alarmed  on  this  score. 
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(67)  In  enclosed  sketch,  A  designs  revetment 
with  piece  ab.  B  says  the  function  of  this  piece 
is  zero  and  is  a  waste  or  material;  it  should  be  placed 
fh>m  a  to  c,  and  for  ftirther  strengthening  an 
additional  piece  cd  used.  A  claims  this  would 
introduce  oblique  stresses,  which  is  an  objection. 
B  says  that  a  severe  stress  ince  causing  the  wale  at  c 


'•*•-'; 'V'- ■;-■■'■; ;  ';'■'"■;  ivf lu  fit  qirBfii><i'  .f 


to  deflect  should  have  ac  or  ac  and  cd  to  take 
up  the  excess  stress.  A  claims  that  this  stress  is 
transferred  through  the  wale  to  6  a  and  fd;  also, 
that  the  two  back  rows  of  piles  are  not  designed 
as  anchor  piles  but  as  a  crib.  The  revetment  is 
to  be  built  in  midstream  of  a  tidal  river  with  a  rise 
and  fall  of  about  6  ft.  and  It  must  stand  heavy  ice 

f pressure  and  will  not  be  filled  in  at  first.  Which 
s  right?  C.  8.  S..  St.  Davids,  Pa. 

Airs.— The  piece  a  b  would  serve  to  hold  the  pile 
a  in  an  upright  position  and  thus  increase  its 
lateral  resistance,  which  is  essential  if  it  is  intended 
that  the  lateral  pressure  of  the  ice  be  resisted 
entirely  by  the  row  of  piles  adh,  but  we  can  see 
no  other  advantage  to  be  gained  by  using  this  piece. 
The  diagonal  pieces  ac,  cd,  etc.  would  give  some 


additional  stiffliess  to  the  revetment.  With  thia 
construction,  however,  it  would  seem  advisable  to 
increase  the  sise  of  the  wale  adh.  We  also  suggest 
that,  in  order  to  suificiently  support  the  outer  row 
of  piles  against  the  ice  pressure  before  the  crib  is 
filled,  it  would  seem  necessary  to  place  a  timber 
strut  along  each  of  the  iron  rods, 
in  the  plane  of  the  rods,  which, 
.^^^  we  infer,  is  approximately  the  posi- 

Nftvis    2  tion  of  the  plane  of  greatest  pres- 

'  Sj  sure.    In  our  opinion  the  design  is 

j  susceptible  of  improvement. 


(68)  (a)  How  is  a  screw  propeller 
fastened  to  the  tailshalt  of  a  marine 
engine?  (b)  What  is  the  nature  of 
thestuffingbox  used  on  the  tailsbaft 
to  prevent  water  ftx)m  entering? 
(c)  What  means  of  lubrication  are 
employed?  (d)  Is  it  advisable  to 
mix  sapolio  shavings  with  the  lubri- 
cating oil  used  in  tne  bearings  of  a 
new  engine? 

J.A.T.,Weedsport,N.Y. 

Xss.—ia)  The  hub  is  bored  out 
tapering  to  fit  a  tapered  seat  on  the 
shaft.  A  feather  is  sunk  half  and 
half  into  the  shaft  and  hub.  The 
propeller  is  sent  home  by  a  large 
nut  bearing  against  the  after  face 
of  the  hub.  Suitable  stops  are  pro- 
vided to  prevent  this  nut  fh>m  slack- 
ing back,  (b)  The  stem  stnffingbox 
does  not  differ  in  any  essential  part 
fh>m  an  ordinary  stuffingbox  and 
gland.  It  is  usually  packed  with 
square  flax  packing,  lubricated 
with  tallow,  (c)  The  gland  is  left 
loose  enough  for  a  little  water  to 
oose  through,  the  water  lubricating 
the  shaft,  (d)  In  "The  Steam- 
Electric  Magazine,"  March,  1899, 
there  is  an  article  entitled  "  Curing 
a  Hot  Bearing,"  in  which  the  author 
gives  his  experience  with  sapolio. 
You  can  draw  your  own  conclusions 
fh>m  this  article. 


(69)  (a)  I  have  a  small  incan- 
descent lamp  that  requires  7  volts 
and  1  amp«'e  for  7  candlepower. 
Is  this  not  at  the  rate  of  1  candle- 
power  per  watt?  Does  not  an  ordi- 
nary lamp  require  about  ^  watts 
per  candlepower.  and  what  is  the 
difference  in  the  lamps?  (b)  W'hat 
is  the  melting  point  of  aluminum? 
What  is  the  melting  point  of  the 
alloy  given  for  solder  in  Science 
AND  Industry,  November,  1899. 
Answers  to  Inquiries,  No.  294  ? 

E.  L,  Peekskill,  N.  Y. 
Ans.— (a)  An  ordinary  incandes- 
cent lamp  takes  about  3^  or  4  watts 
per  candlepower.  A  lamp  consuming  7  watts  would 
not  give  7  candlepower  in  all  directions.  By  using 
a  reflector,  however,  the  rays  may  be  concentrated 
in  one  spot  so  that  it  may  be  made  to  give  an  illu- 
mination of  7  candlepower  over  a  small  area.  This 
is  probably  what  is  meant  by  stating  that  the  lamp 
gives  7  candlepower.  (b)  The  melting  point  of 
aluminum  is  about  70(P  C.  We  do  not  know  the 
melting  point  of  the  alloy  referred  to. 


(70)    How   is  gelatine   for   plaster   casts  made? 
Would  common  glue  answer  the  purpose? 

J.  D.  S..  Eldridge.  Cal. 
Ans.— Yes. 
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IRON   SMELTING   AS  A  SOURCE  OF   PO^VER 

Charles  P.  Turner 


Wa8tb  of  Heat  in  Coke  Phoduction — Methods  of  Utilizing  the  Vast  Heat  of  Blast 
Furnaces — ^The  Blast  Furnace  as  a  Source  of  Power 


IN  CONJUNCTION  with  the  sabject  of 
smoke  preveotion  and  the  possibility  of 
smokeless  cities,  it  is  interesting  to  con- 
sider a  plan  that,  in  addition  to  being  a 
possible  means  of  mitigating  the  smoke 
naisance,  promises  wonderful  results  in 
changing  the  present  status  of  the  iron 
industry. 

We  are  liying  in  an  age  whose  conditions 
depend  on  the  use  of  iron  to  an  extent 
exceeded  only  by  the  application  of  the 
latent  energy  of  fuel  to  the  world's  work. 
The  two  most  i>otent  &ctors  of  our  civiliza- 
tion,  fuel  and  iron,  are,  in  £eu^,  dependent 
one  on  the  other;  and  it  is  practically 
impossible  to  consider  the  uses  and  effects  of 
<me  without  including  the  other.  The  pro- 
duction of  iron  from  its  ores,  and  its  manu- 
&cture  into  the  myriad  forms  demanded  by 
the  industrial  world,  inyolve  the  consump- 
tion of  such  immense  quantities  of  fuel  as  to 
threaten  the  exhaustion  of  the  supply.  On 
the  other  hand,  the  application  of  fuel  to  the 
deyelopment  of  i>ower  is  almost  entirely 
dependent  on  the  use  of  iron  in  the  con- 
struction of  heat  engines. 

Electrical  transmission  has  introduced  an 
era  in  which  a  country  with  a  limited  fuel 
supply  may  have  large  manufacturing  in- 
terests if  provided  with  a  liberal  supply  of 
water-power.  In  the  present  state  of  the  art 
of  iron  making,  howeyer,  no  country  with- 
out a  large  supply  of  fuel  can  be  successful 
in  the  production  of  iron.  In  the  United 
States  the  output  of  iron  for  the  year  1890 
will  probably  amount  to  nearly  14,000,000 
tons,  to  smelt  each  ton  of  which  there  will 
have  been  used,  on  an  average,  nearly  a  ton 
of  fhel,  mostly  in  the  form  of  coke.  To 
produce  this  coke  an  aggregate  of  about 
20,000,000  tons  of  coal  must  be  mined.    The 


difference  between  the  coal  mined  and  the 
coke  consumed  in  the  iron  furnace  represents 
a  waste  that  is  one  of  the  most  deplorable 
features  of  the  methods  of  iron  making  now 
in  use,  especially  when  considered  in  con- 
nection with  the  modem  tendency  to  utilize 
everything  connected  with  the  business  of 
supplying  the  world's  needs.  The  freshly 
mined  coal  is  a  complex  mixture  of  carbon 
and  volatile  compounds  of  carbon  and  hydro- 
gen. When  heated  in  the  absence  of  air, 
the  volatile  compounds  are  driven  off  in  the 
form  of  combustible  gases  and  condensable 
vapors,  leaving  the  coke,  which  consists  of 
fixed  carbon  combined  with  the  ash  of  the 
coal.  In  much  the  greater  number  of  cases, 
the  gas  and  vapors  produced  by  coking  are 
worse  than  wasted.  They  rise  from  the 
''oven,"  as  the  simple  masonry  retorts  in 
which  the  process  is  carried  on  are  called, 
and  burn  with  a  smoky  flame  that  makes 
the  vicinity  of  a  coke-oven  plant  one  of  the 
most  weirdly  desolate  spots  on  earth.  With 
the  exception  of  the  small  part  of  the  heat 
that  goes  to  keep  the  temperature  of  the 
ovens  high  enough  to  carry  on  the  process 
9f  distillation,  all  the  heat  of  the  volatile 
hydrocarbons,  from  40  to  50  per  cent,  of  the 
original  heating  value  of  the  coal,  is  lost; 
and,  if  the  ovens  are  located  near  a  city,  the 
burning  vapors  add  greatly  to  the  evils  result- 
ing from  a  smoke-laden  atmosphere. 

Recently,  methods  of  coking  have  been 
invented  that  permit  the  utilization  of  the 
gases  and  vapors.  That  part  of  the  gas  not 
required  for  heating  the  retorts  may  be 
collected  and  used  for  heating  or  lighting 
purposes,  or  for  driving  gas  engines;  the 
vapors  are  condensed  and  furnish  consider- 
able quantities  of  tar  and  ammonia.  Con- 
sidered  from  the   blast-furnace  manager's 


CopyrigJU,  1900,  by  The  Colliery  Engineer  Company 


Digitized  by 


v^oogle 


66 


IRON  SMELTING  AS  A  SOURCE  OF  POWER 


Btandpoint,  by-product  coking  systeniB,  as 
the  methodfl  by  means  of  which  the  waste 
of  the  ordinary  systems  may  be  utilized  are 
called,  are  osefol  chiefly  becaose  they  make 
it  possible  to  mana£eu;ture  a  satisfactory 
quality  of  coke  from  grades  of  coal  that 
would  not  be  available  in  the  ordinary  proc- 
esses. Where  coal  that  makes  a  satisfac- 
tory quality  of  coke  by  the  old  methods  is 
available,  there  seems  to  be  little  tendency 
to  adopt  by-product  systems,  as  there  is  an 
apparent  feeling  of  uncertainty  in  regard  to 
the  practicability  of  using  by-product  coke 
for  blast-furnace  work,  a  work  in  which  the 
quality  and  quantity  of  the  metal  produced 
and  the  certainty  of  uniform  results  is  con- 
sidered more  important  than  the  money  value 
of  the  by-products  that  might  be  saved.  The 
old  type  of  ovens  have  been  thoroughly 
successful  in  supplying  a  grade  of  coke  that 
seems  to  be  an  abnoet  ideal  blast-furnace 
fuel,  and  the  supply  of  coal  suitable  for  coke 
making  in  these  ovens  is  so  plentiful  and 
cheap  in  the  largest  iron-making  centers 
of  this  country  that  by-product  coking  has 
not  made  mudi  progress.  It  is  also  argued 
by  the  advocates  of  the  old  systems  that  in 
the  vicinity  of  the  coke  fields  there  is  not 
sufficient  demand  for  the  great  quantitiee  of 
gas  that  would  be  produced  to  warrant  the 
expense  involved  in  an  attempt  to  utilize  it 
When,  however,  we  see  large  coke-oven 
plants  i>olluting  the  air  of  a  city  with  their 
waste,  while,  in  their  immediate  vicinity, 
coal  is  being  used  for  manufacturing  a  dty 
gas  supply,  the  coke  from  which  is  a  product 
of  small  value,  these  arguments  lose  much 
of  their  force;  and  one  is  led  to  wonder  what 
unknown  conditions  there  may  be  that  the 
managers  are  unwilling  to  reveal. 

In  addition  to  the  jwrtion  of  the  energy  of 
the  coal  used  in  smelting  iron  that  passes  off 
in  the  process  of  coking,  there  is  another 
large  part  that  was  heretofore  entirely  lost, 
and  is  today  but  imperfectly  utilized.  Iron 
ore  is  a  comi>ound  of  iron  with  oxygen;  and 
the  process  of  smelting  in  a  blast  furnace  is 
one  in  which  the  ore  is  brought  into  contact 
with  the  burning  fuel  under  such  conditions 
that  there  is  a  ready  transfer  of  oxygen  from 
the  ore  to  the  carbon,  thus  leaving  the  iron 
in  a  metallic  state,  while  some  of  the  carbon 
is  oxidized. 

The  conditions  are  such,  however,  that  a 
very  small  part  of  the  energy  of  the  fuel  is 
absorbed  in  bringing  about  the  transfer  of 
oxygen  from  the  ore  to  the  carbon.  Much 
the  greater  part  of  the  carbon  leaves  the  fhr- 
nace  in  the  form  of  carbon  monoxide  CO — 


a  gas  in  which  the  carbon  has  combined 
with  but  one-half  of  the  oxygen  with  which 
it  is  capable  of  combining,  and  developed 
lees  than  one-third  of  the  heat  that  it  would 
have  developed  if  combustion  had  been  com- 
plete. This  gas  leaves  the  furnace  mixed 
with  large  quantities  of  inert  gases  and  dust, 
a  condition  that  makes  its  utilization  some- 
what difficult  It  has,  however,  for  some 
time  been  employed  in  heating  the  blast  for 
the  furnace,  a  process  that  has  greatly 
reduced  the  fuel  consumption  per  ton  of 
iron  produced,  and  increased  the  output  of 
the  furnaces.  Only  a  part  of  the  available 
heat  can  be  utilized  in  this  manner;  the 
remainder  is  being  utilized  by  burning  the 
gas  under  boilers  to  make  steam  for  driving 
the  blowing  engines  and  for  generating 
I>ower  for  other  purposes  in  connection  with 
the  manufacture  of  iron  into  the  forms  de- 
manded by  the  consumers. 

As  long  as  the  steam  engine  was  the  only 
practicable  device  for  converting  heat  into 
mechanical  energy,  and  no  ready  means  were 
available  for  transmitting  mechanical  energy 
through  considerable  distances  and  distribu- 
ting it  to  the  points  where  it  was  most 
needed,  the  heat  of  the  waste  gases  from  the 
blast  fhmaoe  was  most  imperfectly  utilized, 
the  gas  was  burned  in  the  most  wasteful 
manner,  and  the  steam  was  used  in  engines 
whose  economy  was  poor.  With  the  advent 
of  electrical  and  compressed-air  transmission, 
however,  the  methods  employed  have  been 
greatly  improved,  and  modem  American 
furnace  plants  are  making  use  of  the  most 
improved  types  of  boilers  and  engines.  In 
addition  to  the  power  required  for  driving 
the  machinery  used  around  the  fumaoes,  it 
is  found  that  a  considerable  surplus  is  avail- 
able for  other  purposes. 

Recent  developments  in  the  construction 
and  use  of  the  gas  engine  are  introdu- 
cing a  new  factor  in  the  problem  of  utilizing 
blast-furnace  gases.  As  was  stated  above, 
the  combustible  portion  of  these  gases  is 
largely  diluted  with  inert  gases,  and,  what  is 
worse,  they  carry  great  quantities  of  dust, 
which  gives  more  or  less. trouble  in  the  cyl- 
inder of  a  gas  engine.  Extensive  experi- 
ments have,  however,  been  made  in  Europe 
that  indicate  that,  notwithstanding  the  dis- 
advantages of  dust  and  a  dilute  gas,  blast- 
furnace gases  can  be  successfully  used  in  the 
gas  engine.  There  are  also  indications  that 
the  waste  gas  from  a  ton  of  fuel  that  has 
been  used  for  smelting  iron  in  a  blast  fiimace 
can,  by  means  of  the  gas  engine,  be  made  to 
develop  more  power  than  is  now  obtained 
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when  the  same  amount  of  fuel  is  burned 
under  a  boiler,  and  nearly  as  much  as  could 
be  obtained  if  the  coke  were  made  directly 
into  gaa  for  gas-engine  driving. 

A  blast  furnace  is,  in  reality ,  an  immense  gas 
producer  of  the  best  type,  and,  if  it  is  desired 
to  make  gas  for  power  purposes  on  a  laige 
scale,  it  would  be  difficult  to  design  a  more 
satisfactory  device  for  the  purpose  than  a 
modem  blast  furnace.  These  £Eu;ts,  taken  in 
conjunction  with  the  recent  success  in  the 
application  of  gas  engines  to  large  i>ower 
units,  have  led  to  the  very  interesting  con- 
clusion that  one  of  the  most  valuable  prod- 
ucts of  blast-furnace  plants  of  the  fdture 
will  be  i>ower  in  some  form  suitable  for 
transmission  and  distribution,  while  the  iron 
produced  will  be  of  secondary  importance. 
Such  a  plan  would  involve  the  placing  of  the 
furnaces  in  the  vicinity  of  large  manufactur- 
ing centers,  where  there  would  be  a  ready 
market  for  both  their  products.  If  the 
demand  for  iron  should  be  less  than  the 
possible  output  of  the  ftimaoes,  they  could 
still  be  run  at  a  profit,  merely  for  the  pur- 
pose of  supplying  power.  The  only  differ- 
ence in  their  operation  would  be  the  omission 
of  the  chaiges  of  ore  and  a  modification  of 
the  methods  of  driving,  so  as  to  secure  the 
most  profitable  production  of  gas,  the  effect 
of  the  composition  of  the  charge  of  fuel  on 
the  iron  being  no  longer  considered.  Under 
such  conditions  fiimaoe  management  would 
be  greatly  modified.  Instead  of  working  for 
the  greatest  possible  production  of  iron  with 
a  mJTiimTiTn  cousumptiou  of  fusl,  it  would  be 
necessary  to  consider  the  combined  value  of 
the  two  products  of  the  furnace,  and  it  might 
even  be  found  profitable  to  restrict  the  iron 
output  per  ton  of  fuel.  In  consideration  of 
the  £Etcility  with  which  inferior  grades  of 
pig  iron  may  now  be  made  into  steel,  it 
might  even  be  found  profitable  to  sacrifice 
something  in  the  quality  of  the  iron  to  the 
production  of  a  large  and  satisfactory  supply 
of  power  gas  from  a  quality  of  fuel  that  most 
furnace  managers  of  the  present  would  think 
wholly  unfit  for  their  purpose. 

Disregarding,  however,  speculations  as  to 


the  possible  effects  on  furnace  management 
of  a  plan  that  would  make  the  blast  furnace 
primarily  a  gaa  producer  and  only  indden- 
taUy  a  device  for  the  mannfacture  of  pig 
iron,  let  us  consider  a  few  £acts  and  fig- 
ures relating  to  existing  conditions.  Let  us 
assume  that  instead  of  being  worse  than 
wasted  in  polluting  the  atmosphere  and 
desolating  everything  in  their  vicinity,  the 
by-products  of  coking  are  carefully  utilized. 
Also,  let  us  assume  that  the  best  possible 
use  is  made  of  the  waste  gases  fit>m  the 
blast  furnace.  Calculations  made  by  good 
authorities  seem  to  prove  that  the  gas  engine 
provides  a  means  of  developing  from  these 
waste  products  as  much  i>ower  as  is  now 
obtained  with  a  good  steam  engine  when 
using  a  weight  of  coal  equal  to  that  from 
which  the  coke  was  made.  Assuming  a  coal 
consumption  of  3  pounds  per  horsepower- 
hour  as  the  average  for  good  steam  plants, 
and  that  the  possible  i>ower  production  of  the 
coal  from  which  our  blast  furnaces  are  sup- 
plied with  coke  is  the  same,  the  waste  from 
the  20,000,000  tons  of  coal  now  mi*-.jd  for 
the  blast  furnaces  of  the  United  States  could 
be  made  to  develop  more  than  4,000,000 
horsepower  for  10  hours  per  day  and  300 
days  in  the  year.  A  considerable  portion  of 
this  i>ower  would  be  required  in  the  opera- 
tion of  the  furnaces;  in  fkct,  it  is  by  no 
means  all  wasted  under  present  methods  of 
operation.  There  is,  however,  little  doubt 
that  a  surplus  of  at  least  a  half  of  what  we 
have  estimated,  or  2,000,000  horsepower, 
might  readily  be  made  available  for  other 
purposes. 

The  engineering  world  looks  with  admira- 
tion on  the  power  developments  at  Niagara, 
and  the  advantages  offered  by  proximity  to 
such  a  supply  are  the  envy  of  all  manufac- 
turing  people  not  so  blessed.  The  pros- 
pective developments  at  Niagara,  however, 
provide  for  the  generation  of  but  little  more 
than  one-tenth  as  much  power  as  we  have 
shown  might  be  obtained  from  the  wastes 
from  the  manufacture  of  pig  iron,  and  whose 
development  per  unit  of  power  would  cost 
far  less  than  is  being  expended  at  Niagara. 
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Dbscriptiov  of  Simple  Transformer — Tranhformer  With  Adjustable  Secondary — Auto- 
Transformer  Regulator — Rkgulator  With  Plug  Switch 


IN  A  previoua  article,  one  common  method, 
by  means  of  which  incandescent  lights 
might  be  run  in  series  from  an  ordinary 
alternator,  was  described.  Some  of  the 
objections  to  this  system  were  pointed  out, 
one  of  the  principal  of  these  being  that  it 
was  necessary  to  cat  in  lamps  at  the  station 
in  order  to  take  the  place  of  those  that 
might  happen  to  bum  out  on  the  line.  The 
advantages  of  the  series- system  of  lighting 
are  so  great  for 


F 


apparatus  shall  use  up  as  little  power  as 
possible,  and,  in  this  article,  we  will  de- 
scribe one  of  the  more  recent  regulating 
arrangements  brought  out  by  the  General 
Electric  Company  for  use  in  connection  with 
these  circuits. 

This  regulator  is  shown  complete  in  Fig.  1, 
and  its  construction  and  operation  will  be 
understood  from  what  follows;  it  involyee  the 
use  of  a  special  transformer  and  there  are 

a  number  of 


many  special 
cases  that  yari- 
ous  devices  have 
been  devised  to 
render  the  sys- 
tem more  flexi- 
ble, and  to  effect 
the  regulation 
necessary  with 
but  very  little 
loss  of  power 
aiid  with  small 
outlay  for  appa- 
ratus. 

It  is  desirable, 
in  the  first  place, 
to  have  some 
arrangement  by 
means  of  which 
the  pressure 
applied  to  the 
series  of  lamps 
may  be  varied 
through  wide 
limits.  If  this 
can  be  done,  it 
is  dear  that  cir- 
cuits may  be 
operated  in 
which  the  number  of  lamps  is  widely  dif- 
ferent from  that  called  for  by  the  voltage 
of  the  dynamo.  One  of  the  principal  objec- 
tions to  the  old  system  was  that  any  dif- 
ference in  voltage  between  that  required 
by  the  lamps  and  that  generated  by  the 
dynamo  had  to  be  taken  up  at  the  station 
either  by  lamps  or  some  other  resistance. 
It  is   also    desirable  that    the  regulating 
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interesting  fea- 
tures connected 
with  its  opera- 
tion. Nearly 
every  person 
that  has  had 
anything  to  do 
with  an  electric- 
light  station  or 
is  at  all  inter- 
ested in  electric- 
lighting  work, 
is  familiar  with 
the  construction 
of  the  ordinary 
transformer.  In 
its  simplest 
form,  it  consists 
of  the  three 
essential  parts 
shown  in  Fig.  2; 
PandiS are  coils 
of  wire  wound 
around  the  iron 
core  C.  TheooU 
P  is  called  the 
primary f  and  is 
connected  to 
the  alternator; 
while  the  coil  S  is  called  the  fecondary, 
and  is  connected  to  the  lights.  When  an 
alternating  current  flows  through  the  pri- 
mary, it  sets  up  magnetism  through  the 
iron  core,  and  this  magnetism  is  continually 
changing  as  the  primary  current  changes. 
The  result  is  that  the  magnetism  threading 
the  coil  S  induces  an  £.  M.  F.  in  it.  If 
the  number  of  turns  in  the  secondary  is 
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luge,  the  induced  E.  M.  F.  will  be  high. 
Far  example,  if  the  primary  coil  had  1,000 
tame  and  the  secondary  also  1,000  tarns, 
the  £.  M.  F.  indnced  in  the  secondary  coil 
would  beyery  nearly  the  same  as  the  £.  M.  F. 


Fio.  2 


sapplied  by  the  alternator.  If  the  number 
of  secondary  turns  were  one-half  that  of 
the  primary,  the  E.  M.  F.  obtained  froin  the 
secondary  would  be  one-half  that  in  the 
primary;  in  fact,  the  secondary  E.  M.  F.  is 
equal  to  the  primary  E.  M.  F.  divided  by 
the  ratio  of  the  number  of  primary  turns  to 
the  number  of  secondary  turns. 

Suppose,  now,  that  the  secondary  were 
split  up  into  a  number  of  sections,  as  shown  - 
in  Fig.  3,  and  these  sections  brought  out  to 
different  points  of  a  switch.  When  the 
switch  is  on  i>oint  i,  the  whole  of  the  second- 
ary is  connected  to  the  series  of  lamps  Z,  l; 
when  it  is  on  i>oint  if,  one  section  of  the 
winding  is  cut  out,  and  the  E.  M.  F.  applied 
to  the  circuit  is  correspondingly  dimini^ed. 
By  placing  an  ammeter  in  the  circuit,  it  is 
rndily  seen  that,  should  one  or  two  lamps 
happen  to  bum  out  and  the  current  thereby 
tend  to  increase,  it  may  be  brought  back  to 
the  correct  value  by  cutting  out  part  of  the 
secondary  coU.  This  amngement  would 
then  give  a  method  of  adjusting  the  voltage 
applied  to  the  line  from  the  full  amount 
generated  by  the  secondary  coil  down  to 
zero,  if  necessary.  Generally,  the  secondary 
coil  would  be  wound  for  a  high  voltage,  as 
the  number  of  lamps  operated  per  circuit 


pies  involved  are  the  same.  It  will  be 
noted  that  the  two  coils,  primary  and 
secondary,  are  entirely  distinct,  and  in  no 
way  connected  with  each  other.  This  is  the 
construction  usually  followed  in  ordinary 
transformers,  because  the  secondary  circuit 
is,  in  most  cases,  of  very  much  lower  volt- 
age than  the  primary  circuit,  and  it  would 
not  be  desirable  to  have  the  low-tension 
secondary  connected  in  any  way  to  the  high- 
tension  primary.  There  is  not  so  much 
need  of  keeping  the  two  coils  separated 
when  the  secondary  voltage  is  nearly  the 
same  as  the  primary,  and  this  is  the  state  of 
afSurs  when  incandescent  lights  are  operated 
in  series.  Suppose  two  coils  AB  and  i?  Care 
wound  on  an  iron  core,  as  shown  in  Fig.  4, 
these  two  coils  being  connected  in 
Connect  the  pri- 
mary wires  from 

the  alternator  to    

AB  and  thone Primary 
from  the  second- 


i« 


/6 


Secondary 


Fig.  4 


ary,  or  lamp  cir- 
cait,to^C.  We 
will  now  have  a 
transformer  in 
which  the  same 
winding  serves 
both  for  the  pri- 
mary and  second- 
ary coils.  Current  will  flow  from  the  mains 
through  AB,  and  will  set  up  magnetism 
in  the  core.  This  magnetism  will  generate 
a  pressure  in  BC,  and  this  pressure  will  be 
added  to  that  of  the  primary,  thus  making 
the  pressure  across  the  secondary  greater 
than  that  generated  in  the  primary  by  the 
amount  generated  mBC.  Such  an  arrange- 
ment is  sometimes  called  an  auto-tramformer. 
If,  however,  the  connections  of  the  winding 
BC  were  reversed,  as  shown  in  Fig.  6,  the 
voltage  in  BC  would  be  tubtracUd  from  that 
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would  require  a  voltage  nearly  equal  to  that 
of  the  dynamo. 

A  transformer,  such  as  the  above,  might 
be  used  for  this  work,  but  it  has  been  found 
advisable  to  modify  it,  although  the  prind- 


of  the  line,  and  the  pressure  across  the 
secondary  could  be  made  much  lower  than 
that  of  the  line.  If,  in  addition  to  having 
some  means  of  reversing  these  connections, 
we  also  have  the  portion  B  C  divided  into 
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sections,  it  will  be  readily  seen  that  the 
secondary  voltage  may  be  varied,  by  gradual 
steps,  from  a  point  considerably  above  that 
of  the  line  to  a  point  the  same  amount  below 

it.  Suppose,  for 
example,  that 
the  line  voltage 
were  1,000,  and 
that  the  coUi?C 
were  wound  for 
200  volts.  A 
range  of  voltage 
on  the  second- 
ary could  then 
be  obtained 
from  1,200  volts  to  800  volts. 

This  is  accomplished  as  indicated  in  the 
diagram.  Fig.  6;  AB  represents  one  section 
of  the  winding  and  CD  the  other.  The 
coil  CD  is  split  up  into  a  number  of  sections, 
as  shown,  and  the  terminals  of  these  sections 
are  brought  to  the  contact  plates  a.  Two 
sliding  arms  e,  /  make  connection  between 
these  blocks  and  the  contact  arcs  g,  h.  The 
arms  e,  /  are  moved  by  means  of  a  hand 
wheel,  one  of  them  being  operated  directly, 
and  the  other  through  gearing,  so  that  when 
one  rotates  in  one  direction  the  other  moves 
in  the  opposite  direction,  thus  allowing  both 
arms  to  move  over  the  whole  range  of  the 
contact  pieces.  In  order  to  accomplish  this, 
the  aims  must,  of  course,  be  arranged  so  that 
they  can  slide  one  over  the  other.  One  side 
of  the  lamp  circuit  is  connected  to  h  and 
the  end  of  the  coil  A  B  connects  to  g.  An 
anmieter  is  also  included  in  the  circuit,  so 


Pig.  6 

that  the  current  can  be  accurately  adjusted. 
By  tracing  out  the  connections  it  will  be 
seen  that  when  arm  /  is  at  the  extreme 
left,  arm  e  will  be  at  the  extreme  right,  and 


the  whole  £.  M.  F.  of  CD  will  be  added  to 
that  of  AB.  When  the  arms  are  in  the 
other  extreme  position,  the  £.  M.  F.  of  CD 
is  subtracted.  Any  intermediate  voltage 
between  these  two  limits  can  also  be  ob- 
tained, the  secondary  voltage  being  that  of 
the  primary,  plus  or  minua  the  voltage  gen- 
erated in  the  winding  included  between  the 
two  arms.  If  both  arms  were  in  the  middle 
position,  they  would  both  be  on  the  middle 
contact  block,  and  the  secondary  voltage 
would  be  the  same  as  the  primary. 

In  the  ordinary  regulator,  the  primary  is 
wound  for  1,100  or  2,200  volts,  and  for  a  line 


Fig.  7 

current  of  3.5  or  5.5  amperes.  The  adjust- 
able i>ortion  of  the  winding  is  wound  for  230 
volts,  with  a  sufficient  number  of  taps  to 
give  23-volt  sections.  The  regulator,  tiiere- 
fore,  allows  adjustment  from  870  to  1,330 
volts  in  the  1,100-volt  regulator,  and  from 
1,970  to  2,430  in  the  2,200-volt  regulator. 
This  range  is  ample  for  all  ordinary  require- 
ments, but  in  some  cases  a  greater  range 
might  be  required  if,  for  example,  it  were 
desired  to  run  a  circuit  carrying  a  number 
of  lamps  either  greatly  above  or  below  the 
ordinary  number.  This  is  accomplished  as 
shown  in  Fig.  7.  The  connections  to  the 
coil  A  B  are  the  same  as  before,  but  three 
taps  are  brought  to  the  plug  contacts  i,  f, 
and  S,  We  will  suppose,  for  the  present, 
that  the  rc^gulating  switch  is  at  its  middle 
I>osition,  and  may,  therefore,  be  left  out  of 
account  so  fiu  as  its  affecting  the  voltage  is 
concerned.  The  voltage  on  the  secondary 
line  will  then  be  equal  to  that  in  the  primary 
coil;  for  example,  when  the  plug  is  in  jp,  the 
secondary  voltage  will  be  the  same  as  that 
between  A  B\  when  it  is  in  i,  the  secondary 
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voltage  will  be  equal  to  the  primary  voltage, 
leas  the  voltage  generated  in  x  B.  When  the 
plug  is  in  ^,  the  secondary  voltage  will  be 
equal  to  the  primary  plus  the  voltage  gener- 
ated in  By, 

The  effect  of  the  plugging  arrangement  is, 
then,  to  increase  largely  the  range  of  the 
r^;iilator,  the  regulating  coil  being  used 
for  obtaining  just  the  intermediate  voltage 
required.  The  regulators  made  with  this 
plugging  attachment  give  a  variation  in  volt- 
age from  440  to  1,760  on  the  1,100-volt 
regulator,  and  1,540  to  2,800  on  the  2,200- 
volt  regulator.  The  general  appearance  of 
the  regulator  with  the  plug  attachment  is 
shown  in  Fig.  1.  The  plug  switch  is  located 
at  the  bottom  of  the  board,  and  a  knife 
switch  is  placed  near  the  top,  to  disconnect 
the  lamp  circuit  from  the  dynamo  and 
regulator. 

It  will  be  seen  from  the  above  description 
that  a  special  transformer  of  this  type 
enables  the  current  to  be  adjusted,  even 
though  there  is  a  wide  range  of  variation  in 


the  number  of  lamps  operated.  The  loss  of 
power  is  also  small,  because  the  transformer 
is  not  large,  and  the  various  losses  in  it  do 
not  amount  to  very  much,  so  that  in  this 
respect  it  is  far  better  than  the  old  method 
of  cutting  in  lamps  at  the  station. 

The  series  incandescent  system  cannot,  of 
course,  compete  with  the  arc  light  for  illu- 
minating large  areas,  but  it  is  very  useful  for 
lighting  streets  that  are  thickly  shaded  by 
trees.  It  is  also  a  system  that  requires  little 
attention  and  gives  good  results  if  the  lamps 
are  kept  up  to  their  full  candlei>ower.  If 
the  line  current  is  not  kept  at  the  right 
value,  the  system  will  not  give  satis&ction, 
and  this  is  where  the  regulator  plays  an 
important  part.  There  are  a  number  of 
other  modifications  of  the  transformer  that 
have  been  applied  to  this  work,  and  the 
above  has  been  selected  as  an  example  of 
one  that  brings  out  most  of  the  important 
principles  involved,  and  serves  as  a  good 
example  of  one  of  the  many  uses  to  which 
the  transformer  has  been  put. 
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Hbat  Losses  in  a  Boilkr — ^Rsduction  of  Heat  Losses  Incidental  to  the  Employment 
OP  Mechanical  Draft — Some  Tests  With  Induced  Draft 


THE  potential  efficiency  of  a  fuel  is, 
naturally,  to  be  measured  by  the  total 
amount  of  heat  that  it  is  capable  of 
generating,  as  compared  with  some  other 
oombuBtible  accepted  as  a  standard.  The 
effidency  thus  measured  is,  of  course,  inde- 
pendent of  the  means  provided  for  utilizing 
the  heat.  Such  a  means  is  the  steam  boiler, 
and  to  its  design  and  construction  are 
chargeable  numerous  losses  incident  to  the 
burning  of  fuel  for  steam  generation. 

The  potential  or  heat  value  of  a  fuel  is, 
naturally,  to  be  determined  by  chemical 
analysis,  or  by  means  of  a  fuel  calorimeter. 
If,  merely  for  the  purpose  of  comparison, 
we  accept  pure  carbon  as  a  basis,  we  shall 
have  relative  fuel  effidendee  based  on  the 
thermal  units  in  1  pound  of  coal,  as  indi- 
cated in  columns  2  and  3  of  Table  I,  pure 
carbon  having  a  heat  value  of  14,650  B.  T.  TJ. 
This  value  may  be  actually  exceeded  by  a 
coal  that  is  strong  in  hydrogen  and  leaves 
littie  ash.  To  indicate  the  damaging  effect 
of  the  loseea  inddent  to  burning  in  connec- 
tion with  an  ordinary  boUer,  the  succeeding 


columns  of  Table  I  have  been  added.  A 
boiler  effidency  of  60  to  70  per  cent,  doubt- 
less, represents  average  practice.  Hence,  a 
fuel  having  a  heat  value  of,  say,  12,000 
B.  T.  TJ.,  or  only  82  per  cent,  of  that  of  pure 
carbon,  will,  when  burned  in  connection 
with  a  boiler  having  an  efficiency  of  only 
60  per  cent.,  show  a  resulting  utilization  of 
heat  that  represents  only  .82  X  .60  =  49.2 
per  cent  of  the  total  heat  value  of  the 
carbon. 

The  highest  practicable  efficiency  of  a 
modem  boiler  plant,  with  mechanical  means 
of  draft  production  and  devices  for  heat 
utilization,  is  about  90  per  cent,  of  the  total 
heat  value  of  the  fuel.  Between  this  and  60 
to  70  per  cent  is  the  vantage  ground  within 
which  economic  gain  may  be  sought  Other 
things  being  equal,  the  first  consideration 
regarding  the  effidency  of  fuel  with  mechan- 
ical draft  is  concerned  with  the  thorough- 
ness of  the  combustion;  in  other  words,  with 
the  heat  value  of  the  products  of  combus- 
tion obtained  from  a  given  quantity  of  fuel. 
This  is  not  merely  to  be  measured  in  thermal 
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anite,  but  the  intenfiity  of  the  temperature  is 
also  of  great  imi>ortance;  that  is  to  aay,  there 
is  more  atilizable  value  in  10,000  cubic  feet 
of  gases  at  600^  than  in  20,000  cubic  feet  at 


TABLE  I 
Epficixncy  of  Fuklb 


d 

^ 

«   . 

1 

1 

S 

^ 

14,650 

15.2 

100.0 

14,500     15.0 

99.0 

14,000 

14.5 

95.6 

13,500 

14.0 

92.2 

13,000 

13.5 

88.8 

12,600 

12.9 

85.4 

Effldency  of  Boiler. 


I     Wjt     I     80j{ 


112,000 
!  11,600 
111,000 
I  10,600 
110,000 
'  9,500 
I  9,000 
I    8,500 


12.4 

11.9 

11.4 

10.9 

10.4 

9.8 

9.3 

8.8 


82.0 
78.6 
75.2 
71.8 
68.3 
64.9 
61.4 
58  0 


o 


90.0 
89.0 
86.0 
83.0 
79.9 
76.9 
73.8 
70.7 
67.7 
64.6 
61.5 
58.4 
55.3 
52.2 


li 


80.0 
79.2 
76.5 
73.8 
71.0 
68.3 
65.6 
62.9 


70jf 


70.0 
69.3 
66.9 
64.5 
62.2 
59.8 
57.4 
55.0 


60.2 

52.6 

57.4 

50.3 

54.7 

47.8  I 

51.9 

45.4 

49.1 

43.0  ! 

464 

40.6  ! 

«* 


e 
ll 


60.0 
59.4 
57.4 
55.3 
53.3 
51.2 
49.2 
47.2 
45.1 
43.1 
41.0 
38.9 
36.8 
34.8 


W 


1-^ 


I 


300^.  The  difference  in  yolume  is  due  to 
the  difference  in  the  amount  of  air  supplied 
per  pound  of  coal;  coinddently,  the  greater 
the  air  supply,  the  less  the  temperature. 


The  apparently  paradoxical  result  is  that 
within  the  usual  range  of  boiler  practice  an 
increase  in  the  air  supply  per  pound  of  fuel 
actually  increases  the  temperature  of  the 
gases  as  they  escape  to  the  chim- 
ney, and,  consequently,  increaaee 
the. amount  of  heat  that  is  abeo- 
lutejy  wasted.  With  mechanical 
draft  it  is  possible,  because  of  its 
greater  intensity,  to  carry  fires  of 
greater  depth  and  to  secure  higher 
efficiency  in  the  utilization  of  tlie 
air.  As  a  consequence,  perfect 
combustion  can  be  aooompUshed 
with  less  air  and  less  waste  than 
with  chinmey  draft.  It  is  further 
true  that  under  proper  conditions, 
such  as  can  be  secured  with 
mechanical  draft,  better  efficiency 
is  secured  with  moderately  high 
than  with  low  rates  of  combus- 
tion. 

A  most  excellent  illustration  of 
this  fact  is  presented  in  Table  11. 
This  covers  the  results  of  tests 
with  the  Wilkinson  stoker  oper- 
ating at  different  rates  of  com- 
bustion. The  construction  of  this 
stoker  is  such  as  to  present  an 
excellent  opportunity  for  intimate 
contact  of  fuel  and  air.  The 
results  indicate  that  with  a  com- 
bustion rate  of  45.4  pounds  per 
square  foot  of  grate  surface  per 
hour,  the  air  supply  was  actually  less  by 
11.2  per  cent  than  the  amount  chemically 
required  by  the  fuel;  under  these  condi- 
tions, an  evaporation  of  11.69  i>ounds  of 


50.0  I 
49.5 

47.8  I 

46.1  1 

44.4  I 
42.7  I 
41.0  I 
39.3  > 

37.6  I 

36.9  ' 

34.2  I 

32.5  ' 

30.7  I 
29.0  ' 


TABLE  n 
Am  Supply  With  Diffkrsnt  Rates  of  Combustion  on  a  Wilkinson  Automatic  Mechanical  Stoker 


Buckwheat  Coal  Baraed 
per  Hour  per  8q.  Ft.  of   ' 
Stoker  Grate.  i 

Pounda. 


12.0 
18.0 
25.2 
32.5 
41.5 
45.4 


Air  Theoretically 

Required  to  Bum  1  Lb. 

of  Buckwheat  Coal. 

Air  Actually  Supplied 
to  Bum  1  Lb.  of 
Buckwheat  Coal. 

Cubic  Feet. 

CuWc  Feet. 

125 

232 

125 

157 

125 

132 

126 

123 

125 

111 

125 

111 

Percentage  of  Ezcen     I 

or  Deficiency  of  Air       , 

Supplied.  I 


-1-85.6 
4-26.6 
-f    5.6 

—  1.6 

—  11.2 

—  11.2 


Hence,  the  larger  volume  paesee  with  greater 
speed  acrofls.the  boiler  surfaces,  and  has  less 
time  to  part  with  its  heat,  while  at  the  same 
time  the  lower  temperature  of  the  gases 
reduces  the  rate  of  transmission  by  heat. 


water  from  and  at  212°  per  pound  of  com- 
bustible was  recorded.  As  a  result  of  this 
deficiency  in  air  supply  a  certain  amount  of 
carbonic  oxide  is  necessarily  formed.  But 
with  the  perfect  utilization  of  air  supply  that 


Digitized  by  ^OOQIC 


THE  EFFICIENCY  OF  FUELS 


73 


is  Available  the  lo«  by  fonnation  of  carbonic 
oxide  ifl  leaa  than  that  which  would  occur  as 
the  result  of  heating  the  large  volume  of  air 
that  would  have  to  be  provided  under  less 
fiftvorable  conditions. 

The  efficiency  with  which  coal  may  be 
bomed  depends  to  a  material  degree  on  the 
sixe  of  the  coal,  the  small  coals  requiring 
more  intense  draft,  as  they  present  but  little 
opix>rtunity  for  the  circulation  of  air  around 
the  particles,  and  because  most  of  them  con- 
tain a  large  percentage  of  non-combustible 
matter  that  remains  as  ash.  As  a  rule,  how- 
ever, the  low-grade  fuels  of  this  character  are 
commercially  the  more  efficient,  provided 
they  can  be  burned  successfully;  that  is  to 
say,  it  is  usually  the  case  that  the  cost 
of  fuel  generally  decreases  more  rapidly 
than  does  the  evaporative  efficiency.  In  so 
far  as  the  intensity  of  draft  produced  by 


frequent  charging,  and  in  the  second  set, 
8.19  per  cent 

Smoke  is  primarily  due  to  inadequate  air 
supply  and  mixture  with  fuel  and  gases. 
The  loss  by  this  means  is  not  ordinarily 
very  great,  notwithstanding  its  apparent 
magnitude.  Doubtless,  1  per  cent,  of  the 
total  amount  of  coal  fired  would  represent 
the  maximum  in  general  practice.  But  it 
is  not  because  of  this  loss  that  smoke  is 
so  objectionable;  it  is  rather  because  of  its 
contaminating  effect  on  the  atmosphere — an 
effect  so  great  as  to  bring  about  the  pas- 
sage of  restrictive  regulations  that,  when 
duly  enforced,  necessitate  the  prevention 
of  smoke  or  the  suspension  of  business. 
While  mechanical  draft  cannot  be  presented 
as  a  distinct  smoke  preventive,  nevertheless 
the  fact  that  it  can  supply  air  at  any  desired 
pressure,  and  in  any  required  volume,  renders 


TABLE  m 
Effects  of  Excess  of  Air 


Ezcefli  of  Air,  In 

Per  Cent.,  of 

Amount  Chemically 

Bequired. 


0 
50 
75 
100 
125 
150 
175 
200 


Total  Weight  of 
Air. 

Pounds. 


9.04 
13.56 
15.82 
18.08 
20.34 
22  60 
24.86 
27.12 


Total  Weight  of 

Products  of  Perfect 

Combustion. 

Pounds. 


9.84 
14.36 
16.62 
18.88 
2114 
23.40 
25  66 
27.92 


Ideal  Temwature  |  Relative  Volume  of 

Tiw7nfm^«       '      GMes  at  Ideal 

Heart  of  Pire.  Temperature 

Degrees.  Above  ejP*. 


5,053 
3,461 
2,982 
2,633 
2,351 
2,124 
1,937 
1,780 


mechanical  means  makes  possible  the  burn- 
ing of  such  fuels,  the  saving  may  properly 
be  credited  to  the  method  of  draft  produc- 
tion. 

The  rate  at  which  coal  should  be  fed  to  a 
fomaoe  is  largely  dependent  on  its  character. 
It  is  doubtless  true  that  the  feeding  is  usually 
in  too  large  quantities  or  too  great  intervals. 
Henoe,the  economy  claimed  for  the  mechan- 
ical stoker  that  feeds  constantly  at  a  rate 
proi>ortional  to  the  requirements.  In  tests 
conducted  on  two  kinds  of  coal  by  M.  Bumat, 
coal  was,  in  eight  different  experiments,  fed 
at  the  constant  rate  of  225  pounds  per  hour 
and  burned  at  the  rate  of  10.8  pounds  per 
square  foot  of  grate,  the  air  supply  remaining 
practically  constant.  The  rate  of  feeding 
was,  of  necessity,  the  average  of  the 
chafges,  which  ranged  from  13.3  pounds  up 
to  55.4  pounds  per  charge.  In  the  first  set 
of  experiments,  the  evaporative  efficiency 
was  3.03  per  cent,  higher  with  the  most 


it  available  as  one  of  the  best  means  of  assist- 
ing in  the  abatement  of  the  smoke  nuisance. 

Although  we  hear  much  regarding  the 
losses  by  the  fomuition  of  carbonic  oxide 
instead  of  carbonic  dioxide,  or  carbonic 
add,  as  it  is  more  commonly  called,  never- 
theless the  loss  by  the  formation  of  car- 
bonic oxide  is  usually  very  small— seldom 
over  1  per  cent,  in  good  practice.  But 
unfortunately  there  are  conditions  under 
which  the  air  supply  is  so  inadequate  as  to 
furnish  only  a  portion  of  the  oxygen  neces- 
sary for  complete  combustion.  It  is  under 
such  conditions  that  mechanical  draft 
becomes  of  prime  importance  in  increasing 
the  efficiency.  The  positive  and  ample 
supply  resulting  from  the  employment  of 
mechanical  means  serves  to  meet  all  require- 
ments and  to  reduce  the  amount  of  carbonic 
oxide  to  a  negligible  quantity. 

In  connection  with  the  prevention  of  both 
smoke  and  carbonic  oxide,  the  admission  of 


Digitized  by 


v^oogie 


74 


THE  EFFICIENCY  OF  FUELS 


air  above  the  fire  is  usually  of  considerable 
importance.  In  order  to  render  this  possible, 
it  is  usually  necessary  to  employ  the  induced 
principle,  so  that  the  partial  vacuum  pro- 
duced within  the  combustion  chamber  will 
cause  inward  flow  of  air  through  special  open- 
ings in  fire-doors  and  elsewhere. 

Whenever  the  arrangement  is  warranted, 
much  more  positive  results  are,  however, 
secured  by  using  the  forced-draft  method 
and  arranging  it  so  that  most  of  the  air 
is  discharged  beneath  the  fires,  and  the 
remainder  sprayed  across  the  top  of  the 
fuel,  thereby  supplying,  at  the  proper 
moment,  the  additional  amount  of  oxygen 
that  may  be  needed. 

The  twofold  loss  of  heat  due  to  an  excess 
of  air  supply  has  already  been  alluded  to. 


frequently  much  exceeded.  With  good 
arrangement  of  mechanical  draft  50  per 
cent  excess  can  be  made  s^rve  the  require- 
ments and  bring  about  consequent  saving 
due  to  higher  temperature  fecured  in  the 
furnace. 

This  problem  of  heat  loss  in  the  escaping 
gases  is  the  most  important  in  boiler  prac- 
tice, for  here  exists  the  greatest  opportunity 
for  saving.  Table  IV  serves  to  indicate 
most  clearly  how  these  losses  mount  up 
with  the  temperature  and  excess  of  air. 
They  are  figured  for  a  coal  having  a  heat 
value  of  only  11,720  B.  T.  U. 

With  the  conditions  that  prevail  when  a 
chinmey  is  employed  to  produce  draft,  an 
excess  air  supply  of  100  per  cent,  is  to  be 
considered  common  practice,  as  is  also  a 


TABLE  IV 

Loss  OF  EFFIdENCY  DUE  TO  EXCESS  OF  AlB,  AND  TEMPBBATURE  OP  ESCAPING  GaSES  ABOVE  ATMOSPHERE 


I  "'5. 


0 
50 
75 
100 
125 
150 
175 
200 


Temperature  of  Escaping  Gases  Abore  Atmosphere. 


800° 


si 


695 
1,016 
1,176 
1,336 
1,495 
1,655 
1,815 
1,975  I 


860° 


I 


400° 


1^1 1  g 


6.9 

928 

10.1 

1,354 

11.7 

1,568 

13.3 

1,781 

14.9 

1,994 

16.5 

2,207 

18.0 

2,420 

19.6 

2,633 

7.9 
11.5 
13.3 
15.2 
17.0 
18.8 
20.6 
22.4 


1,044  I 
1,524 
1,764  I 
2,003! 
2,243  1 
2,483  I 
2,715  I 
2,957  I 


8.9  1,160 
13.0  !  1,693 
15.0  I  1,959 

17.0  I  2,226 

19.1  1  2,492 
21.1  i  2,759 

23.1  1  3,025 

25.2  3,291 


9.9  '  1,276 
14.4  I  1.862 
16.7     2,155 


19.0 
21.2 
23.5 
25.8 
28.0 


2,448 
2,742 
3,035 
3,228 
3,621 


10.9 
15.9 
18.4 
20.9 
23.4 
25.9 
28.4 
30.8 


The  effect  of  air  supply  in  varying  amounts 
in  excess  of  that  chemically  required  in  the 
case  of  a  coal  containing  80  per  cent,  of 
carbon  is  clearly  shown  in  Table  III.  The 
ideal  temperature  is  that  to  which  the 
products  of  combustion  would  be  heated  if 
no  losses  occurred.  It  is  to  be  noted  that 
under  the  conditions  given,  the  ideal  tem- 
perature is  reduced  from  5,053°  above  the 
atmosphere  to  2,633°,  by  the  admission  of 
twice  the  amount  of  air  theoretically 
required. 

Unfortunately,  in  modern  boiler  prac- 
tice, it  is  usually  impossible  to  secure 
reasonably  perfect  combustion  without  some 
excess.  With  a  chimney,  this  usually 
amounts  to  about  100  per  cent,  although 


temperature  of  the  escaping  gases  of  not 
less  than  450°  above  the  atmospheric  tem- 
perature, except  in  what  may  be  called 
thoroughly  good  plants.  This  shows  a  loss 
of  17  per  cent ;  with  a  better  coal  it  might 
readily  amount  to  25  per  cent,  of  the  heat 
value  of  the  fuel  thus  actually  discharged  up 
the  chimney  and  thrown  away.  This  loss  is 
absolute;  with  a  chimney  it  is  usually  neces- 
sary in  order  to  produce  the  draft.  Tests 
by  Donkin  and  Kennedy  showed,  as  the 
results  of  seventeen  different  experiments, 
losses  ranging  as  high  as  31.8  per  cent 
When  mechanical  drafk  is  employed,  none 
of  this  heat  is  actually  necessary  to  the 
operation  of  the  fan;  in  fact,  if  it  acta 
on   the  induced  principle,  the  lower  the 
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fcempenitare,  the  lees  the  size  and  speed 
of  the  fan  required,  and  the  smaller  the 
amount  of  power  necessary  to  operate  it. 
As  a  resolt,  with  mechanical  draft  all  the 
heat  is  rendered  ayailable  for   utilization 


It  is  andoabtedly  tnie  that  the  attempt  is 
often  made  to  apply  this  device  on  plants 
that  are  too  small  to  warrant  the  expendi- 
ture. It  is  further  true  that  the  commercial 
efficiency  of  the  economizer  depends  pri- 


TABLE  V 
Tbbts  With  Eoonomizess 


Remarks. 


Are*  of  heating  surface,  boiler ^uarefeet 

Area  of  heating  sarfiftce,  economizer square  feet 

Temperature  of  gases  leaving  boiler degrees 

Temperature  of  gases  leaving  eoonomlMT degrees 

Temperature  of  feedwater  entering  economizer...  degrees 

Temperature  of  feedwater  entering  boiler degrees 

Increased  evaporation  produced  by  economizer,  per  cent. 


Designation  of  Boiler. 


II. 

III. 

IV. 

V. 

4,068 

6,592 

8,126 

1,880 

1,920 

1.280 

1,600 

1,600 

861 

40S 

485 

618 

254 

299 

279 

865 

79 

m 

84 

88 

146 

169 

196 

225 

7.0 

9.8 

12.8 

29.0 

by  feedwater  economizers,  heaters,  etc. 
Although  these  naturally  introduce  added 
resistance,  this  is  easily  overcome  when  the 
&n  is  employed,  and  positive  but  flexible 
draft  is  maintained.    It  is  for  this  reason 


manly  on  the  cost  of  coal.  A  saving  of  10 
to  20  per  cent,  with  coal  costing  $5.00  per 
ton  is  very  different  from  the  same  percent- 
age of  saving  when  the  cost  is  but  12.00. 
The  first  may  show  a  handsome  return  on 


TABLB  VI 

RnULTB  OF  TXSTO  OF  ELLIB  &  EAYES  iNDUCBD-DKAfT  STBTEM  WITH   SrUBTBYAMT  FAN 


Items. 


Date 1894 

Duration  of  test hours  ! 

Average  steam-gauge  pressure  pounds  i 

Average  temperature  of  feedwater degrees  F. 

Average  revolutions  of  fan  per  minute 

Total  water  evaporated pounds 

Total  coal  burned pounds  , 

Total  combustible  consumed  pounds  . 

Coal  burned  per  square  fbot  of  grate  per  hour  pounds  ' 

Water  evaporated  per  pound  of  coal  f^om  and  at  212°. .     pounds 
Water  evaporated  per  pound  of  combustible  ftom  and 

at  212® pounds 

Average  temperature  at  fan  outlet degrees  F. 

Average  temperature  at  fan  inlet degreesF. 

Average  temperature  at  air  down-take degreesF. 

Average  vacuum  at  fan  inlet inches  of  water 

Average  vacuum  over  fires inches  of  water 

Average  vacuum  under  fires inches  of  water 

Average  vacuum  at  air  down-take inchesof  water 


I 


Number  and  Conditions  of  Test. 

I. 

II. 

in. 

No.lBoUer. 

No.  1  Boiler, 

No.  2  Boiler, 

Plain  Tubes 

Plain  Tubes 

Serve  Tubes 

With 

With 

With 

Retarders. 

Retarders. 

Retarders. 

Sept.  28. 

Oct.  5. 

Sept.  29. 

6 

6 

6 

96 

95 

96 

157 

166 

165 

507 

472 

468 

72,661 

69,708 

71,697 

11,000 

8,920 

8,716 

9,746 

7,780 

7,717 

62.08 

42.28 

41.26 

7.228 

7.274 

8.989 

8.165 

8.832 

10.097 

625 

527 

456 

650 

547 

472 

400 

847 

315 

7.38 

6.61 

6.45 

3.88 

3.46 

8.56 

1.72 

.     1.38 

1.48 

0.62 

0.58 

0.50 

_  __ 



_     _         _ 

that  the  fan  has  come  to  be  considered 
largely  as  an  adjunct-  to  the  economizer,  by 
means  of  which  it  is  enabled  to  render  the 
most  efficient  service. 

The  saving  to  be  secured  by  introducing 
an  economizer  depends  on  the  conditions. 


the  investment,  while  the  second  may  record 
a  dismal  failure. 

The  possibilities  in  the  way  of  heat  utiliza- 
tion by  means  of  economizers  are  presented 
in  Table  V,  which  gives  results  under  various 
conditions  as  reported  by  Barrus. 
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In  cases  I,  II,  III,  and  IV  the  ayerage 
temperature  of  the  gases  leaving  the  boiler 
is  comparatiyely  low— 304®— but  the  initial 
temperature  of  the  water  is  raised  92®  on 
the  ayerage,  and  the  evaporation  increased 
9.9  per  cent  per  pound  of  coal.  If  this 
result  is  applied  to  a  1,000-horsepower  plant, 
with  coal  costing,  say,  $60  for  a  day's  run 
of  10  hours,  the  daily  saving  would  be  $5.94. 
For  a  year  of  308  working  days  this  repre- 
sents a  total  saving  of  11,829.52.  An  econo- 
mizer equipment  to  secure  the  above  results 
would  probably  cost  from  |6,000  to  $7,000. 
The  saving  would  represent  an  annual  return 
of  23  to  26  per  cent.,  certainly  sufficient  to 
warrant  careful  consideration. 

Case  y  presents  conditions  under  which 
an  economizer  is  bound  to  show  up  to 
advantage.  Figured  on  the  same  basis  as  the 
others,  it  shows  a  maximum  return  of  nearly 
75  per  cent.  Inasmuch  as  in  any  of  the 
cases  the  cost  of  a  fan  would  be  far  less 
than  that  of  a  chimney  to  produce  the  same 
results,  there  is  evidently  a  definite  and 
substantial  net  saving. 

Other  forms  of  heat  abstracters  in  con- 
nection with  which  mechanical  draft  is  still 
more  of  a  necessity  are  those  that  heat  the 
air  supply  to  the  fires  and  those  in  the  form 
of  ribbed  fire-tubes  that  serve  to  transfer 
more  heat  from  the  gases  to  the  water.  In 
both  the  resistances  are  considerable— how 
great  in  the  former  type  is  clearly  displayed 
in  Table  VI. 

In  this  form  of  air  heater  or  heat  abstracter 


the  fan  is  an  absolute  necessity  and  operates 
at  excessively  high  pressure,  the  greatest 
vacuum  recorded  in  these  tests  being  7.33 
inches  of  water  at  the  fan  inlet.  This, 
however,  brings  about  a  combustion  rate  of 
52.08  pounds  of  coal  per  square  foot  of  grate 
per  hour.  The  gain  in  evaporative  efficiency 
shown  in  test  III  is  due  primarily  to  the 
use  of  Serve  tubes,  which  are  internally 
ribbed  and,  in  connection  with  the  retarders 
(which  are  spirally  coiled  metal  strips 
within  the  tubes),  serve  to  transfer  a  con- 
siderable amount  of  heat.  It  is  to  be  noted 
that  the  fan-outlet  temperature  of  the  gases 
was  high — ^being  650® — in  the  first  case,  and 
hence  there  was  a  good  opportunity  for  its 
reduction.  The  boilers  were  internally  fired, 
and  of  the  Scotch  type.  In  such  a  boiler 
the  temperature  of  the  gases  is  usually  high. 
In  summary,  it  appears  that  certain  losses 
incident  to  boiler  operations  are  unavoid- 
able, such,  for  instance,  as  the  conversion 
of  the  water  in  the  coal  and  air  into  steam; 
the  heating  of  the  gases  to  the  minimum 
temperature  at  which  the  plant  can  be 
•economically  worked;  the  waste  in  hot 
ashes,  and  also  the  heat  waste  through 
walls.  Other  losses  are,  to  a  greater  or  less 
extent,  avoidable,  such  as  those  resulting 
from  excess  of  air,  high  temperature  of 
escaping  gases,  and  imperfect  combustion. 
It  must  be  evident  from  the  preceding  dis- 
cussion that  mechanical  draft  is  a  most,  if 
not  the  most,  important  factor  in  their 
reduction. 


HOW  TO  OPEN  A  NE\V  BOOK 


Hints  Fkom  a  Famous  Binder 


U 


H' 


OLD  the  book  with  its  back  on  a 
smooth  or  covered  table;  let  the 
front  board  down,  then  the  other, 
holding  the  leaves  in  one  hand  while  you 
open  a  few  leaves  at  the  back,  then  a  few  at 
the  front,  and  so  go  on,  alternately  opening 
back  and  front,  genUy  pressing  open  the  sec- 
tions till  you  reach  the  center  of  the  volume. 
Do  this  two  or  three  times,  and  you  will 
obtain  the  best  results.  Open  the  volume 
violently  or  carelessly  in  any  one  place,  and 
you  will  likely  break  the  back. 

"  Never  force  the  back.  If  it  does  not  yield 
to  gently  opening,  rely  upon  it  the  back  is 
too  tightly  or  strongly  lined. 


''A  connoisseur,  many  years  ago,  an  excel- 
lent customer  of  mine,  who  thought  he  knew 
perfectly  how  to  handle  books,  came  into 
my  office  when  I  had  an  expensive  binding 
just  brought  from  the  bindery,  ready  to  be 
sent  home;  he,  before  my  eyes,  took  hold  of 
the  volume,  and,  tightly  holding  the  leaves  in 
each  hand,  instead  of  allowing  them  free 
play,  violently  opened  it  in  the  center  and 
exclaimed,  *How  beautifully  your  bind- 
ings open  !  *  1  almost  fainted.  He  had 
broken  the  back  of  the  volume  and  it 
had  to  be  rebound."— 'From  ^^ Modem  Book- 
binding  Practically  Considered ,**  by  William 
MArrnEWs. 
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Brief    History  of  Open  Firbs — Improvements    Made    in  the    Past — ^The    Modern 
Ventilating  Grate — ^Prince  Helios*  Ideas  of  the  Fireplace  of  the  Future 


4  4  IT  CANNOT  be,  Mr.  Goldberg.    I  have 

i  consalted  several  heating  engineers  on 
the  matter  and  they  agree  that  it  can- 
not be  done  satisfactorily.  They  all  advise 
the  installation  of  a  separate  steam  or  hot- 
water  heating  plant  to  operate  in  conjunction 
with  the  open  fireplaces,  and  I  think  you — " 

''Think  nothing,"  shouted  Goldberg,  *'I 
tell  you  it  must  be  done.  There  is  no  such 
word  as  cannot,  and  it  will  be  done,  for  I 
won't  have  anything  modem  in  this  build- 
ing. You  know  we  have 
planned   everything  ex-  .  ^  , 

tremely  antique — ^followed 
the  lines  of  the  ancients  all 
the  way  through — and  with 
a  lot  of  study  we  have  re- 
duced the  entire  structure 
to  simplicity  and  first  prin- 
ciples; so  why  should  we 
now  spoil  the  whole  scheme 
with  a  complex  modem 
heating  system?  I  v^  have 
open  fireplaces,  sir,  and 
nothing  but  open  fireplaces, 
to  heat  this  building,  even 
though  each  fireplace  must 
be  especially  designed  for 
its  respective  room,  and  I 
want  first-class  results  in 
the  way  of  ventilation,  as 
well  as  heat  Therefore  I 
would  ask  you,  Mr.  Sector, 
to  give  it  more  considera- 
tion and  let  me  know  your 
plans  in  a  few  days." 

Theodolite  N.  Sector 
knew  his  client  meant  busi- 
ness, so  he  opened  not  his 
mouth  further  than  to  state 
that  he  would  report  in  a  few  days.    The 
two  men  parted.     Mr.  Abraham  Goldberg, 
millionaire  and  monopolist,  instantly  threw 
aside  the  fireplace  problem  and  strutted  ofi 
to  see  the  latest  market  quotations,  while 
Mr.  Sector  thoughtfully  wended  his  way  to 
his  office  to  worry  out  a  solution. 

Ordering  the  office  boy  to  hunt  up  all  cir- 
cular matter  pertaining  to  fireplaces,  he 
spread  out  the  floor  plans  of  the  building  on 
the  drafting  table,  run  his  fingers  nervously 


through  his  long  black  hair,  and  pondered 
seriously  until  darkness  overwhelmed  him. 
When  at  length  he  roused  himself  from 
hie  study  he  found  that  the  entire  office 
force  had  gone  and  left  him  alone.  Packing 
up  the  plans  and  circulars,  he  hurried  home 
to  get  his  supper  and  continue  the  study — 
a  suicidal  policy  for  mental  workers.  Poor 
fellow!  he  did  not  have  the  happy  faculty 
of  quitting  business  with  business  hours. 
There  was  no  jolly  table  talk  at  Sector's 


'The  chimney  thus  consisted  qf  the  entire  house,  and  Vie  people  lived 
in  the  chimney.'^ 

home  that  night.  The  victuals  went  down, 
one  after  the  other,  in  the  order  they  came 
on  the  table,  and  with  a  rapidity  that 
would  have  done  justice  to  a  New  York 
down-town  "quick  luncher."  A  late  sup- 
per eaten  in  that  style  is  an  elegant  founda- 
tion for  a  nightmare,  but  poor  Sector  did 
not  know  it,  for  he  thought  of  nothing  but 
those  open  fireplaces. 

While  the  family  were  still  enjoying  a  cup 
of  tea— just  taken  to  keep  him  company,  for 
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they  had  ahready  partaken  at  the  appointed 
time — he  scorried  off  to  hie  den  like  a  hunted 
ground  hog  and  pored  over  the  plans  and 
circulars  again.  He  read  Poker,  Tongs  <&  Co. '  s 
catalogue  through  from  cover  to  cover,  but 
found  no  encouragement  there,  except  a 
number  of  guarantees  that  he  feared  could 
not  be  fulfilled.  Then  he  seized  the  massive 
circular  of  Andiron  &  Mantel,  but  found  no 
relief  there  either,  for  it  contained  nothing 
but  a  lot  of  antiquated  designs  of  mantels 
and  open  grates  designed  without  any  con- 
sideration for  the  heating  of  the  rooms  or  the 
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"A  tkoughiful  man  in  Prance  built  a  log  chimney  on  top  qf  his  house. 

price  of  coal.  Throwing  away  these  works 
of  advertising  art  in  disgust,  he  grasped  the 
neatly  bound  catalogue  of  The  Modem 
Ventilating  Grate  Construction  Co.,  as  a 
drowning  man  clutches  at  a  straw,  and,  turn- 
ing his  feet  around  to  the  fire,  devoured  the 
contents  until  his  brain  began  to  reel  and  the 
lines  of  print  to  teeter;  the  ventilating  grates 
commenced  to  pile  themselves  on  top  of  one 
another,  and  everything  was  confusion. 
Grates,  mantels,  pokers,  tongs,  hearths, 
chimney  breasts,  flues,  registers,  draft  screens, 
and  smoke  jacks  flitted  and  danced  before 


him,  separately  and  in  combinations,  each 
boasting  its  own  peculiar  merits,  and  all 
emphasizing  their  substantial  guarantees, 
backed  by  references,  recommendations, 
dollars,  and  wind.  Then  Groldberg  loomed 
up  like  a  yacht  in  a  fog — smiling,  as  only 
Goldberg  can  when  he  is  about  to  get  what 
he  covets — and  with  him  came  a  friend, 
apparently  a  close  friend;  for  he  appeared 
to  take  a  deep  interest  in  the  millionaire. 
He  was  tall,  very  tall  and  angular;  his  nose 
was  not  like  Groldberg's — ^it  was  at  least 
80  per  cent,  longer;  his  cheek  bones  were 
high,  and  his  chin  pointed. 
It  was  a  strong  face,  one 
calculated  to  hypnotize 
many  people,  and  Goldberg 
evidently  was  influenced. 

"Ah,  Mr.  Sector,"  said 
Goldberg,  expanding  his 
smile,  "  I  have  been  think- 
ing about  your  difficulty 
since  we  parted,  and  I  con- 
cluded that  if  any  person 
can  help  you  out  it  is  my 
dear  friend  here.  Prince 
Helios,  Mr.  Sector,"  and 
he  bowed  like  a  floor  walker 
in  Wanamaker's,  while  the 
Prince  shook  hands  with 
the  architect.  ''He  has 
assisted  me  materially  in 
many  ways,  and,  if  you 
will  but  give  him  your  con- 
fidence, I  am  sure  he  can 
show  you  a  solution  to  your 
problem,"  and  Goldberg 
vanished  as  he  came. 

The   Prince  riveted  his 
sharp  piercing  eyes  on  Sec- 
tor, and  the  architect  felt 
as  helpless  as  a  rabbit  in 
the  presence  of  a  cobra— 
the  eyes  searched  his  inner 
man  and  the  Prince  knew 
him. 
''By  the  way,  Mr.  Sector,  it  is  meet  that 
we  should  have  a  personal  understanding 
and  agreement  before  proceeding  to  discuss 
business.    What   remuneration  would  you 
be  willing  to  give  for  a  true  solution   of 
your   problem?"   asked   the  Prince,  with 
an  entirely  changed  visage. 

"I  would  not  care  to  go  beyond  25  per 
cent,  of  my  fees,"  replied  Mr.  Sector,  talking 
in  the  way  of  the  world  again. 

"But,  my  dear  sir,  gold  and  silver  are  of 
no  use  to  me;  I  deal  in  nothing  but  mort- 
gages.   Suppose  you  give  me  a  mortgage  on 
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yoar  future  life — say  a  5-per-cent.  mortgage 
on  your  soul  ?  Read  that  slip  over  carefully, 
and,  if  aatiaiactory,  you  may  sign  it  with 
this  red  ink'/'  he  said,  as  he  handed  them  to 
Mr.  Sector.    The  architect  read: 


PRINCE  HELIOS'  MORTOAOE. 


For  services  rendered,  I . 


do  hereby  give  and  grant  unto  Prince 
Helios  a  per-cent,    mortgage 

on  my  soul  and  empower  him  to  use 
it  as  he  may  see  fity  biU  not  to  my      ' 
worldly  detriment. 

This  mortgage  is  redeemable  any 
time  before  death. 

Signed,  (Seal) 

;_  -  -         -       _-  J 

Had  it  not  been  that  Mr.  Sector  was  in  the 
presence  of  a  man  mentally  mightier  than 
he  there  would  have  been  a  disruption,  for 
he  boiled  with  fury,  as  architects  often  do 
about  smaller  things,  but  he  calmed  himself 
as  beet  he  could  and  simply  said  that  he 
would  rather  throw  up  the  whole  job  than 
consider  such  a  proposition. 

To  his  great  surprise,  the  Prince  shook  his 

hand  warmly,  and  congratulated  him  on  his 

inward  sincerity.    *  *  Stranger, '  *  said  he,  *  *  you 

are  the  first  business  man  I  have  met  in  the 

United  States  these  last  three  months,  who  of 

his  own  free  will  and 

accord,  refiised  to  sign 

this  document    You 

:         .      will    never    become 

^^  wealthy,  but  you  will 

live  and  die  happy.    I 

do  a  large  business  in 

your    country,"    he 

continued,  *'and  have 

a  terrible  name  there, 

but  it  cannot  be  said 

that  I  ever  forced,  or 

in  any  way  used  my 

A  bright  man  in  England    .    r,  .     .    j 

inL  nth  eenturymade  influence  to  mduceany 
ads  akmiing  hole,  which  human  being  to  sign 
authors caU the  origin 0/  my  mortgages.  I 
thecMmney.  never   advertise   my 

bosiness — ^my  clients  do  it  for  me." 
"Then  I  cannot  expect  you  to  help  me 

oat  in  my  problem?"  suggested  our  friend 

Sector. 


"No,  you  cannot;  my  policy  is  to  act 
honorably  and  fairly  by  my  clients  only. 
But  Goldberg  is  one  of  them;  I  have  a  mort- 
gage on  95  per  cent,  of  him  already,  and  1 
expect  he  will  dispose  of  the  remainder  when 
he  gets  his  bills  for  this  new  building  you 
are  designing.  Besides,  he  is  too  rich  ever 
to  think  of  redeeming  it.  Therefore,  he  is  a 
good  client,  and  I  will  do  him  the  service, 
using  you  as  an  instrument  to  accomplish 
the  end." 

**  I  understand  you  are  well  versed  in  fire- 
places?" queried  our  friend  with  an  impa- 
tient eye  to  business;  "suppose  you  quote 
your  experience  for  my  client's  good,  and, 
perchance,  my  edification." 

"Yes,"  replied  the  Prince,  "I  am  well 
versed,  for  I  have  had  entire  control  of  a 
very  large  fire  since  the  time  that  Adam — 
the  scoundrel ! — was  chased  out  of  the  gar- 
den of  Eden.    My  fire,"  he  continued,  "  is 


Elevation  Section 

Fireplace  in  Conitborough  Castle,  showing  fine  in  section. 
Built  in  the  Anglo-Saxon  jjcriod.  The  flrst  flue  to  pro- 
duce a  draft  on  the  fire. 

a  self-replenishing  fire.  In  olden  times  I 
had  to  hustle  for  fuel,  but  fuel  is  plentiful 
nowadays,  and  it  comes  in  of  its  own  accord. 
The  self-replenishing  period  began  with  the 
introduction  of  coinage,  and  the  fond  love  of 
mortals  for  coin;  but  that  does  not  interest 
you,  since  you  will  not  sign  the  mortgage 
sheet. 

"Many,  years  ago  when  your  forefathers 
first  built  houses,  they  built  the  fire  on  the 
ground  and  huddled  around  it  for  warmth. 
The  smoke  was  allowed  to  difiuse  with  the 
atmosphere  of  the  house,  but  most  of  it 
escaped  through  a  hole  in  the  apex  of  the 
roof.  The  chimney  thus  consisted  of  the 
entire  house,  and  the  people  lived  in  the 
chimney.     This   arrangement,    no    doubt. 
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77^  fireplace  in  Roslyn  OasUe,  qf  colossal  dimensions,  yet  extremely  simple  in 
design. 


appears  barbarous  nowadays,  but  so  would 
modem  fireplaces  have  appeared  barbarous 
to  the  ancients  had  they  but  seen  them.  But 
the  simple  fire  of  the  ancients  had  advantages 
that  yon  should  not  lose  eight  of  in  designing 
or  even  selecting  open  fireplaces  for  my  friend 
Gk>ldberg's  new  house.  For  instance,  the 
heat  of  the  fire  is  utUized  to  a  far  greater 
extent  than  is  accomplished  by  any  of  your 
up-to-date  nonsense.  All  the  radiated  heat 
is  employed  in  warming  the  inner  walls  of 
the  house  or  hut,  and  everything  in  it,  while 
the  ascending  smoke  and  products  of  com- 
bustion give  off  heat  to  the  air  by  convec- 
tion, and,  last  of  all,  the  floor  or  ground  is 
warmed  by  contact  with  the  glowing  fuel. 
From  an  efficiency  point  of  view,  the  ancients 
were  by  far  your  superiors,  for  they,  by  their 
methods,  utilized  from  75  to  90  per  cent,  of 
the  heat  from  their  fuel,  while  you  only 
utilize  somewhere  from  5  to  25  per  cent,  with 
your  most  gaudy  open  fires.  As  a  venti- 
lator, the  primeval  system  is  equal  to  or 
better  than  your  modern  systems,  for  impure 
air  cannot  remain  in  the  room  and  the  cold 
air  entering  is  not  drawn,  so  to  speak,  to  a 
central  spot  limited  by  the  height  and 
breadth  of  the  mantel.  The  drafts  being 
less  concentrated  are  consequently  less 
dangerous.  The  only  difficulty  the  ancients 
encountered  was  the  smoke  that  would 
occasionally  descend  below  the  breathing 
line  lind  make  their  eyes  water.  No  doubt 
they  could  have  improved  their  arrange- 
ment by  constructing  a  central  flue  with 
sticks,  smeared  on  the  inside  with  mud  or 
<;lay,  and  descending  from  the  opening  in 
the  roof  to  a  safe  distance  from  the   fire. 


But  they  did  not  seem  to 
think  of  a  chimney  for  many 
years  until  a  thoughtful  man 
in  France  built  a  log  chimney 
on  top  of  his  house.  It  took 
away  the  smoke,  and  heat, 
too.  The  years  rolled  on, 
and  people  became  wise.  A 
bright  man  in  England  in 
the  11th  century  removed 
his  fire  from  the  middle  of 
the  floor  and  placed  it  in  a 
recess  in  the  wall,  and  drove 
a  slanting  hole  through  the 
wall  to  let  out  the  smoke. 
Some  of  your  authors  call 
this  the  origin  of  the  chimney. 
But  the  wind  blew  in  that 
hole  as  often  as  the  smoke 
would  go  out  of  it,  and  mor- 
tals became  wise  and 
thoughtful  again.  It  is  believed  by  many 
that  the  first  man  to  construct  a  flue  was  the 
architect  that  designed  Oonisborough  Castle 
in  or  near  the  Anglo-Saxon  period.  This 
chimney  is  just  an  exaggeration  of  the  orig- 
inal oblique  hole  in  the  wall,  but  it  was 
carried  through  long  enough  to  constitute 
what  you  now  call  a  flue,  and  it  produced  a 
draft  on  the  fire,  which  was  more  than  any 
of  the  others  could  do.  The  Frenchman's 
chimney  of  logs  could  not  produce  a  draft  on 
the  fire,  for  it  did  not  run  down  below  the 
roof. 

"The  form  of  flue  in  Oonisborough  Castle 
naturally  led  to  the  ordinary  chimney  as  it 
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Savot't  fireplace  at  the  Louvre,  recorded  as  the  first 
attempt  to  save  the  hi  at  in  the  smoke. 
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is  now  constructed.  But  the  warlike  folks 
of  thoee  times  were  prone  to  have  lari^e 
chimneys,  and  it  is  recorded  that  as  late 
as  1712,  a  royal  edict,  proclaimed  in  France, 
fixed  the  sizes  of  chimney  flues  at  not  lees 
than  three  feet  wide,  and  deep  enough  to 
admit  a  chimney  sweep. 

''While  doing  business  in  some  of  the 
old  English  castles  I  have  occasionally  seen 
chimney  flues  eight  feet  wide  by  three  feet 
deep.  Of  course,  these  large  chimneys  caused 
powerful  currents  of  cold  air  to  flow  across 
the  floor,  and  screens  were  necessary  to 
break  the  draft.  Yes,  the  fireplaces  of  the 
ancients  were  laige.  I  remember  the  fire- 
place in  Boelyn  Castle  well,  for  I  sat  in  its 
ingle  many  a  time  when  the  old  earl  was 
alive.  It  was  of  colossal  dimensions,  although 
extremely  simple  in  design.  The  fuel  was 
trunks  of  trees  cut  to  lengths  of  six  or  eight 
feet  Seats  were  placed  all  around  the  hearth, 
and  sometimes  inside  the  chimney  breasts, 
and  the  screens  and  jambs  of  the  fireplace 
formed  a  cosy  enclosure — a  complete  ante- 
chamber, as  it  were — where  the  family 
would  sit  during  the  long  winter  evenings 
and  talk  over  the  famous  legends  of  their 
noble  ancestry. 

"About  the  year  1600,  a  certain  Louis 
Savot,  a  physician  in  Paris,  made  a  study 
of  the  open  fireplace,  and  his  is  the  first 
recorded  attempt  to  save  the  heat  in  the 
smoke.  He  built  a  fireplace  at  the  Louvre 
and  arranged  it  so  that  a  current  of  air 
would  pass  under  and  around  the  back  of 
the  fire,  where  it  would  take  up  heat  from 
partition  plates  and  be  dischaiged  into  the 
room  above  the  level  of  the  fireplace  open- 
ing. This  was  the  beginning  of  the  period 
of  warming  rooms'  by  convection  from  open 
fiireplaces  built  in  the  side  walls.    Since  then 


*'  Savot's  was  not  a  ventilating  grate,  for 
it  took  its  air  supply  from  above  the  floor 
and  circulated  it  in  the  room.  But  in  the 
year  1713,  one  Ganger  (I  forget  whether  he 


How  heat  U  radiated  into  the  room  from  Oauger's 
fireplace. 

many  patents  have  been  granted  for  the 
selftame  thing  and  the  patentees  do  not 
•eem  to  know  that  Mr.  Savot  was  ahead  of 
them  at  least  200  years. 


Rear  inew  of  the  "  Modem  "  ventilating  grate,  showing 
itnoke  flues  and  heating  surfaces. 

was  an  English  mister  or  a  French  mon- 
sieur) really  invented  the  ventilating  grate, 
at  least  so  it  is  recorded.  The  ideas  of  two 
other  men  were  combined  and  this  produced 
a  real  ventilating  grate,  which  is  fattier  to  all 
ventilating-grate  patents  of  today.  He  pro- 
duced an  open  fireplace  with  hollow  back, 
jambs,  hearth,  and  mantel,  and  furnished 
with  a  tube  connection  to  the  outer  atmos- 
phere, from  under  the  hearth,  and  a  grilled 
opening  into  the  room  at  the  mantel.  Para- 
bolic jambs  were  also  provided,  for  Ganger 
reasoned  with  the  great  geometricians  of  old 
that  'all  radii  that  set  out  from  the  focus  of  a 
parabola  and  fall  upon  its  sides  are  reflected 
back  parallel  to  its  axis.'  There  you  will  see 
that  in  Ganger's  fireplace  all  rays  impinging 
on  the  curved  jambs  are  radiated  forward 
into  the  room  in  imaginary  parallel  lines. 
And  the  plate  under  the  mantel  was  curved 
or  splayed,  which  had  the  effect  of  throwing 
the  heat  rays  on  the  floor  where  they  were 
most  required — all  of  which  was  a  great 
improvement  on  the  old  square-jamb  fire- 
place whose  rays  were  thrown  from  jamb  to 
jamb,  and  from  mantel  soffit  to  hearth. 

"But,  although  Gauger's  invention  pro- 
jected radiant  heat  into  the  room,  and 
although  some  of  the  heat  in  the  smoke 
and  gases  of  combustion  was  utilized  to  warm 
the  room,  it  nevertheless  was  a  heat  waster, 
for  most  of  the  heat  went  up  the  chimney 
with  the  smoke. 

"  The  years  rolled  along  and  many  changes 
were  made  in  open  fireplaces.  Some  were 
improvements  and  others  were  not.  The 
improvements  were  made  chiefly  along  the 
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line  of  efficiency  by  increasing  the  amount 
of  heating  surface  over  which  the  heated 
smoke  and  gases  had  to  pass.  If  you  look  over 
your  catalogues  you  will  notice  this  in  the 


The  '•  Modem  *'  ventHating  grate  ttet  up  in  place. 

'Modem'  ventilating  grate.  The  increased 
sur&ce  is  obtained  by  making  a  series  of 
small  flues,  which  break  up  the  main  current 
of  heated  gases  and  cause  them  to  part  with 
their  heat  more  rapidly;  also  by  providing 
pins  or  other  projections  at  the  back  of  the 
iron  plate.  These  form  '  extended '  surfaces 
against  which  the  air  may  impinge.  An 
excellent  example  is  shown  by  that  rear 
view  of  the  *  Modem'  ventilating  grate. 
The  smoke  from  the  Are  passes  up  through 
the  four  oblong  openings  shown  on  top. 
And  the  fresh  air  travels  up  over  the  heat- 
ing surfaces  in  the  direction  of  the  flns  and 
the  flues,  and  is  discharged  into  the  room 
through  a  grille  located  over  the  fireplace 
and  immediately  in  front  of  the  oblong 
flues.  You  can  see  this  to  better  advantage 
in  the  cut  that  illustrates  the  ventilating 
grate  set  up  in  place.  The  tile  hearth, 
the  fender,  the  grate,  the  mantel,  the 
chimney,  and  the  trimmer  arch  are  all 
shown  so  clearly  that  the  cut  really  explains 
itself.  Under  the  ash-pit  you  will  notice  a 
large  hole  in  the  chimney  with  a  damper 
over  it.  This  is  to  receive  ashes  and  thus 
prevent  dust  from  entering  the  room  when 
ashes  are  removed.  This  is  a  good  idea,  and 
quite  creditable  even  for  the  19th  century. 
Then,  again,  you  will  observe  that  a  hot-air 
pipe  is  continued  up  the  smoke  flue,  a 
damper  being  located  at  its  base  that  may  be 
operated  by  a  rod  extending  through  the 
grille  previously  mentioned.     This   hot-air 


pipe  may  be  run  up  to  the  room  above  and 
the  hot  air  allowed  to  discharge  there,  if  so 
desired,  or  it  may  terminate  at  the  ceiling  of 
the  room  in  which  the  grate  is  located,  if  it 
is  a  large  or  very  cold  room.  The  advan- 
tage of  running  the  pipe  in  the  flue  is  that  it 
will  absorb  heat  fr^m  the  smoke  in  the  flue 
that  would  otherwise  be  lost.  There  is  a 
damper,  not  shown  in  the  cut,  that  closes 
over  the  oblong  smoke  vents  to  regulate  the 
draft. 

''I  beheve  this  represents  the  most  effi- 
cient form  of  open-flre  arrangement  on  the 
market  today,  and  it  gives  first-class  results 


Prince  Helios'  idea  of  the  fireplace  of  the  future. 

in  the  average  building.  You  cannot  very 
well  heat  Goldberg's  largest  rooms  with 
these,  however,  and  if  he  persists  in  having 
nothing  but  open  fires,  you  had  better  have 
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seme  special  designs  made,  and  build  your 
chimneys  to  soit  the  improved  apparatus. 
The  improvements  you  make  must  be  in  the 
way  of  extracting  all  the  heat  possible  from 
the  smoke  and  chimney  gases.  You  can  do 
this  easily  by  continuing  small  smoke  flues 
up  the  chimney  to  a  point  a  few  feet  below 
the  ceiling.  This  will  make  an  elegant 
economizer.  Let  me  suggest  an  idea  based 
on  my  long  experience,  but  do  not  attempt 
to  patent  it  or  I  will  be  compelled  to  daim 
priority  through  one  of  my  subjects.  If 
properly  considered  by  architects  and  manu- 
&ctnrers,  it  will  become  the  fire  of  the  future. 
Build  a  grate  similar  to  the  'Modem' 
grate  and  set  it  in  the  same  way,  but  break 
up  the  flue  into  a  series  of  flues  2  inches 
in  diameter,  by  means  of  iron  pipes.  Secure 
the  ends  of  these  pipes  to  cast-iron  plates, 
one  at  the  top,  just  over  a  wall  raster,  near 
the  ceiling,  and  the  other  just  over  the 
fire  in  the  grate.  Provide  a  secret  access 
hole  at  the  base  of  the  main  chimney  flue 
and  near  the  ceiling.  Hinge  a  neatly  paneled 
board  over  the  mantel  for  access  to  the 
tubes,  making  this  air-tight,  just  like  an 
ioe-chest  door.  Arrange  your  fresh-air  duct 
to  supply  the  space  around  the  tubes  with 
cold  air;  arrange  an  ash-pit  chute  under  the 
grate  and  in  a  general  way  make  it  like  this 
(see  accompanying  figure).  But  you  must 
extend  the  brickwork  of  the  fireplace  full 
width  up  to  the  ceiling,  and  there  you  may 
throat  in  to  a  common  fine.  You  require  all 
that  space  for  a  proper  economizer,  such  as 
the  2-inch  tubes  would  surely  be.  Now 
design  an  arrangement  like  this,  send  the 
drawings  to  the  'Modem'  people,  and  let 
them  make  them.  Build  your  chimneys  to 
receive  them,  so  that  the  '  Modem '  people 
can  ship  the  apparatus  in  one  piece,  like  a 
return-tubular  boiler,  all  tested,  gas-tight. 


and  ready  to  set  up  in  place  like  a  square 
tubular  pillar  with  an  open  grate  for  a  base 
and  an  ornamental  register  for  its  capitaL 
Then  you  may  finish  over  the  face  of  the 
chimney  with  all  the  ornamentation  and 
deceptive  art  that  your  I9th  century 
architects  are  noted  for. 

"  I  would  recommend  the  use  of  a  special 
glass  screen  to  pull  up  and  down  in  front  of 
the  fire  for  the  purpose  of  making  or  break- 
ing the  draft,  and  thus  regulating  the  rate 
of  combustion  of  fuel  without  hiding  the 
flames  altogether.  With  this  arrangement, 
I  warrant,  you  will  be  able  to  roast  Goldbeig 
easily,  if  necessary,  even  when  the  mercury 
is  below  zero  out  doors. 

**But,  before  we  part,"  continued  the 
the  Prince,  ''  come  and  see  my  fire;  you  may 
gain  some  points  " ;  and  suddenly  Mr.  Sector 
was  standing  on  the  brink  of  a  terrible  preci- 
pice looking  down  on  a  flaining  goige  below. 
The  efficiency  of  that  fire  was  so  perfect 
that  the  heat  was  retained  below.  But  the 
fuel  was  human  beings.  Sector  recognized 
some  of  them  and  he  trembled  for  his  own 
safety.  The  ground  he  stood  on  was  slip- 
ping from  under  him.  He  could  not  run. 
Turning  suddenly  to  implore  help  from  the 
Prince,  he  saw  that  the  reflection  had  turned 
him  red  and  hideous,  and  the  legendary 
homs  became  visible.  He  was  fiilling— 
down,  down,  down — ^but  he  woke  before  he 
got  to  the  bottom,  and  found  it  was  all  a 
dream.  His  faithfol  wife,  who  all  the  time 
had  been  sitting  by  his  side,  thinking  that 
the  sleep  would  rest  his  weary  brain,  now 
stood  over  him  with  a  fitn,  alarmed  at  his 
terrible  awakening  and  in  total  ignorance  of 
the  noble  part  her  husband  had  taken  in  the 
battle  of  his  dreams.  But  Sector  got  valu- 
able ideas,  and  he  used  them  to  advantage  in 
Mr.  Goldberg's  new  house. 


HO^V  ^VE  DO  IT  TODAY 


'  In  olden  times  we  took  a  car 
Drawn  by  a  horse,  if  going  far. 

And  felt  that  we  were  blest; 
Now  the  conductor  takes  the  fiEure 
And  sticks  a  broomstick  in  the  air 

And  lightning  does  the  rest. 


"  In  other  dayn,  along  the  street, 
A  glimmering  lantern  led  the  feet 

When  on  a  midnight  stroll; 
But  now  we  catch,  when  night  is  nigh, 
A  piece  of  lightning  from  the  sky 
And  stick  it  on  a  pole. 


'  Time  was  when  one  must  hold  his  ear 
Close  to  a  whispering  voice  to  hear, 

Like  deaf  men — ^nigh  and  nigher; 
But  now  from  town  to  town  he  talks 
And  puts  his  nose  into  a  box 

And  whispers  through  a  wire." 
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MOTION   IN   GEAR-TRAINS 


G.  A.  Goodenough 

Velocity  Ratios  in  Epicyclic  Trains — Ck>N8TRUGTioNS  fob  Determining  Instantaneous 

Centers— The  Bevel-Gear  Train 


GEAR-TRAINS,  especially  epicyclic  gear- 
trains,  furnish  good  examples  of  the 
applicability  of  instantaneous  centers 
in  the  analysis  of  motion.  We  have  pointed 
out  in  a  preceding  article  that  the  instanta- 
neous-center method,  while  straightforward 
and  perfectly  general,  is  difficult  to  apply 
when  the  mechanism  has  a  large  number  of 
links,  simply  because  it  is  usually  necessary 
to  locate  a  large  number  of  these  centers. 
In  such  mechanisms,  therefore,  the  velocity 
polygon  furnishes  a  far  simpler  and  easier 
means  of  studying  their  motions.  On  the 
other  hand,  mechanisms  that  contain  gear- 
trains  or  cam-trains  have  their  instantaneous 
centers  accessible  and  easily  located;  and, 
though  in  simple  cases  the  motion  may  be 
analyzed  from  elementary  considerations,  it 
will  in  all  cases  prove  helpful  to  use  these 
centers,  if  only  as  a  check  on  the  results 
arrived  at  by  other  methods. 

As  a  simple  example  of  the  use  of  instanta- 
neous centers,  let  us  take  a  pair  of  circular 
spur  gears,  as  shown  in  Fig.  1.  If  two  axes 
are  stationary,  the  problem  of  finding  the 
relative  number  of  revolutions  of  the  two 
wheels  is  ridiculously  simple.  Any  one  at  all 
acquainted  with  the  operation  of  mechanisms 
will  at  once  say  that  the  numbers  of  revolu- 
tions are  invenely  proportional  to  the  radii, 
the  diameters,  or  the  number  of  teeth  of 
the  two  wheels;  thus,  if  the  diameter  of  the 
wheel  a  is  double  that  of  6,  then  b  will  make 
twice  as  many  revolutions  per  minute  as  a. 
For  the  sake  of  completeness,  however,  we 
give  the  formal  proof  of  this  law. 

Let  the  fixed  axes  be  indicated  by  ^and  J^, 
and  the  point  of  contact  of  the  two  wheels 
by  O;  and  let  W^  and  W^  denote,  respectively, 
the  angular  velocities  of  the  wheels  a  and  b. 
As  we  have  explained  in  a  previous  article, 
the  linear  velocity  of  any  point  in  a  -body  is 
the  product  of  the  angular  velocity  of  the 
body  and  the  distance  of  the  point  fix>m  the 
center  of  rotation.  Further,  the  number  of 
revolutions  made  in  a  given  time  is  propor- 
tional to,  or  rather  is  a  measure  of,  the  angu- 
lar velocity.  Thus,  if  the  wheel  b  makes 
double  the  number  of  revolutions  of  the 
wheel  a  in  the  same  time,  it  is  evident  that 
a  radius  on  b  sweeps  over  a  given  angle,  say 


360°,  in  on&>half  the  time  that  a  radius  on 
a  does;  or,  in  other  words,  the  radius  of  b 
sweeps  over  double  the  angle  of  the  radius 
of  a  in  the  same  time.  These  preliminary 
explanations  are  necessary  to  render  dear 
the  reasoning  that  follows. 

From  the  well-known  action  of  gear- 
wheels, the  points  of  the  two  pitch  circles 
that  are  in  contact  have  exactly  the  same 
linear  velocity;  in  fact,  any  point  on  the 
pitch  circle  of  b  must  have  the  same  linear 
velocity  as  a  point  on  the  pitch  circle  of  a. 
Let  us  denote  this  linear  velocity  by  F;  then, 
considering  (?  as  a  point  of  the  wheel  a, 

that  is,  linear  velocity  of  O  =  angular  ve- 
locity of  a  X  distance  of  O  from  center  E, 
Considering  O  a  point  on  the  wheel  6, 
V=W^XFG. 
Hence,  W^XEO=WiXFO; 

where  R  and  r  denote,  respectively,  the  radii 
of  the  wheels  a  and  6.  Expressed  in  words, 
the  angular  vdodiieB — and  Aerefore  the  revciu- 
Hons  per  minule — vary  inmtsely  as  the  rcuiii  of 
the  gean. 

Suppose,  now,  that  the  wheel  a  is  fixed 
and  the  arm  m,  carrying  the  wheel  6  with  it, 
rotates  about  the  fixed  center  E.  During 
this  motion  the  wheel  b  revolves  on  its  axis  F^ 
and  the  question  to  be  investigated  is  the  rela- 
tive motion  of  the  wheel  b  and  the  arm  m ;  that 


Fio.  1 


is,  we  wish  to  find  the  number  of  revolu- 
tions of  6  to  one  revolution  of  the  arm  m. 
The  solution  to  this  problem  is  very  similar 
to  the  solution  given  above,  and  is  in  every 
respect  as  simple  and  easy;  yet  we  venture 
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to  asBert  that  most  of  the  readers  of  this 
article,  onleeB  they  have  previously  been 
brought  &ce  to  face  with  the  problem, 
will  And  themselves  somewhat  puzzled  to 
arrive  at  the  correct  solution.  Let  us  attack 
the  problem  by  finding  the  instantaneous 
centers. 

The  center  of  the  motion  of  m  relative  to  a 
ia  the  axis  E;  this  we  denote  by  (a  m).  The 
center  of  the  motion  of  b  relative  to  m  is 
evidently  the  axis  F,  These  centers  are,  of 
coarse,  permanent.  Since  the  pitch  circle 
of  b  roUs  on  that  of  a,  the  point  of  contact 
of  a  and  6,  the  point  (a  6),  or  G,  must  be  the 
instantaneous  center  of  this  motion.  As  a 
is  at  rest,  the  point  of  6  in  contact  with  a 
must  be  the  one  point  of  the  wheel  b  that  is 
at  rest;  that  is,  the  point  about  which  b  is  for 
the  instant  rotating.  The  point  JP,  or  ( 6  m ) , 
is  common  to  b  and  m.  If  we  denote  by  V 
the  velocity  of  F,  and  by  Tl^  the  angular 
velocity  of  m,  then  considering  F  a  point  of 
TOj  we  have 

V=  W^XEF. 
But,  since  for  the  instant  the  wheel  b  is 
rotating  about  G  as  a  center,  if  we  consider 
jPa  point  of  b,  its  velocity  is  given  by  the 
ezpresrion 

V=W^XFO. 

Hence,  W^  X  EF=  W^  X  FO; 


or. 


W^  _EF 


HL 


FO 


=  ^-+-  =  -  +  1.     (2) 

r  r  ^  ^ 


This  result  is  very  instructive.    Referring 

to  Fig.  1,  it  is  seen  that  the  rotation  of  the 

wheel  6  has  the  same  sense  as  that  of  the 

arm  m;  that  is,  if  m  moves  in  the  same  sense 

as  the  hands  of  a  clock  (clockwise),  a  radius 

of  b  wUl  also  move  in  a  clockwise  sense. 

Suppose  that  b  is  disengaged  from  a  so  that 

it  has  no  motion  relative  to  m;  then,  if  m 

makes  one  revolution  about  ^  as  a  center, 

carrying  b  with  it,  b  must  at  the  same  time 

make  one  revolution.    If  6  is  engaged  with  a, 
j^ 

it  will  make  —  revolutions  to  one  revolution 

r 

of  a,  as  shown  by  formula  (1).     Hence, 
when  b.  is  carried  by  m  and  is  at  the  same 

time  engaged  with  a,  it  makes hi  revo- 


lutions  for   each   revolution  of  m,  the 


R 


revolutions  being  due  to  the  contact  between 
a  and  6,  and  the  one  revolution  to  the  one 
revolution  of  the  arm  m.  The  two  are  added, 
since,  as  we  have  seen,  they  have  the  same 


Suppose,  now,  that  we  have  the  case 
shown  in  Fig.  2,  in  which  the  wheel  a  is 


But, 
hence, 


=  .?-.; 


(3) 


Fig.  2 


annular,  the  point  of  contact  <x  being  on  the 
inside.    As  before, 

Wi  __  liF 
W^  ~  FG' 
EF=  EG  —  FG  =  R  —  r; 
TTj  _  R  —  r 

that  is,  if  m  makes  one  revolution,  b  will 

R 
make  in  the  meantime 1  revolutions. 

r 

Whether  W^  and  W^  have  the  same  sense 
or  opposite 
senses  is  easily 
determined  as 
follows:  In 
both   Figs.  1 

and  2,  the/  ^W^Y  r6?»>^ 

point  ^is  com- 
mon to  b  and 
m;  as  a  point' 
of  by  ^  is  rota- 
ting about  G, 
and  as  a  point 
of  m,  it  is  ro- 
tating about  E,  Now,  in  Fig.  1,  the  two 
centers  of  rotation  G  and  E  are  on  the  aame 
side  of  the  common  point  F,  and  it  is  evident 
that  in  consequence  the  bodies  m  and  b  must 
rotate  in  the  same  sense;  this  we  have  already 
pointed  out.  In  Fig.  2,  on  the  other  hand, 
E  and  G  are  on  oppotUe  sides  of  F,  conse- 
quently, the  sense  of  the  rotation  of  6  is 
opposite  to  that  of  m;  that  is,  if  the  rotation 
of  m  is  clockwise,  that  of  b  is  counter-clock- 
wise, and  vice  versa. 

In  Fig.  3  is  shown  the  case  of  a  fixed  gear 
a  and  an  arm  m  carrying  the  wheel  b  and  an 
idle  wheel  c.  The  instantaneous  centers  (am), 
(ac),  (cm),  (6c),  and  (6m)  are  readily  located 
as  shown  in  the  figure.  As  we  are  investiga- 
ting the  motion  of  the  wheel  6,  we  require  the 
sixth  center  (a  6) .  In  this  case  the  ordinary 
method  of  finding  the  center  by  the  inter- 
section of  two  lines  fluls,  because  the  five 
known  centers  all  lie  in  one  line.  We  may, 
however,  overcome  this  difficulty  as  follows: 
It  is  evident  that  the  motion  of  b  depends 
merely  on  the  relative  diameters  of  a,  6,  and 
c,  or  upon  the  relative  numbers  of  teeth  in 
a,  6,  and  c  (we  shall  see  presently  that  the 
size  of  c  hiu  no  influence  on  the  relative 
motion  of  a  and  b)\  hence,  we  may  place  b 
in  some  other  position,  say  y  on  the  circum- 
ference of  c.  The  point  of  tangency  of  y  and 
c  is  the  instantaneous  center  (6^c),  and  a 
line  through  this  center  and  the  center  (a  c) 
must  contain  the  desired  instantaneous  center 
(a  6^).  The  point  -P,  at  which  6^  is  pivoted 
to  the  arm  m,  is,  of  course,  the  center  (&^m); 


Digitized  by 


v^oogie 


MOTION  IN  GEAR-TRAINS 


henoe,  a  line  through  this  point  and  the 
center  (am)  must  also  contain  {al/).    The 
intersection  Q^  of  these  two  lines  is  the  cen- 
ter (afc^). 
We  can  now  find   the  relative  angular 
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velocities  of  the  arm  m  and  the  wheel  I/. 
The  point  {l/m)  has  the  same  velocity 
whether  considerod  as  a  point  of  6^  or  as 
a  point  of  m;  let  us  call  this  velocity  F. 
Now  the  arm  m  is  rotating  about  the  point 
(am)  with  an  angular  velocity  W^;  hence, 
V  =W^XBir.  At  the  instant  under 
consideration,  the  wheel  1/  is  rotating  about 
the  instantaneous  center  {al/)  with  an 
angular  velocity  W^]  hence,  F=  IFjXi^G'^ 
Placing  the  right-hand  members  equal,  we 
have, 

W^_EF' 

Let  us  join  F^  and  ^and  through  G^  draw 
a  line  parallel  to  JF^F,  cutting  EF  produced 
in  O;  then,  from  the  similar  triangles  EFF^ 
and  EOCy,  we  have  the  proportion: 
EF^        EF 


But 


,  and 


F^Cy       FO' 
EF'  _    FFj  EF  _  Wj, 

PO'  -  Wj  ^^^  FG  "~  WJ 
it  follows  from  this  that  G  must  be  the  in- 
stantaneous center  {ah)  that  was  sought 
originally. 

Denoting  by  R  and  r  the  radii  of  the 
wheels  a  and  6,  it  can  readily  be  shown  that 
the  following  proportions  hold  good: 
R  _  EG^  _  EG 
r  "~  JF^G^  "~  FG' 
The  proof  is  as  follows:   Join  J^  to  the 
point  K  in  which  the  line  {ac)G^  cuts  the 
drde   }/\    then,    since   F^K  and   -P  {¥c) 
are  radii  of  6^,  they  are  equal,  the  triangle 
F'{}/c)K    is    isosceles,    and    the    angle 
rK{}/c)  is  equal  to  the  angle  F'iJ/c)  K, 
Similarly,    the    triangle    {l/c)(cm){ac)    is 
isosceles  and  its  acute  angles  are  equal,  and. 


moreover,  they  are  equal  to  the  acute  angles 
of  the  triangle  F'{l/c)K,    Since,  now,  the 
acute  angle  at  {ac)  is  equal  to  the  acute 
angle  at  K,  F'K  is  parallel  to  EF,  and,  in 
consequence,  the   triangles    G^{ac)E  and 
G^KF'  are  similar;  hence 
the  proportion, 
EG^  _  E(ac)  __  R 
F'G'  ~    rK    ~"   r' 
Having  proved  that  this 
proportion  exists,  we  may 
derive  from  it  an  easy  con- 
struction  for   finding  the 
center  (a  6).    Let  a  line  PQ 
be  drawn  tangent  to  the 
drdes  a  and  6.  If  P  and  Q 
are  the  points  of  tangency, 
the  radii  EP  and  FQ  are 
parallel.  Let  (?  be  the  inter- 
section of  the  tangent  with 
the  line  of  centers  EO\  then,  since  the  tri- 
angles GEP  and  (?  PQ  are  similar,  we  have 
EG  _EP  _  R 
FG  ~  FQ"  r' 
From  this  it  follows  that  the  intersection 
b  of  the  tangent  with  the  line  of  centers 
is   the  desired  instantaneous  center  (a  6). 
Since, 
EG _EF'\-FG _EF     FG _  W^ 


FG 
and  since 

we  have 


FG       ^  FG 
EG  ^  R 

FG         r' 

W,_  R 


w 


From  formula  (4)  we  deduce  at  once  two 
important  fitcts: 

1.  The  ratio  of  the  angular  velodties  of 
the  wheel  b  to  that  of  the  arm  m  depends 


iiiffj 


Pio.4 

only  on  the  ratio  of  the  radii  of  a  and  6,  and 
not  at  all  on  the  radius  of  the  wheel  c;  for 
this  reason  c  is  called  an  idle  wheel. 
2.    Since   formula  (4)  is  identical   with 
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formula  (3),  the  motion  of  b  relative  to  a 
and  m  is  precisely  the  same  as  in  the  annular 

arrangement,  Fig.  2,  provided  the  ratio 

is  the  same  in  the  two  cases.  Thus,  we 
can  replace  the  arrangement  in  Fig.  3  by  an 
annular  gear  with  center  at  E  and  pitch 
circle  x  passing  through  (a 6),  or  Q,  and  a 
spur  gear  with  center  at  i^and  a  pitdi  circle 
y  also  passing  through  (a  6) .  Since  the  three 
centers  (am),  (&m),  and  (a  6)  are  the  same 
in  the  second  arrangement  as  in  the  first, 
the  relative  motions  of  the  three  links,  a,  6, 
and  m  are  precisely  the  same  in  the  two 
cases.    • 

In  Fig.  3,  as  in  Fig.  2,  the  centers  {am) 
and  {ah)  are  on  opposite  sides  of  the  center 
(6m);  hence,  the  rotation  of  6  has  a  sense 
opposite  to  that  of  the  rotation  of  a. 

The  gear-train  shown  in  Fig.  4  differs  from 
that  shown  in  Fig.  3  in  having  an  inter- 
mediate wheel  with  two  pitch  circles  of 
different  radii,  one  in  contact  with  a  and 
the  other  with  6.  In  this  case,  the  ratio  of 
the  two  radii  of  c  exerts  an  influence  on  the 
motion  of  6,  and  the  instantaneous  center 
{ah)  of  the  motion  of  h  relative  to  a  is  not^ 
as  in  Fig.  3,  on  the  common  tangent  to  a  and 
b.  All  the  instantaneous  centers  being  in 
the  same  line,  we  may,  as  in  Fig.  3,  place 
the  wheel  6  in  a  different  position  on  the 
drcumferenoe  of  c  and  repeat  the  construc- 
tion of  Fig.  3  to  find  the  center  {ah),  A 
more  elegant  method,  however,  is  that 
shown  in  Fig.  4.  Through  the  center  {cm) 
any  line  is  dirawn  and  on  it  any  two  points 
P  and  Q  are  chosen.  P  is  joitfed  to  {am) 
and  (6m)  and  Q  is  joined  to  {ac)  and  (6c), 
the  latter  lines  being  prolonged  to  meet  those 
through  P  in  i^  and  S,  respectively.  Then 
a  line  through  R  and  S  cuts  the  line  of  centers 
in  the  desired  point  {ah). 

The  proof  of  the  construction  given  is  too 
long  for  insertion  here  but  may  be  found  in 
standard  works  on  kinematics.  The  con- 
struction of  Fig.  3  is  in  reality  a  special  case 
of  this  more  general  construction.  The 
center  {ah)  being  known,  the  relative  motions 
of  the  links  a,  6,  and  m  are  readily  found  from 
the  relative  positions  of  the  centers  {am), 
(6m),  and  (a  6). 

So  fiur  we  have  considered  gear-trains  with 
motion  in  one  plane  only.  As  a  closing 
example  we  shall  consider  a  case  in  which 
the  motions  are  not  in  one  plane  and  in 
which,  as  a  consequence,  instantaneous  axes 
instead  of  instantaneous  centers  must  be 
used.  In  the  bevel-gear  train  shown  in 
Fig.  5,  the  wheel  a  is  fixed  or  stationary. 


while  the  wheel  6  rotates  about  its  axis  0  Y, 
Between  the  two  is  a  third  bevel  wheel  c 
that  may  turn  on  it  axis  0  Z,  while  this  axis 
itself  rotates  about  the  point  0,  as  shown  in 
the  lower  view.  The  wheels  a  and  6  have 
the  same  pitch  diameter;  the  diameter  of  c 
is  of  no  consequence.  The  problem  is  to 
determine  the  relative  motion  of  the  wheel 
6  and  the  axis  0Z\  that  is,  to  determine 
the  ratio  of  the  revolutions  made  by  6  to 
the  number  made  by  OZ  in  the  same 
time. 

The  pitch  cone  of  c  is  rolling  on  that  of  a, 
the  line  of  contact  of  the  two  cones  being 
0  X.  This  line  is  the  instantaneous  axis  of 
the  motion  of  c  relative  to  a,  or  it  is  the  axis 
about  which  the  body  c  is  for  the  instant 
rotating.  Hence,  the  linear  velocities  of 
different  points  of  c  are  proportional  to  their 
respective  dis- 
tances from  this 
axiis  OX,  Sup- 
pose QR  to  be 
the  diameter  of 
the  mean  pitch 
circle  of  the 
wheel  c,  and  P  to 
be  the  center  of 
that  circle.  Then 

QR  =  2PR 
and 

QO  =  2PS, 
QO  and  P/$  being, 
respectively,  the 
perpendicular 
distances  of  Q  and 
P  from  OX, 
Since  Q  is  twice 
as  &r  frt>m  OX 
as  is  P,  the  linear 
velocity  of  Q  is 
double  that  ofP; 
denoting  these 
velocities  by  V^ 
and  Vj,f  respect- 
ively, Vg  =  2Vp,  But  the  linear  velocity 
of  Q  is  the  same  as  that  of  the  point  on  the 
wheel  6  with  which  it  is  in  contact.  In 
other  words,  Q  may  be  considered  as  a  point 
of  c  or  as  a  point  of  6,  and  has  the  same 
velocity  in  either  case.  The  perpendicular 
distance  of  Q  from  the  axis  OYia  QT]  hence, 
if  we  denote  by  Wj,  the  angular  velocity  of  6 
about  its  axis  OY,  we  have 

V,=  W,XQT, 

Now,  P  is  a  point  in  the  axis  OZ,  and,  as 
such,  is  describing  a  circle  of  radius  OP 
about  the  center  0,  If,  then,  we  denote  by 
Wp  the  angular  velocity  of  P,  or  what  is  the 
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same  thing,  the  angular  velocity 
OZ,  we  have 

of  the  azifl 

y,= 

--w,y.op. 

But,  since 

0P= 

=  Q  7;  we  have 

by  division 

\ 

In  words,  the  wheel  h  makes  two  revolu- 
tions about  its  axis  0  F  while  the  axis  OZ 
turns  once  around  the  point  0.  This  result 
is  independent  of  the  diameter  of  c.  It  may 
be  pointed  out  that  with  this  train  the  angu- 


lar motion  of  the  axis  of  c  is  always  a  mean 
of  the  angular  motions  of  a  and  &.  Thus  we 
may  have  any  of  the  following  combinations: 


Rev.  of 


Rev.  of 
OZ 


0 
n  +  m 

I 
n  — TO 


Rev.  of 
b 


2n 
+  n 
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Jamea  E.  Boyd 

Use  of  Controlling   Maonet — Astatic  Galvanombtbb  With  Oontbollino    Maonbt. 
Four-Coil  REFUDcnNG  Galvanombteb— Setting  Up  Galvanometers 


IN  ADDITION  to  the  astatic  needle  there 
is  another   device  for   increasing  the 
sensitiveneflB  of  a  galvanometer  needle. 
This  is  by  using  a  permanent  magnet  to 
weaken  the  earth's  field. 

If  NS^  Fig.  2,  is  a  bar  magnet,  its  lines  of 
force  run  out  at  N  and  return  at  S,    At  c, 


and  that  of  the  magnet  at  c  is  .19  dyne,  we 
have  as  a  result  .01  dyne,  so  that  a  galva- 
nometer with  its  needle  at  c  will  have  its 
sensitiveneflB  made  twenty  times  as  great  by 
bringing  the  bar  magnet  to  this  ixwition. 
If  the  needle  is  raised  to  </,  it  is  brought 
into  a  position  where  the  field  of  the  magnet 
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directly  below  the  middle  of  the  magnet, 
they  run  parallel  to  it.  Suppose  that  this 
magnet  is  placed  horizontal,  with  its  N  pole 
pointing  toward  the  north.  At  c  its  lines 
run  from  north  to  south,  opposite  those  of 
the  earth.    If  the  earth's  field  is  .2  dyne, 


is  greater  than  that  of  the  earth,  and  will 
turn  around  with  its  N  pole  pointing  toward 
the  south. 

This  bar  magnet  may  be  straight,  as  C, 
Fig.  1.  It  is  usually  placed  on  a  vertical 
rod,  such  as  E^  Fig.  1,  and  r.  Fig.  4.    It  may 
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be  poshed  ap  and  down  along  thia  rod  so  as 
to  vary  the  force  at  the  galvanometer  needle 
and  be  tamed  about  the  rod  as  an  axis  so  as 
to  change  the  direction  in  which  the  needle 
points.  As  it  is  nsed  to  change 
the  direction  of  the  resultant 
force,  it  is  called  a  directing  mcuf- 
neL  Home-madeinstruments  may 
often  be  made  more  sensitive  by 
placing  a  bar  magnet  near  them. 
Set  the  galvanometer  needle  in 
vibration  and  notice  the  time 
required  for  it  to  swing  back  and 
forth.  Now  bring  up  your  bar 
magnet  and  again  take  the  time 
of  vibration.  If  the  needle  swings 
slower,  the  sensitiveness  has  been 
improved  by  the  magnet;  if  the 
time  of  vibration  is  doubled,  the 
instrument  is  four  times  as  sensi- 
tive. 

The  most  sensitive  galvanom- 
eters are  astatic  and  have  direct- 
ing magnets.  In  Fig.  3  we  have 
such  an  instrument,  with  the  case 
and  directing  magnet  removed. 
There  are  four  coils,  one  of  which, 
a,  has  been  opened  out  to  show 
the  upper  set  of  magnets  m.  One 
set  of  magnets  hangs  in  the  hol- 
low between  the  coils  a  and  6; 
while  the  other  set  is  between  c 
and  a  fourth  coil  back  of  it. 
These  magnets  and  the  mirror  are  supported 
on  a  light  aluminum  rod  r,  hung  by  a  quartz 
or  sUk  fiber  to  g.  Instead  of  a  needle  system 
made  of  a  single  pair  of  magnets,  there  are 
two  sets  of  four  each.  These  are  very  light 
and  are  stronger  than  a  single  magnet  of  the 
same  length  and  weight.  The  upper  four 
mi^nets  have  their  poles  in  one  direction, 
and  the  lower  four  in  the  opposite  direction. 
The  coils  are  so  connected  that  the  current 


binding  posts  on  this  instrument,  arranged 
so  that  the  coils  may  be  used  in  series  or  in 
parallel.  This  galvanometer  has  no  pointer, 
but  makes  use  of  a  beam  of  light  reflected  from 
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flows  in  opposite  directions  in  the  upper  and 
lower  pair?.  A  light  mica  vane  v  is  attached 
to  the  mirror.  This,  in  swinging  through 
the  air,  dampens  the  vibrations  and  quickly 
brings  the  needle  to  rest.    There  are  four 


Fig.  3 

the  mirror  n.  As  we  know,  when  a  mirror 
is  rotated  through  a  given  angle,  the  reflec- 
tion will  move  through  twice  that  angle;  so 
that  with  a  beam  of  light,  we  not  only  have 
a  pointer  of  no  weight  but  one  that  multi- 
plies our  deflections  by  two.  The  method  of 
using  a  mirror  is  shown  in  Fig.  4.  A  beam 
of  light  from  a  source  to  the  right  is  reflected 
by  a  mirror,  the  back  of  which  is  shown  at 
o,  through  the  opening  a  to  the  galvanom- 
eter mirror  c;  from  the  galvanometer  it  is 
reflected  back  to  e.  The  point  <;  is  on  a 
translucent  scale  made  of  oiled  paper  or 
ground  glass;  the  light  at  e  strikes  on 
the  side  opposite  the  observer  and  shows 
through.  A  piece  of  white  paper  might  be 
used,  in  which  case  the  observer  must  stand 
on  the  side  toward  the  galvanometer.  In 
this  case,  the  galvanometer  mirror  is  con- 
cave, and  it  is  placed  at  such  a  distance  from 
the  scale  as  to  give  a  real  image  of  a  upon  it. 
The  least  motion  of  the  mirror  is  shown 
by  a  movement  of  the  light  upon  the  scale. 
Unless  the  light  thrown  on  the  mirror  is 
quite  strong,  the  instrument  must  be  used  in 
a  partially  darkened  room. 
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Another  method  of  usiDg  a  mirror  galva- 
nometer is  shown  in  Fig.  1.  Here  we  have  a 
paper  scale  S  attached  to  a  stand  that  also 
carries  a  small  telescope  T. .  The  telescope  is 
pointed  toward  the  galvanometer  mirror 
and  focased  so  that  the  reflection  of  the 
scale  may  be  seen.  When  the  galvanometer 
mirror  moves,  the  scale  seems  to  travel 
across  the  field  oi  the  telescope,  and  the 
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exact  amount  of  this  motion  may  be  accu- 
rately determined.  Very  good  work  may  be 
done  without  the  telescope.  A  pin  or  wire 
may  be  set  up  above  the  scale,  to  be  used  as 
a  point  of  reference,  and  the  observer  may 
look  past  that  to  the  reflection  of  the  scale. 
In  using  a  Wheatstone  or  slide- wire  bridge, 
we  only  wish  to  know  whether  the  gal- 
vanometer is  deflected,  and   do   not   care 


how  great  the  deflection  is  (except  for  very 
dose  work).  In  this  case,  a  mirror  galva- 
nometer may  be  used  without  any  telescope 
and  scale.  Place  a  pin  or  a  lamp  or  any 
other  bright  object  in  such  a  position  that  its 
reflection  may  be  seen  in  the  galvanometer 
mirror.  Then,  on  closing  the  key  of  your 
bridge,  it  will  be  easy  to  see  whether  this 
reflection  moves,  and  in  what  direction. 

In  setting  up  a  mirror  galva- 
nometer, the  base  must  first  be 
set  approximately  level.  The 
instrument  shown  in  Fig.  3  has 
a  level  attached,  but  most 
instruments  have  not  Then, 
if  it  is  not  already  in  position, 
the  needles  must  be  raised  to 
the  proper  height  This  is  done, 
as  in  Fig.  3,  by  pulling  up  on 
the  pin  g.  There  is  a  thin  strip 
of  brass  in  front  of  this  pin, 
which  is  adjusted  by  means  of 
a  screw,  so  as  to  vary  the  pres- 
sure on  the  pin,  and  conse- 
quently change  the  force  re- 
quired to  move  it  In  Fig.  4, 
this  pin  may  be  reached  by 
removing  the  long  thumbscrews 
h  and  /  and  lifting  ofi*  the  piece 
g  that  supports  the  directing 
magnet.  By  looking  through  at 
the  galvanometer  needle  you 
can  readily  see  when  it  is  at 
the  center  of  its  opening.  If  it 
hangs  at  one  side  of  the  opening, 
the  instrument  must  be  leveled 
to  bring  it  to  the  center.  If  it 
does  not  swing  free,  it  is  prob- 
ably touching  at  the  front  or 
back,  and  a  slight  change  of  the 
back  leveling  screw  should  set 
it  free. 

When  the  needle  is  set  in  vi- 
bration it  should  swing  evenly, 
and  each  time  come  to  rest  at 
the  same  point  Frequently 
there  is  a  short  piece  of  fiber 
where  the  needle  is  supported, 
and  this  rubs  against  the  walls 
of  the  instrument;  or,  any- 
where along  its  length  there  may  be  a 
small  piece  of  fiber  that  touches  against 
the  coil.  The  needle  may  vibrate,  but  its 
zero  point  is  apt  to  change  erratically. 
Great  care  must  be  taken  with  such  giU- 
vanometers  so  as  not  to  bend  the  aluminum 
rod  that  supports  the  needles,  since  it  is 
impossible  to  acljust  the  instrument  unless 
this  hangs  vertically. 
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JET  PROPULSION 

John  A.  Grening 


DiFFSRBNT    MSANB    OF    PrOPUI^ION — CaUSBB    OF    FAILURE    OF    DiFFKBBNT   SYSTEMS   OF   JeT 

PsopuiisiON — ^The  Most  Eoonomigal  Pbopblling  Instrument 


THE  daily  press  contains  frequent  accoonts 
of  recently  invented  vessels  that,  by 
utilizing  some  method  of  propulsion 
different  from  that  usually  applied,  will 
attain  abnormal  speeds  at  a  very  small 
expenditure  of  power.  Needless  to  say,  very 
few  of  these  vessels  get  beyond  the  **  news- 
paper-account"  stage;  but,  once  in  a  while, 
the  inventor  actually  succeeds  in  interesting 
capitalists,  with  more  money  than  brains,  in 
his  revolutionizing  invention,  and  a  boat,  or 
even  a  larger  vessel,  is  actually  built.  Atrial, 
however,  almost  invariably  proves  that  the 
new  method  that  was  to  revolutionize  ocean 
travel  is,  to  say  the  least,  a  howling  fidlure. 
It  need  scarcely  be  stated  that  none  of  these 
inventions  is  made  by  naval  architects  or 
naval  engineers;  they  usually  emanate  from 
the  brain  of  some  member  of  the  other 
learned  professions,  who,  by  virtue  of  a 
somewhat  protracted  education  in  dead  lan- 
guages and  a  special  education  in  law  or 
medicine,  fondly  imagines  himself  better 
able  to  harness  the  forces  of  nature  than  the 
mechanical  engineer. 

Very  few  of  these  epoch-making,  revolu- 
tionizing, wonderftd,  and  grand  discoveries — 
terms  by  which  the  versatUe  Sonday  news- 
paper reporter  usuaUy  describes  the  latest 
scheme — would  go  beyond  the  conceptive 
stage  if  the  inventor  of  the  aforesaid  scheme 
were  able  to  distinguish  between  force,  work, 
energy,  and  power,  and  understood  the  ele- 
mentary principles  of  propulsion  of  vessels. 
Only  a  very  few  years  ago  a  doctor  of 
Brooklyn,  N.  Y.,  succeeded  in  demonstra- 
ting—to the  tune  of  a  sum  that  report  has 
placed  at  |300,00(>— that  his  ability  in  curing 
diseases  did  not  enable  him  to  design  a  more 
perfect  system  of  propulsion  than  is  in  com- 
mon use.  As  the  failure  of  the  large  vessel 
he  had  constructed  was  primarily  due  to 
misconception  and  misoonstraction  of  the 
moet  elementary  principles  of  mechanics, 
the  lesson  to  be  drawn  from  this  fiulure  is 
obvious.  More  recently,  a  disciple  of  Black- 
stone,  located  in  Toronto,  has,  by  the  stu- 
pendous fidlure  of  his  invention,  again 
emphasized  the  lesson  to  be  drawn  from  the 
fiiiluree  of  his,predece8Son.  The  frequency 
with  which  new  systems  of  propulsion  are 


reported  in  the  daily  press  indicates  that 
quite  a  large  number  of  persons  are  chasing 
a  wiU-o'-the-wisp,  owing  to  insufficient  ele- 
mentary knowledge.  Hence,  it  is  believed 
that  a  short  exposition  of  the  principles 
involved  in  propelling  a  vessel  will  prove  of 
interest 

Broadly  speaking,  a  vessel  may  be  pro- 
pelled by  intenial  or  external  means.  In  a 
vessel  propelled  by  external  means,  the  wind 
acting  against  sails  is  the  propelling  agent. 
This  method  of  propulsion  is  beyond  the 
scope  of  this  article,  which  will  deal  entirely 
with  self-propulsion;  that  is,  propulsion  by 
internal  means. 

There  are  two  methods  of  self-propulsion: 
by  the  reaction  of  a  stream  of  water,  caused 
by  suitable  means  to  flow  in  a  direction 
opposite  to  that  in  which  the  vessel  is  to 
move;  and  by  pulling  the  vessel  along  a 
chain  by  suitable  machinery.  This  latter 
method  is  occasionally  employed  for  short 
trips  by  ferry  boats  and  similar  craft.  An 
example  o^  this  method  of  propulsion  is  to 
be  found  in  the  Brooklyn  navy  yard  in  the 
ferry  boat  running  between  the  Cob  dock 
and  the  mainland.  The  other  method  of 
propulsion  is  the  one  in  common  use.  A 
stream  of  water  is  projected  from  the  vessel 
by  a  screw  propeller,  paddle  wheel  or 
wheels,  or  a  pump.  This  stream  of  water, 
by  its  reaction,  propels  the  vessel. 

Judging  by  the  numerous  newspaper  ac- 
counts, very  few  inventors  attempt  to 
improve  the  action  of  the  screw  propeller  or 
paddle  wheel.  To  deter  would-be  inventors, 
it  may  be  stated  that  the  efficiency  of  the 
screw  propeller  or  paddle  wheel  in  ohlinary 
work  is  as  high  as  85  per  cent.,  and  in  good 
work  considerably  higher.  It  is  thus  seen 
that  there  is  only  a  small  margin  left  for 
improvement,  and  that  doubling  the  effi- 
ciency, and  other  similar  claims  made  for 
fanciful  designs  of  propellers,  are  caused  by 
lack  of  knowledge.  From  this  it  must  not 
be  inferred,  however,  that  the  propeller,  as 
fitted,  is  always  perfection,  and  cannot  in 
any  case  be  replaced  by  one  giving  better 
results.  Furthermore,  the  term  efficiency  of 
the  propeller  must  not  be  confounded  with 
efficiency  of  the  propelling  apparatus.     The 
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latter  term  refers  to  the  combined  efficiency 
of  the  propeller  and  its  actuating  mechanism* 
The  great  majority  of  the  attempted  im- 
provements were  made  along  the  lines  of 
sabstituting  a  pump  for  the  wheel  or  screw 
propeller.  While  this  is  an  entirely  feasible 
method  of  propulsion,  it  is  in  its  application 
that  the  greatest  and  costliest  mistakes  have 


been  made  by  amateur  designers — ^mistakes 
due  solely  to  lack  of  elementary  knowledge. 
Two  of  the  fiiYorite  claims  of  inventors  of 
new  systems  of  jet  propulsion  are  as  follows: 

1.  That  a  stream  of  water,  issuing  from  a 
nozzle  under  water,  reacts  on  the  surround- 
ing water,  and  tends  to  drive  the  nozzle  in 
the  opposite  direction  in  the  same  way  that 
a  solid  rod  issuing  from  the  sa9ie  nozzle 
would  react  on  a  stone  wall. 

2.  That  projecting  a  small  stream  at  a 
high  velocity  is  exactly  the  same  thing  as 
projecting  a  large  stream  at  a  low  velocity, 
and,  consequently,  they  can  use  small,  fiist- 
running  machinery  of  light  weight,  besides 
getting  rid  of  what  is  claimed  to  be  compli- 
cated machinery  used  in  screw  and  paddle- 
wheel  propulsion. 

Both  of  these  claims  are  fallacious,  and 
any  system  of  jet  propulsion  based  on  either 
or  both  must  prove  a  disappointing  failure, 
fls  the  claims  are  not  in  accordance  with  the 
laws  of  nature.  Taking  up  the  first  daim,  it 
is  an  indisputable  &ct  that  it  is  entirely 
iamiaterial  whether  a  stream  of  water  is  pro- 
jected into  the  water  surrounding  it,  against 
a  solid  object,  or  into  the  air;  if  the  stream 
and  its  velocity  are  equal  in  all  cases,  the 
reactions  will  be  equal.  Failure  to  under- 
stand this  proposition  caused  the  costly  fail- 
ure of  the  vessel  designed  by  the  doctor 
previously  mentioned,  because  his  whole 
design  was  based  on  the  hypothesis  that  the 
reaction  of  the  projected  stream  would  be 
much  greater  under  water  than  it  was  in  air. 

In  order  to  disprove  this  statement,  Mr. 
Charles  J.  Everett,  in  the  beginning  of  1891, 


rigged  up  a  very  simple  apparatus  to  prove 
that  the  reaction  was  entirely  independent 
of  the  medium  into  which  the  jet  was  dis- 
charged. This  apparatus  was  described  in  a 
paper  read  before  the  American  Society  of 
Mechanical  Engineers,  by  Prof.  J.  Burkitt 
Webb,  of  Stevens  University.  The  appa- 
ratus is  shown  in  diagrammatic  form  in  Fig. 
1.  A  nozzle  a  was  &stened  to  one  end  of  a 
pendulum  6  4  feet  long,  and  connected  to  the 
discharge  end  of  a  steam  pump  by  a  ^inch 
rubber  hose.  The  pump  supplied  a  stream 
under  a  constant  pressure  of  100  pounds  per 
square  inch.  The  nozzle  was  connected  by 
a  cord  to  a  spring  balance,  shown  at  c,  which 
in  turn  was  fiustened  to  the  side  of  the  large 
tank  in  which  the  experiment  was  carried 
on.  The  rubber  hose  was  supported  by 
strings,  so  that  its  stifihess  did  not  appre- 
ciably affect  the  experiment  In  the  first 
experiment  made,  the  jet  was  discharged  into 
the  air,  as  shown  in  Fig.  1.  As  soon  as  the 
stream  was  flowing  at  its  full  velocity  the 
pendulum  was  brought  to  a  vertical  position 
by  moving  the  spring  balance,  thus  elimina- 
ting every  error  due  to  a  deflection  of  the 
pendulum.  The  spring  balance  now  indi- 
cated a  pull  or  reaction  of  4  pounds. 

In  the  next  experiment,  shown  in  Fig.  2, 
the  pendulum  was  lowered  so  that  the  stream 
of  water  was  dischaiged  about  4  inches 
below  the  flurfieu»  of  the  water  with  which 
the  tank  was  filled.  The  spring  balance  was 
also  lowered,  and  on  the  repetition  of  the 
experiment,  with  the  water  issuing  from  the 
nozzle  under  the  same  pressure  as  before, 
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and  the  pendulum  perpendicular,  the  re- 
action or  pull  was  found  to  be  4  pounds,  or 
exactly  the  same  as  when  the  stream  dis- 
charged directly  into  the  air. 

When  these  results  were  reported  to  the 
party  making  the  statement,  he  replied  that 
the  reason  the  reaction  in  air  was  the  same 
as  when  the  nozzle  was  under  water  was 
because  the  jet  struck  the  opposite  side  of 
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the  tank  and  bo  poshed  back  on  the  nozzle. 
Mr.  Everett  thereupon  suspended  the  pendu- 
lam  from  the  roof  of  the  house,  25  feet  above 
ground,  so  that  the  jet  issuing  from  the 
nozzle  would  break  into  spray  before  striking 
anything.  All  other  conditions  being  the 
same  as  in  the  previous  experiments,  the 
reaction  was  found  to  be  4  i>ounds,  as  before. 
By  this  simple  means  the  doctor's  hypoth- 
esis was  proved  to  be  entirely  wrong,  and 
the  truth  of  the  statement  that  the  reaction 
is  entirely  independent  of  the  medium  into 
which  the  stream  is  discharged  was  experi- 
mentally shown. 

Taking  up  the  second  claim,  its  fallacy  can 
readily  be  shown.  It  is  one  of  the  elemen- 
tary principles  of  propulsion  that,  other  things 
being  equal,  the  most  efficient  or  economioil 
propelling  instrument  is  that  which  will 
project  the  greatest  volume  of  water  at  the 
lowest  speed.  The  importance  of  clearly 
understanding  this  proposition,  which,  to 
the  best  of  the  author's  knowledge,  was  first 
formulated  by  Professor  Rankine,  cannot  be 
overestimated.  On  first  thought,  it  rather 
naturally  appears  to  require  the  same 
amount  of  work  to  project  10  tons  of  water 
at  10  feet  per  second  as  is  required  to  project 
100  tons  at  1  foot  per  second.  That  this  is  not 
the  case,  however,  I  shall  try  to  make  plain. 

Consider  that  kinetic  energy  is  the  amount 
of  work  a  moving  body  can  do  in  coming  to 
rest  From  this  it  follows  that,  to  impart  a 
given  velocity  to  a  body,  an  amount  of  work 
exactly  equal  to  its  kinetic  eneigy  must 
be  done  on  it  Hence,  if  we  calculate  its 
kinetic  energy,  we  also  calculate  the  amount 
of  work  required  to  produce  thegiven  velocity . 
The  kinetic  energy  of  a  moving  body  is  given 

by  the  fiimiliar  formula  -^    ,  where  W  = 

weight  of  body,  V  =  velocity  in  feet  per 
second,  and  g  =  32.16.  Applying  this  for- 
mula to  both  casee,  it  will  be  found  that  it 
requires  10  times  as  much  work  to  project 
the  smaller  quantity  of  water  at  the  higher 
velocity. 

It  may  be  urged  that  the  propulsive  effect 
is  also  10  times  as  great;  this  is  not  the  case, 
however.  The  thrust,  or  reaction,  is  equal 
to  the  momentum  of  the  stream  projected 
from  the  vessel,  and  as  the  momentum  of  a 
body  is  equal  to  the  product  of  its  mass  and 
velocity,  a  simple  calculation  «will  show  that 
the  propelling  force  due  to  projecting  10  tons 
of  water  at  a  velocity  of  10  feet  per  second 
wUl  be  n>  greater  than  that  obtained  by 
projecting  100  tons  at  1  foot  per  second; 
while  it  requires  10  times  the  amount  of  work 


for  the  smaller  stream   with   the   higher 
velocity. 

From  this  it  follows  that,  in  order  to  have 
maximum  efficiency,  the  stream  of  water 
projected  from  a  vessel  should  be  as  large  as 
possible,  and  its  velocity  as  small  as  possible. 
The  lowest  velocity  permissible  is,  of  course, 
equal  to  the  speed  of  the  vessel,  and  it  should 
be  the  aim  to  keep  the  velocity  of  the 
stream  projected  from  the  vessel  as  near  the 
velocity  of  the  vessel  as  feasible.  From  this 
we  see  that,  if  jet  propulsion  is  proposed  for 
a  vessel,  a  very  huge  pump  is  required  in 
order  to  project  a  large  body  of  water  at  a 
low  velocity.  Now,  the  efficiency  of  a  system 
of  propulsion  depends  to  a  very  laige  extent 
on  the  power  consumed,  and,  evidently,  that 
system  is  the  best  which  will  give  the  great- 
est propulsive  effect  with  the  smallest 
expenditure  of  power.  This,  however,  is 
not  the  commercial  efficiency,  which  is  the 
greatest  propulsive  effect  for  the  minimum 
amount  of  money. 

Let  us  take  two  parallel  cases.  In  one 
instance  we  have  a  vessel  projecting  a 
stream  by  means  of  a  screw  propeller  actu- 
ated by  a  triple-expansion  engine  developing 
a  horsepower  on  as  low  as  1.6  pounds  of  coal 
per  hour.  In  the  other  instance  take  a  jet- 
propelled  vessel  having  an  equal  speed  and 
built  exactly  equal  to  the  screw-propelled 
vessel.  Then,  as  the  mechanical  efficiency 
of  the  pump  will  be  a  great  deal  lower  than 
that  of  the  steam  engine,  a  greater  horse- 
power will  be  required  to  get  the  same 
thrust  as  in  the  screw-propelled  vessel. 
Now,  more  horsepower  means  more  coal, 
and,  as  more  coal  means  more  money 
expended,  it  will  always  be  found  that  the 
screw  propeller  or  paddle  wheel  will  be  the 
more  economical  system  of  propulsion.  Fur- 
thermore, the  pump  will  weigh  more  and 
take  up  more  room  than  the  engine  used  in 
the  other  case. 

When  the  low  mechanical  efficiency  of  the 
pump  was  mentioned,  as  compared  with 
that  of  the  screw-propeller  engine,  the  com- 
parison was  made  between  the  two  sets  of 
propelling  apparatus  in  their  entirety.  That 
is,  the  combined  efficiency  of  the  engine  and 
propeller  wheel,  in  the  case  of  a  screw-pro- 
peller engine,  is  compared  with  the  com- 
bined efficiency  of  the  pump,  its  inlet  pipes 
and  outlet  pipes,  and  the  &ct  that  water 
must  be  continually  taken  aboard  and  a 
velocity  imparted  to  it  equal  to  that  of  the 
vessel.  The  loss  in  efficiency  due  to  this 
latter  cause  may  become  quite  high,  and  is 
appreciable  under  the  best  conditions. 
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From  the  foregoing  it  muat  not  be  inferred, 
however,  that  jet  propalMon  ifi  not  feasible. 
As  a  matter  of  h4st,  it  is  perfectly  feasible, 
and  even  suitable  for  special  conditions  if 
the  machinery  is  designed  properly.  In 
England  several  life  boats  having  jet  pro- 
I>eller8  are  in  use;  and,  we  believe,  are 
giving  good  satisfaction  in  the  service  for 
which  they  were  intended.  The  reason  jet 
propulsion  is  not  employed  for  larger  vessels 
is  not  far  to  find.    It  is  simply  due  to  the 


fiftct  that  it  is  about  the  most  uneconomical 
method  of  propulsion  that  could  be  devised, 
and  for  that  reaton  if  a  person  becomes 
infected  with  the  inventing  fever,  let  him 
apply  his  ingenuity  in  more  profitable  direc- 
tions. Inventing  novel  systems  of  jet  pro- 
pulsion means  a  waste  of  time  and  money, 
not  counting  the  mental  wear  and  tear  occa- 
sioned by  the  rebuffs  encountered  in  bringing 
the  invention  to  the  notice  of  hard-hearted 
steamship  owners  and  builders. 


THE  MECHANICS  OF  CARPENTRY 

( Oontinuedfrom  the  November,  1899,  Number) 
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Dbtbrminino  the  Dead-Load  Stresses  in  the  Web  and  Chord  Members  of  a  Howe 

Trussed  Highway  Bridge 


PART   XVII 


THE  preliminary  information  regarding 
the  loads  on  bridges  and  the  form 
of  trusses  adapted  to  this  class  of 
structures  wa«  gathered  together  in  the  last 
article.  The  application  of  this  data, 
together  with  the  demonstration  of  the  usual 
methods  employed  in  the  determination 
of  the  streases,  the  proportioning  of  mem- 
bers, and  the  detail  design  of  joints  and 
connections,  in  at  least  one  form  of  high- 
way bridge,  will  be  the  subject  of  this 
and  several  subsequent  articles.  Since  the 
Howe  trussed  bridge,  built  with  timber 
top  and  bottom  chords  and  diagonals  and 
iron  tension  memben?,  offers  as  interesting 
and  practicable  an  example  as  any,  the 
consideration  of  the  subject  will  be  devoted 
to  a  bridge  of  this  character. 

Assume  that  the  bridge  to  be  designed 
is  to  carry  a  suburban  road  across  a  stream, 
necessitating  a  distance  of  120  feet  from 
center  to  center  of  the  abutments;  the 
county  authorities  require  that  it  shall  have 
a  width  of  roadway  at  least  16  feet  in  the 
clear,  exdusive  of  the  sidewalks.  The 
height  from  the  surface  of  the  roadway 
to  the  under  side  of  the  lateral  bracing 
is  required  to  be  not  less  than  14  feet,  on 
account  of  allowing  sufficient  headroom 
to  accommodate  the  usual  traffic  over  such 
a  road.  This  requirement,  therefore,  fixes 
the  minimum  height  of  the  trusses  at 
16  feet,  approximately,  measured  from  the 
centers  of  the  chords,  and  since  this  height 
gives  a  truss  of  economical  proportions,  it 
will  be  adopted. 


The  principal  dimensions  of  the  bridge 
trusses  are  thus  determined,  and  their  out- 
line to  scale  is  as  designated  in  Fig.  70,  the 
counterbraces  being  omitted,  as,  where  the 
load  is  uniformly  4jstributed  over  the  full 
length  of  tM  truss,  they  are  subjected  to  no 
stress,  and  are  put  in  for  the  sake  of  rigidity 
and  to  facilitate  better  connections  at  the 
panel  points.  The  dead  load,  or  the  weight 
of  the  structure,  may  be  obtained  from 
Table  VIII,  November,  1899,  issue  of  Science 
AND  Industry,  and  is  taken  at  800  pounds 
per  lineal  foot  of  bridge,  or  400  pounds  per 
lineal  foot  of  truss.  Figuring  on  this  basis, 
the  load  on  each  panel  of  the  truss  equals 
400  X  12,  the  length  of  a  panel  in  feet,  or 
4,800  pounds. 

In  considering  the  dead  load  on  a  bridge 
truss,  the  panel  load  is  divided  equally 
between  the  upper  and  lower  panel  points; 
for  instance,  in  this  case,  the  total  dead  load 
supported  in  the  vertical  line  a  J9,  Fig.  70,  is 
4,800  pounds,  one  half  of  which  is  con- 
sidered as  located  at  B  while  the  other  half 
is  assumed  to  act  at  a.  The  dead  loads  on 
one  truss  are,  therefore,  as  shown  in  Fig.  70, 
and  it  remains  to  calculate  the  stresses  that 
they  create  in  the  several  members  of  the 
truss. 

The  vertical  a;nd  diagonal  members,  which 
are  the  web  members  of  the  truss,  and  the 
stresses  of  which  are  called  web  ttresses^  will 
be  dealt  with  first.  The  vertical  member 
a  By  Fig.  70,  must  sustain,  besides  the  weight 
By  the  accumulation  of  strestes  from  all  the 
loads  on  the  truss  to  the  left  of  the  center; 
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for  example,  one-hi^f  of  e  and  one-half  of  J^ 
is  transmitted  to  the  right  and  left  abut- 
menta  by  the  diagonala  e  E  and  e  O,  respect- 
ively. Hence,  counting  e  as  one,  E  as  two, 
d  as  three,  etc,  the  member  aJB  must  sustain 
eight  loads;  6  C,  six;  cD,{qiqt;  etc.  The 
streasee  on  iJie  verticsd  members  of  the  truss 
due  to  the  dead  load  will  then  be  as  follows: 
DSAD-LOAD.  Stresses  im  Pounds 

Vertical  Memben 
aB  =:  2,400  X  8  =  19,200 
b  C=  2,400  X  6  =  14,400 
cD  =^  2,400  X  4  =    9,600 
dE=  2,400X2  =    4,800 
eF  =^  2,400  X  1  =    2,400 
While  the  diagonal  compression  members 
a  A,  b  J9,  etc.  receive  the  accumulation  of 
stresses  from  the  center  of  the  truss  in  the 
same  manner  as  the  vertical  rods,  the  stresses 
in  them  represent  oblique  forces  of  which 
the  streasee  in  the  tension  rods  are  the  ver- 
tical components,  and  the  stresses  in  the 
chords,  between  the  panel  points,  are  the 
horizontal  components.    This  being  the  case, 
the  stresses  in  the  diagonals,  as  compared 
with  the  stresses  in  the  verticals,  are  as  the 
ratios  of  their  lengths. 

This  is  all  more  lucidly  explained,  perhaps, 
by  referring  to  (a),  ^g.  71.  This  figure 
represents  a  section  of  the  bridge;  bB  \b  a. 
diagonal  member,  and  6  C  a  vertical  tension 
rod.  The  load  C  is  transmitted  by  the  ver- 
tical rod  to  the  top  of  the  diagonal  member, 


=  1.25.  This  value  is  in  reality  the  secant 
of  the  angle  that  the  diagonal  makes  with 
the  vertical,  and  referring  to  (b),  Fig.  71, 
its  length  is  expressed  trigonometrically  as 
bB 


sec<9  = 


bC 


Having  obtained  this  value, 


the  accumulated  loads  at  each  diagonal  must 
be  determined,  and  the  stress  in  each  of 
these  members  must  be  found  by  multiply- 
ing this  value  by  the  accumulated  loads  at 
the  diagonal  under  consideration. 

Working  with  this  data  and  again  referring 
to  Fig.  70,  the  number  of  loads  transmitted 
to  the  diagonal  a  A,  counting  from  the  cen- 
ter of  the  span  with  e  as  one,  equals  nine. 
In  the  same  manner,  the  accumulation  of 
loads  on  5 B  is  seven;  and  likewise  c  C  sus- 
tains five;  d  Df  three;  and  e  Ey  one. 

The  stresses  on  the  diagonal  members  of 
the  truss  may  then  be  tabulated  as  follows: 

Dead-Load  Stbessks  in  Pounds 

Diagonal  Members 

aA=  2,400  X  9  X  1.25  =  27,000 

6  B  =  2,400  X  7  X  1.25  =  21,000 

c  C  =  2,400  X  5  X  1.25  =  15,000 

di>  =  2,400X3X1.25  =    9,000 

eE=  2,400  XIX  1.25  =    3,000 

The  results  of  the  preceding  calculations 

show  that  the  stresses  in  the  web  members 

decrease  from  the  abutments  to  the  center  of 

the  span;  this,  however,  is  not  the  case  with 

the  chords,  as  the  stresses  in  these  members 


e4^0lb.       24^  U.       84C0lh.       Z4O0lh      B40OZb. 

®  ®  ©  (3)  (^ 


where  it  is  augmented  by  the  weight  6,  and 
the  accumulated  weight  at  the  top  of  the 
diagonal  is  4,800  pounds.  This  vertical 
force,  however,  creates  a  vertical  reaction  of 
equal  amount,  as  at  B^  and  also  the  horizon- 
tal thrusts  X  and  y,  which  are  resisted  by 
the  upper  and  lower  chords. 

In  this  manner  there  is  created,  at  every 
panel,  a  triangle  of  forces,  and  the  forces  are 
in  the  same  ratio  to  one  another  as  the  sides 
of  the  triangle.  For  instance,  the  vertical  is 
16  feet  and  the  horizontal  panel  distance  is 
12  feet;   if  the  vertical  distance  represents 

unity,  or  6ne,  the  diagonal  ^ ^-- 


mcreaae  from  the  abutments  to  the  center  of 
the  span,  and  the  accumulation  of  stresses  in 
the  chords  at  any  panel  point  is  due  to  the 
sum  of  the  stresses  in  the  diagonals  between 
the  panel  point  in  question  and  the  nearest 
abutment. 

Since  the  chord  members,  like  the  diagonal 
members,  do  not  receive  the  loads  direct, 
but  are  at  more  or  less  of  an  angle  to  the 
line  of  action  of  the  forces  transmitted  to 
them,  the  value  of  the  chord  members  in 
the  triangles  of  forces  must  be  determined. 
This  value  is  found  in  the  same  manner 
as  for  the  diagonals,  and  is  equal  to  tan  d, 
in   Fig.  71,  or   f},    which   is   .75   of  the 
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aocamalated  stressee  aocraiDg  from  the 
diai^nala.  Thus,  the  stress  in  the  portion 
of  the  lower  chord  AB  ia  evidently  equal  to 
the  thmst  of  the  diagonal  a  A  multiplied  by 
.75;  this  stress  is  tensile  and  is  equal  to  the 


Fig.  71 


compressive  stress  in  ah.  The  stress  in  the 
member  B  C,  however,  is  not  only  equal  to 
the  thrust  on  the  diagonal  b  B,  but  it  is  also 
required  to  sustain  the  stress  transmitted  to 


it  by  the  portion  of  the  chord  A  B,  and 
equals  the  compression  in  6C.  In  a  like 
manner  the  stress  in  the  portion  of  the  chord 
CD  equals  not  only  the  thrust  from  the  diag- 
onal c  Cf  but  the  added  stress  in  the  portions 
of  the  chord  A  B  and  B  C. 

As  was  previously  determined,  the  accu- 
mulation of  loads  upon  a  A  was  nine,  and 
in  65  seven,  whUe  in  cC  it  was  five. 
Therefore,  the  stress  in  the  portion  of  the 
chord  AB  equals  2,400 X 9 X. 75,  while 
B  C  must  sustain  not  only  the  stress  in 
A  Bf  but  also  the  stress  from  the  diagonal 
bBy  and,  consequently,  must  be  propor- 
tioned to  withstand  a  load  of  2,400  X  (9  +  7) 
X  •75.  In  a  similar  manner,  the  stresses 
in  the  other  portions  of  the  chords  may  be 
figured,  and  the  calculations  tabulated  as 
follows: 

ab  ^^  AB  =  2,400 X  9  =  .75  =  16,200 

6c-  BC  =  2,400X(9  +  7)  =  .75  =  28,800 

ed  ^  CD  =  2,400X  (9  +  7  +  5)  =  .75  =  37,800 

d«  =  DjB  =  2,400X(9  +  7  +  5  +  8)  =-  .75  =  48,200 

EF  =  2,400X(9  +  7  +  6  +  8  +  l)  -  .75  -=  45,000 

All  the  stresses  due  to  the  dead  load,  or 
the  weight  of  the  bridge  structure^  are  thus 
obtained,  and  in  a  subsequent  article  the 
determination  of  the  stresses  created  by 
the  live  load  will  be  considered. 


TIME-CARD   MAKE-UP 


Plefue  de9cribe  the  method  used  by  areet-rail- 
vxiy  companies  in  laying  out  or  figuring  their 
time  cards,  E.  J.  B.,  Detroit,  Mich. 

This  inquiry  we  believe  to  be  of  sufficient 
general  interest  to  merit  a  more  extended 
description  than  could  be  accorded  in  our 
columns  devoted  to  Answers  to  Inquiries. 

The  methods  used  by  various  electric  rail- 
ways in  laying  out  their  time  cards  are  not 
all  similar,  although  some  of  them  may 
agree  in  small  particulars. 

When  laying  out  a  single-track  road,  the 
probable  growth  of  traffic  should,  of  course, 
be  borne  in  mind,  in  order  that  the  turnouts 
may  not  be  too  few  in  number.  The  character 
of  the  service  will  be  governed  by  the  head- 
way with  which  the  cars  run.  For  instance, 
if  it  is  desired  to  give  a  15-minute  service  on 
a  particular  line  requiring  1  hour  to  make  a 
round  trip,  it  is  evident  that  four  cars  will  be 
required.  The  number  of  turnouts  required 
will  be  three.  In  any  case  the  number  of 
cars  should  not  exceed  the  number  of  turn- 
outs by  more  than  one.  Now,  another  fac- 
tor demands  consideration,  and  that  is  the 
time  occupied  in  making  the  run  between 


turnouts.  This  will,  of  course,  be  governed 
by  the  character  of  the  country  through 
which  the  road  runs.  In  open  country,  the 
schedule  rate  may  be  as  high  as  20  miles 
per  hour,  while  in  more  thickly  populated 
sections,  where  stops  are  more  frequent  and 
local  ordinances  have  force,  this  rate  may 
be  reduced  to  10  miles  per  hour,  or  even  less. 
The  applications  of  these  various  principles 
can  be  best  understood  by  citing  a  specific 
example.  On  a  particular  line,  requiring 
1  hour  and  20  minutes  for  a  round  trip, 
the  headway  during  business  hours  is  20 
minutes.  That  section  of  the  line  running 
through  the  city  is  used  by  another  branch 
of  the  system,  on  which  the  headway  is 
also  20  minutes,  thus  giving  practically  a 
10-minute  service.  On  this  first  line  it  is 
evident  that  four  cars  are  required.  Toward 
evening,  as  traffic  lightens,  it  is  found  that 
a  half-hour  service,  in  place  of  a  20-minute 
service,  is  sufficient.  Now,  on  a  line  requir- 
ing only  1  hour  and  20  minutes  per  round 
trip,  to  give  a  half-hour  service,  the  time 
would  have  to  be  lengthened  to  1^  hours 
per  round  trip,  in  order  to  use  three  cars. 
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G«org«  McC.  Robson,  M.  A. 

The  Shape  of  the  Earth — Precession  op  the  Equinoxes— The  Tides — What  Newton 
Discovered — Lagranqb's  Eulogy  of  Newton 


Till  old  experience  do  attain 
To  flomeUiing  like  prophetic  strain. 
-MUton. 


In  the  introduction  to  the  third  book  of 
the  Principia,  after  briefly  reviewing  what 
had  been  established  in  the  preceding  books, 
Newton  lays  down  four  rales  of  philosophi- 
sing: ( 1 )  We  are  not  to  assume  more  causes 
of  natural  phenomena  than  are  both  true 
and  sufficient  to  explain  the  observed  facte. 
In  this  rule  a  true  cause  means  one  that  can 
be  detected  and  whose  connection  with  the 
phenomenon  can  be  proved.  (2)  Therefore, 
to  the  same  effects  we  must,  as  far  as  possible, 
assign  the  same  causes;  e,  g.,  to  the  Ml  of 
stones  in  Europe  and  in  America.  (3)  Thoee 
qualities  of  bodies  that  admit  neither  of 
increase  nor  of  decrease  of  degree,  and  are 
found  to  pertain  to  all  bodies  within  reach 
of  our  experiments,  are  to  be 
esteemed  properties  of  all  bod- 
ies. (4)  In  experimental  phi- 
losophy, propositions  obtained 
by  a  wide  induction  from  phe- 
nomena are  to  be  regarded  as 
true,  or  at  least  very  nearly 
accurate,  until  other  phenomena 
occur  which  show  that  the  prop- 
ositions may  be  corrected,  or  are 
liable  to  exceptions' 

Under  the  head  of  phenomena 
Newton  then  gives  a  list  of 
astronomical  data,  taken  from 
the  recorded  observations  of 
various  astronomers.  From  the  examina- 
tion of  these  data  he  concludes  that  Kepler's 
laws  are  approximately  true,  both  for  the 
primary  planets  and  for  the  satellites. 
Hence,  he  shows  that  a  primary  planet  is 
held  in  its  orbit  by  a  centripetal  force 
toward  the  center  of  the  sun,  and  the  orbit 
of  a  sateUite  is  governed  by  a  force  directed 
toward  the  center  of  its  primary;  he  proves 
also  that  this  centripetal  force  acts  in  accord- 
ance with  the  hypothesis  of  universal  gravi- 
tation, and  is  nothing  else  than  the  familiar 
force  of  gravity.  Whatever  may  be  the 
force  that  causes  a  stone  to  Call  to  the 
ground,  it  is  the  same  force  that  regulates 
the  motions  of  the  planets  and  of  their 
satellites.     Thus,  Newton  found   a  partial 


verification  of  his  hypothesis  in  the  broad 
features  of  the  celestial  motions  as  ex- 
pressed in  Kepler's  laws.  By  this  confir- 
mation the  doctrine  of  universal  gravitation 
is  promoted  from  the  rank  of  a  mere  si)ecu- 
lation  to  that  of  a  working  hypothesis.  A 
working  hypothesis  guides  our  investigations, 
and  frequently  leads  to  important  results  that 
could  not  be  obtained  by  direct  experiment. 
In  proportion  as  the  results  thus  theoretically 
obtained  are  found  to  agree  with  observed 
facts,  our  confidence  in  the  validity  of  the 
hypothesis  increases.  We  shall  now  consider 
how  Newton  applied  his  working  hypothesis 
to  some  very  interesting  problems. 
It'  had  long  been  known  that  the  earth  is 


approximately  spherical  in  shape;  but,  until 
Newton's  time,  no  attempt  had  been  made 
to  determine  its  shape  more  definitely.  By 
aid  of  his  hypothesis,  Newton  was  able  to 
determine  the  shape  of  the  earth,  or  of  any 
planet  the  length  of  whose  day  is  known. 
He  recognized  that  a  non-rigid  rotating  body 
could  not  be  a  true  sphere,  for  the  action  of 
centrifugal  force  would  cause  it  to  bulge  at 
its  equator.  The  oblate  spheroidal  form  of  a 
rapidly  rotating  body  is  beautifully  illus- 
trated by  the  mode)  ehown  in  Fig.  1;  when 
in  rotation,  the  brass  strip  b  assumes  the 
shape  of  the  dotted  line,  and  looks  like  a 
transparent  spheroid. 

Newton's  investigation  of  the  figure  of  the 
earth  coneists  in  imagining  a  great  canal. 
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full  of  water,  to  extend  from  a  point  on  the 
equator  to  the  center,  and  thence  to  the  pole 
in  the  shape  of  a  great  L.  Now,  the  centrif- 
ugal force  due  to  the  earth's  rotation  takes 
off  7^7  of  the  weight  of  the  water  in  the 
equatorial  leg  of  this  L;  hence,  in  order  that 
the  two  columns  of  water  may  balance  each 
other,  the  equatorial  diameter  must  exceed 
the  polar  diameter.  Thus,  for  the  equilib- 
rium of  these  two  columns,  the  rotation  of 
the  earth  requires  that  its  shape  should  not 
be  spherical;  this  departure  of  the  earth 
from  spherical  form  introduces  a  Airther 
modification,  the  amount  of  which  Newton 
very  ingeniously  calculates.  On  the  assump- 
tion that  the  earth  is  homogeneous,  he  con- 
cludes that  its  equatorial  diameter  is  to  its 
polar  diameter  as  230  is  to  229. 

This  investigation  proves  that  a  plastic 
body  as  big  as  the  earth,  and  rotating  in  the 
same  period,  would  assume  the  form  of  an 
oblate  spheroid  with  a  difference  of  28  miles 
between  its  equatorial  and  polar  diameters. 
The  earth  is  now  almost  perfectly  rigid;  but 
Newton  reasoned  that  if  it  had  always  been 
rigid  and  had  not  assumed  the  oblate 
spheroidal  form,  the  water  of  the  ocean 
would  pile  itself  up  to  a  height  of  14  miles  at 
the  equator,  leaving  dry  land  in  high  lati- 
tudes. Since  land  and  water  are  not  dis- 
tributed in  this  way,  he  concluded  that  the 
earth  had  assumed  the  form  of  an  oblate 
spheroid. 

The  glory  of  making  accurate  measure- 
ments to  determine  the  size  and  shape  of 
the  earth  belongs  almost  entirely  to  the 
French.  In  1701,  Dominic  Cassini  meas- 
ured seven  degrees  of  latitude  from  Amiens 
to  Ferpignan,  and  at  a  later  period  the 
measurement  was  continued  to  Dunkirk:  it 
was  found  that  the  length  of  a  degree  of 
latitude  decreased  in  going  from  south  to 
north;  which,  if  the  measurements  were 
correct,  would  prove  that  the  earth  is  oblong 
and  not  oblate.  Here  was  a  direct  conflict 
between  the  result  obtained  by  actual 
measurement  and  that  derived  from  the 
Newtonian  hypothesis;  but  by  this  time 
confidence  in  the  theory  had  become  so 
strong  that  the  English  mathematicians 
maintained  that  the  discrepancy  only  proved 
that  the  figure  of  the  earth  could  not  be 
found  by  measuring  so  short  an  arc.  On 
the  recommendation  of  the  French  Academy, 
expeditions  were  sent  out  by  the  French 
Government  to  measure  the  length  of  a 
degree  of  a  meridian  in  different  latitudes. 
The  .difficulties  encountered  in  this  enter- 
prise were  very  great,  and  the  measurement 


of  the  equatorial  degree  could  not  be  accom- 
plished in  less  than  eight  yean.  The  results 
obtained  established. the  oblateness  of  the 
earth  beyond  all  doubt,  but  did  not  yield  a 
satisfactory  'determination  of  its  amount. 
The  corrected  measure  of  the  French  arc 
gave  the  ratio  of  the  equatorial  to  the  polar 
diameter  as  168 :  167;  comparison  of  the 
French  and  Peruvian  arcs  gave  the  ratio  as 
314  :  313;  while  the  ratio  derived  from  the 
Swedish  and  Peruvian  arcs  was  213 :  212. 
By  a  very  simple  arithmetical  calculation, 
guided  by  a  theory,  Newton  obtained  a 
result  that  was  afterwards  verified  by  an 
expensive,  arduous,  and  dangerous  expedi- 
tion, which  occupied  several  eminent  scien- 
tists for  years. 

Closely  associated  with  this  question  is 
the  variation  of  the  weight  of  a  body  with 
the  latitude.  In  this  connection,  we  must 
remember  that  weight  is  to  be  measured  by 
a  spring  balance.  If  the  earth  had  no  motion 
of  rotation,  its  spheroidal  shape  would  cause 
a  body  weighing  590  poundals  at  the  equator 
to  weigh  591  poundals  at  the  pole.  Again, 
if  the  earth  were  a  true  sphere,  its  rotation 
would  cause  the  apparent  weight  of  a  body 
at  the  equator  to  b^  less  than  its  true  weight 
by  7^7  of  the  true  weight.  The  total  varia- 
tion of  apparent  weight  arises  from  the 
coexistence  of  these  two  causes;  and  the 
result  is  that  a  mass  of  194  pdunds  weighs  as 
much  at  the  pole  as  a  mass  of  195  pounds 
weighs  at  the  equator.  Newton  applies  the 
theory  to  calculate  the  length  of  the  seconds 
pendulum  in  various  latitudes.  From  his 
determination  of  the  earth's  shape,  Newton 
was  able  to  explain  the  precession  of  the 
equinoxes,  which  is  one  of  the  most  inter- 
esting and  important  of  all  astronomical 
phenomena. 

The  earliest  attempt  to  create  a  science  of 
astronomy  led  to  the  ardent  cultivation  of  a 
branch  of  applied  mathematics  known  as 
doctrine  of  the  sphere,  in  which  a  great  many 
technical  terms  were  speedily  introduced. 
The  celestial  sphere  was  conceived  to  turn 
about  two  diametrically  opposite  points,  or 
poles,  and  the  great  circle  midway  between 
these  poles  was  called  the  cdettial  eqwOdr, 
The  sun's  apparent  path  is  a  great  drele, 
which  was  called  the  edipHc.  The  intersec- 
tions of  these  two  circles  were  called  the 
equinoctial  poinU,  because  the  days  and  nights 
are  equal  when  the  sun  is  at  either  of  these 
points.  The  equinoctial  point  through  which 
the  sun  passes  in  spring  is  called  the 
first  point  of  Aries,  and  is  marked  HTf  this 
being  the  conventional  representation  of  a 
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ram's  head.  All  great  drdee  perpendicular 
to  the  ecliptic  meet  in  two  points  caUed  the 
poles  of  the  ecliptic.  The  position  of  a  point 
on  the  celestial  sphere  can  be  described  by 
reference  to  the  ecliptic  and  the  great  circles 
perpendicular  to  it,  exactly  as  we  locate  a 
place  on  the  earth  by  the  terrestrial  equator 
and  meridians  of  longitude;  indeed,  before 
the  invention  of  pendulum  docks,  this  was 
the  most  conTenient  way  to  locate  celestial 
bodies.  If  a  great  circle  is  drawn  through 
any  point  on  the  celestial  sphere  perpendic- 
ular to  the  ecliptic,  the  arc  of  the  ecliptic 
measured  eastward  from  the  first  point  of 
Aries  to  the  foot  of  the  i>erpendicular,  is 
called  the  longitude  of  the  point;  it  is  impor- 
tant to  bear  in  mind  that  celestial  longitude 
is  measured  on  the  ecliptic  and  not  on  the 
celestial  equator. 

The  path  of  the  sun  among  the  stars  can- 
not be  plotted  so  easily  as  that  of  the  moon, 
or  of  a  planet;  for,  when  the  sun  is  in  a 
fiiYorable  position  for  observation,  the  stars 
are  invisible,  and  therefore  the  ecliptic  can 
be  traced  only  by  some  indirect  method. 
For  this  purpose,  Hipparchus,  in  the  second 
century  of  our  era,  used  the  eclipses  of  the 
moon;  for,  during  a  lunar  eclipse,  the  sun  is 
direcUy  opposite  to  the  moon,  and  therefore 
the  sun's  position  ia  known.  In  this  way, 
Hipparchus  detected  a  slight  increase  in  the 
longitude  of  the  bright  star  Spica  Vii^ginis. 
This  increase  might  be  due  either  to  a 
motion  of  the  star  in  addition  to  its  regular 
diurnal  revolution  about  the  earth,  or  to  a 
motion  of  the  first  point  of  Aries.  Hip- 
parchus examined  the  places  of  a  laige 
number  of  stars  in  different  parts  of  the 
heavens,  and  found  that  the  longitudes  of 
all  were  increasing  at  the  same  rate,  whence 
it  was  evident  that  the  change  must  be 
attributed  to  the  motion  of  the  first  point  of 
Aries;  and  he  also  showed  that  this  motion 
takes  place  about  the  pole  of  the  ecliptic, 
and  not  about  the  pole  of  the  equator.  In 
this  investigation,  Hipparchus  displayed  in- 
domitable perseverance  and  boundless  inge- 
nuity in  devifflng  and  collecting  suitable 
observations;  and  in  the  interpretation  of 
these  results  he  showed  that  he  had  a  per- 
fectly dear  and  distinct  conception  of  the 
relative  motions  involved. 

Hipparchus  had  thus  discovered  that  as 
the  sun  moves  eastward  along  the  ediptic, 
the  equinoctial  points  move  westward  to 
meet  the  sun.  This  has  the  effect  of 
shortening  the  period  of  time  between  two 
successive  equinoxes;  this  phenomenon  is 
called  the  precession  of  the  equinoxes,  or,  more 


shortly,  precession.  This  curious  thing,  dis- 
covered and  partly  explained  by  Hipparchus, 
is  not  merdy  interesting  to  astronomers,  but 
it  has  occupied  the  attention  of  those  that 
make  our  dvil  laws.  A  tropical  year  is 
defined  as  the  period  between  two  successive 
passages  of  the  sun  through  the  first  point 
of  Aries;  and,  owing  to  the  motion  of  the 
equinoctial  points,  the  tropical  year  is  about 
20  minutes  shorter  than  it  otherwise  would 
be.  It  is  important  for  many  reasons  that 
the  dvil  year,  while  containing  an  exact 
number  of  days,  should  correspond  as  nearly 
as  possible  with  the  tropioal  year;  this 
correspondence  is  secured  by  a  complicated 
system  of  intercalation,  which  gives  rise  to 
our  leap  years.  Every  time  a  discussion 
arises  as  to  whether  the  year  1900  is  or  is 
not  a^  leap  year,  the  disputants  are  dealing 
with  a  problem  that  involves  precession. 

C!opemicus  perceived  that  the  explanation 
of  precession  could  be  very  much  simplified 
by  asfluming  the  diurnal  rotation  of  the 
earth  about  its  axis.  The  ordinary  state- 
ment About  the  earth's  axis— that  it  remains 
constantly  parallel  to  itself— is  only  approxi- 
matdy  true.  The  phenomenon  of  preces- 
sion is  satisfactorily  explained  by  suppodng 
the  axis  of  the  earth  to  have  a  slow  conical 
motion,  whereby  the  cdestial  pole  traces  a 
small  drde  among  the  stars  in  about  26,000 
years.  This  is  the  explanation  given  by 
Copernicus,  but  he  complicates  it  by  the 
erroneous  supposition  that  the  precession 
is  unequable.  The  motion  of  the  north  pole 
among  the  stars  is  represented  in  Fig.  2, 
which  is  copied  from  Sir  Robert  S.  Ball. 
In  precession  we  have  a  clue  to  past  history 
through  ages  almost  endless.  By  it  the 
dates  of  the  building  of  the  pyramids  have 
been  fixed  with  some  degree  of  probability; 
and  plausible  attempts,  based  on  thife  phe- 
nomenon, have  been  made  to  determine  the 
periods  at  which  the  andent  constellations 
received  their  names. 

We  now  come  to  the  third  step  in  the 
history  of  this  subject — Newton's  discovery 
of  the  relation  of  precession  to  the  shape 
of  the  earth.  By  a  truly  appalling  piece  of 
mathematical  reasoning,  he  showed  that 
precession  is  due  to  the  attraction  of  the 
sun  and  moon  on  the  earth's  equatorial 
protuberance.  This  explanation  could  not 
have  been  suspected  before;  for  it  depends 
entirely  on  the  shape  of  the  earth,  which 
Newton  had  just  then  determined  theoretic- 
ally. Newton  had  shown  that  a  sphere 
attracts,  and  is  attracted,  as  if  its  whole 
mass  were  concentrated  at  its  center;  and 
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that  the  same  is  not  trae  of  a  spheroid. 
The  attraction  of  the  sun  upon  the  earth  is, 
therefore,  an  eccentric  pull  that  difitorbe 
the  earth's  axis  of  rotation  in  a  manner 
that  Newton  was  able  to  calculate.  A  fall 
explanation  of  the  behavior  of  a  rotating 
body  under  the  action  of  an  eccentric  force 


Fig.  2 

involves  a  great  deal  of  mathematics  and 
rigid  dynamics.  We  can  only  illustrate  the 
phenomenon  by  some  experiments  which, 
though  really  no  simpler  than  the  precession 
of  the  equinoxes,  have  the  advantage  of  not 
requiring  one  to  live  26,000  years  to  watch 
them  iMuas  through  a  complete  cycle  of 
changes. 

A  gyrostat  (Fig.  3)  consists  essentially  of 
a  massive  wheel  capable  of  rotating  freely  in 
bearings  attached  to  a  frame.  If,  while  the 
wheel  is  not  rotating,  we  attempt  to  balance 
the  gyrostat  on  the  pivot,  as  shown  in  the 
figure,  its  weight  will  drag  it  down;  but  if 
we  cause  the  wheel  to  rotate  very  rapidly, 
and  place  the  frame  on  the  pivot  as  shown, 
the  gyrostat  will  not  frdl  down,  but  will 
begin  to  rotate  about  the  pivot.  If  the 
wheel  is  rotated  in  the  direction  indicated 
by  the  arrow,  and  if  the  frame  is  so  placed 
on  the  pivot  that  the  axis  of  the  wheel 
makes  an  angle  of  about  23}°  with  the 
vertical,  we  shall  have  a  very  fair  imitation 
of  the  conical  motion  of  the  earth's  axis. 
The  direction  of  the  conical  motion  of  the 
gyrostat's  axis  is  indicated  by  the  arrow 
below  the  frame.  If  we  imagine  the  axis 
produced  to  trace  out  the  circle  a  6  c,  we  can 


lay  down  a  simple  rule  for  the  direction  in 
which  this  circle  is  generated:  The  circle 
a  6  c  is  generated  in  the  same  direction  as  a 
real  cylinder,  rotating  in  the  same  direction 
as  the  wheel,  would  roll  along  the  inside  of 
the  circle.  In  order  that  the  direction  of 
the  conical  motion  of  the  gyrostat's  axis 
may  correspond  with  that  of  the 
earth's  axis,  the  gyrostat  must 
have  its  axis  inclined  downward 
from  the  point  of  support 

Some  very  instructive  experi- 
ments can  be  performed  with  any 
ordinary  spinning  top.  An  ordi- 
nary top  is  supported  on  a  point 
below  its  center  of  mass,  and  the 
force  of  gravity  tends  to  pull  it 
down;  the  effect  of  this  pull,  com- 
bined with  the  rotation,  is  to 
cause  the  top  to  reel,  so  that  its 
axis  has  a  precessional  motion  in 
the  direction  in  which  the  top  is 
rotating.  If  the  top  rotates  in 
the  same  direction  as  the  earth, 
its  precessional  motion  is,  there- 
fore, opposite  in  direction  to  that 
of  the  earth.  If  we  attempt  to 
push  the  upper  end  of  the  top's 
axis  either  toward  or  away  frt)m 
the  vertical,  the  axis  does  not 
move  in  the  direction  of  the  push, 
but  its  rate  of  precession  changes.  A  spin- 
ning top,  suspended  from  the  upper  extrem- 
ity of  its  axis,  has  a  precessional  motion 
similar  to  that  of  the  earth. 

In  addition  to  the  precession  discovered 
by  Hipparchue,  Newton  recognized  that  the 
oblateness  of  the  earth  must  produce  another 
slight  irregularity  of  the  motion  of  the 
earth's  axis;  this  he  called  nutation  (nod- 
ding). The  nutation  of  the  earth's  axis  is 
a  snudl  vibratory  motion  toward  and  from 
the  plane  of  the  ecliptic.  Newton  asserted 
that  its  amount  is  so  small  as  to  be  scarcely 
perceptible.  Even  after  its  existence  had 
been  pointed  out  by  Newton,  it  required 
consummate  skill  on  the  part  of  Bradley— 
the  third  British  Astronomer  Royal  and  a 
very  accomplished  observer — ^to  detect  it  by 
astronomical  observations. 

The  ebb  and  flow  of  the  tide  is  a  phenom- 
enon of  high  importance  to  mankind,  and 
from  its  direct  influence  on  navigation  it 
has  necessarily  attracted  great  attention. 
There  is  a  legend  that  a  great  philosopher, 
driven  to  desperation  by  his  inability  to 
explain  the  tides,  drowned  himself  in  the 
sea.  Kepler  associated  the  tides  with  the 
mooD,  and  said  that  the  waters  of  the  ocean 
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followed  the  moon  in  her  journey  roond  the 
earth.  For  this  he  was  most  onmerciitilly 
chaffed  by  Galileo,  who  said  it  was  pure 
8ai>erBtition  to  connect  the  tide  with  the 
moon.  Newton  laid  the  foundation  of  the 
tidal  theory,  and  showed  that  the  main 
features  of  tiie  tides  are  due  to  the  attrac- 
tion of  moon  and  sun  on  the  waters  of  the 
ocean.  Those  of  our  readers  that  are  inter- 
ested and  wish  to  see  this  very  abstruse 
subject  at  once  popularly  and  scientifically 
explained,  should' read  Prof  G.  H.  Darwin's 
book  on  the  tides. 

The  comets  are  indebted  to  Newton  for 
their  admission  to  the  privileges  of  citizen- 
ship in  the  solar  system.  Regarding  them 
as  subject  to  the  control  of  gravitation,  he 
recognized  their  orbits  as  very  elongated 
eUipsee;  and,  therefore,  the  same  comet 
must  return  again  and  again  at  equal  inter- 
vals of  time,  except  in  so  far  as  its  path  is 
disturbed  when  it  passes  near  one  of  the 
great  planets.  In  1682,  Halley  observed  a 
c(»net,  and  calculated  its  orbit  on  Newtonian 
principles;  he  determined  both  the  dates  of 
its  past  and  of  its  future  appearances.  He 
found  that  it  had  been  seen  in  1607  by 
Kepler,  and  in  1631  by  Appian,  and  pre- 
dicted that  it  would  reappear  about  the  year . 
1758.  Halley  lived  to  a  good  old  age,  but 
died  before  the  expected  return  of  his  comet. 
When  the  time  drew  near,  Clairaut  made  a 
very  carefcd  computation  of  the  perturbing 
influence  of  Jupiter,  near  which  the  comet 
had  passed,  and  predicted  its  return  for 
April  13, 1759,  at  the  same  time  stating  that 
he  might  have  made  an  error  of  a  month. 
The  comet  took  advantage  of  the  full  limit 
he  allowed,  for  it  returned  on  the  13th  of 
March,  1759. 

Thus  Newton  found  that  in  every  depart- 
ment in  which  practical  astronomy  couia  mr- 
nish  trustworthy  data,  his  working  hypoth- 
esis was  abundantlv  able  to  account  for 
all  the  phenomenar— the  most  minute  as  well 
as  the  greatest  His  tl.eory  explained  all 
the  order  that  had  been  observed  amid  the 
perpetual  change  and  apparent  disorder  of 
the  heavens,  and  it  equally  accounted  for  all 
the  fluctuations  and  apparent  irregularities 
detected  in  the  celestial  motions.  Starting 
from  three  simple  principles  derived  from 
experience — principles  so  simple  that  he 
calls  them  axioms— he  had  been  able  not 
only  to  explain  known  facts,  but  also  to 
predict  things  that  would  afterwards  be 
observed. ^Greater  wonders  even  than  these 
have  been  achieved  through  his  theory.  By 
it,  M.  Le  Verrier  and  Mr.  Adams— two  very 


brilliant  young  mathematicians — working 
quite  independently,  were  able  to  discover 
the  existence  of  an  unknown  planet,  and  to 
direct  the  astronomers  in  their  observatories 
where  to  look  for  this  great  planet  at  a  given 
time.  The  calculations  of  Le  Verrier  and 
Adams  were  based  on  some  discrepancies 
between  the  observed  and  the  calculated 
longitudes  of  the  planet  Uranus,  which  had 
been  discovered  in  1781  by  Sir  William 
Herschel. 

It  remains  for  us  yet  to  give  a  definite 
answer  to  the  question:  What  did  Newton 
discover?  Newton's  writings  contain  no 
explicit  statement  of  the  hypothesis  of 
universal  gravitation,  though  separate  parts 
of  it  are  found  in  different  passages  of  the 
Principia.  By  combining  these  detached 
parts,  the  modem  enunciation  of  the  hypoth- 
esis has  been  obtained,  and  this  general 
statement  is  now  caUed  the  law  of  umversdl 
gravUation,  It  is  usually  said  that  Newton's 
discovery  is  the  law  of  universal  gravitation, 
and  this  statement  ia  perfectly  correct  if  the 
phrase  ''law  of  universal  gravitation''  is 
rightly  interpreted. 

What  do  we  mean  by  law  in  science? 
When  we  say  that  Jupiter  obeys  the  law  of 


gravitation,  do  we  attribute  to  Jupiter 
moral  faculties  and  a  wiU  by  which  the 
planet  can  determine  its  own  conduct? 
Could  Uranus,  in  1840,  have  been  indicted 
before  some  high  court  of  the  universe  for 
wilfhl  and  malicious  violation  of  law,  by 
which  the  harmony  of  the  solar  system  was 
grievously  perturbed  ?  Can  we  imagine  the 
planet  making  the  defense  that  his  intentions 
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were  honorable  and  that  he  was  doing  his 
very  best  to  obey  the  law;  that  he  was  a 
good  citizen  and  had  a  feuxiily  of  six;  that  it 
was  not  with  any  evil  design  that  he  traveled 
under  different  names — sometimes  calling 
himself  Uranus,  sometimes  Herschel,  some- 
times Georgium  Sidus;  that  his  apparently 
wilful  transgressions  were  caused  by  a  dis- 
reputable-looking stranger  that  frequently 
assaulted  him  and  pulled  his  coat  to  make 
him  swerve  from  his  appointed  path?  When 
we  think  of  the  matter  in  this  light  we 
recognize  that  a  physical  law  is  something 
entirely  different  from  a  moral  or  a  civil  law. 

Having  thus  cleared  the  ground  by  deter- 
mining what  a  physical  law  is  not,  we  are  in 
a  better  position  to  investigate  what  it  is. 
The  most  eminent  physicists  of  the  present 
time  declare  that  the  principal  business  of 
sdenoe  is  the  tracing  of  analogies  or  similari- 
ties, so  that  we  can  group  a  large  number  of 
phenomena  together  in  a  single  class.  The 
scientific  explanation  of  an  event  consists  in 
establishing  an  analogy  between  that  event 
and  some  other  event  with  which  we  are 
familiar.  Newton  explained  the  motion  of 
the  moon  when  he  established  the  analogy 
between  the  moon's  motion  and  the  fall  of  a 
stone.  The  trend  of  scientific  thought  seems 
to  be  toward  some  such  definition  as  the 
foUowing:  A  physical  law  is  a  general  state- 
ment of  similarities  in  natural  phenomena. 
The  law  derives  its  value  from,  the  assumption 
that  the  events  of  the  future  and  phenomena 
beyond  our  reach-  will  display  the  same 
analogies  and  similarities  as  those  we  have 
observed.  When  it  is  asserted  that  a  phys- 
ical law  has  been  tested  and  approved  by 
experiments,  the  range  of  the  experiment 
should  be  stated;  and  only  within  that 
range  is  the  law  known  to  be  true. 

What,  then,  do  we  mean  by  the  word 
universcU  in  the  phrase  law  of  universcU  gravi- 
tationf  Newton's  fourth  rule  of  philosophy 
supplies  the  key  to  the  interpretation.  Since 
it  has  been  found  that  the  law  of  gravitation 
is  applicable  to  aU  the  matter  in  the  solar 
system,  we  are  to  assume  that  it  applies  to 
all  matter  everywhere  until  some  reason  to 
the  contrary  has  been  discovered.  The 
observed  motions  of  multiple  stars  tend  to 
confirm  the  hypothesis  that  the  law  of  gravi- 
tation applies  to  the  matter  in  those  systems, 
though  it  cannot  be  said  that  this  has  been 
proved. 

The  last  word  whose  meaning  we  have  to 
discuss  is  j7ran((Uion.  What  is  gravity  ?  Our 
idea  of  gravity  is  derived  from  our  sense  of 
effort  when  we  raise  a  body  from  the  ground. 


or  prevent  one  from  falling.  Hence,  we  say 
that  the  earth  attracts  the  body,  or  the  body 
gravitates  toward  the  earth;  but  we  know 
nothing  of  the  cause  or  mechanism  of  this 
attraction.  At  the  end  of  the  Prindpia 
Newton  says:  ''Hitherto  I  have  not  been 
able  to  discover  the  cause  of  those  properties 
of  gravity  from  phenomena,  and  I  frame  no 
hypothesis."  In  a  letter  to  Bentley,  dated 
January  17,  1692  (i.  e.,  1693  of  our  calendar) 
he  remarks:  ''You  sometimes  speak  of 
gravity  as  essential  and  inherent  to  matter. 
Pray  do  not  ascribe  that  notion  to  me,  for 
the  cause  of  gravity  is  what  I  do  not  pretend 
to  know,  and  therefore  would  take  more 
time  to  consider  of  if  In  a  subsequent 
letter  to  Bentley,  dated  February  25,  1692 
(1693),  he  writes:  "That  gravity  should  be 
innate,  inherent,  and  essential  to  matter,  so 
that  one  body  can  act  upon  another  at  a 
distance,  through  a  vacuum,  without  the 
mediation  of  anything  else,  by  and  through 
which  their  action  and  force  may  be  con- 
veyed from  one  to  another,  is  to  me  so  great 
an  absurdity  that  I  believe  no  man  who  has 
in  philosophical  matters  a  competent  fiEunlty 
of  thinking  can  ever  taXL  into  it"  In  his 
"  Optics  "  he  speaks  of  the  ether  as  a  subtile 
medium  filling  all  space,  and  finely  penetra- 
ting through  all  matter,  and  he  speculates 
that  heat  and  light  may  be  propagated  by 
the  vibrations  of  this  medium,  and  tries  to 
imagine  a  medium  with  such  properties  that 
it  would  account  for  the  phenomena  of  heat, 
light,  and  gravitation. 

The  ether  has  been  very  hard  worked  of 
late,  but  physicists  have  strong  hopes  that 
sometime  they  will  be  able  to  attribute  to  it 
such  qualities  as  will  enable  it  to  embrace 
the  phenomena  of  gravitation  as  well  as 
those  of  electricity  and  magnetism;  and  that 
thus  they  may  be  able  to  correlate  the  seven 
or  eight  forms  of  energy  that  they  are  still 
compelled  to  consider  as  distinct.  Some  of 
the  speculations  of  mathematical  physicists 
along  this  line  are  profoundly  interesting, 
but  their  development  is  impeded  by.  almost 
insuperable  mathematical  difficulties. 

K  the  reader  will  dissociate  the  term  mau 
from  its  direct  connection  with  the  idea  of 
quantity  of  matter,  we  can  state  Newton's 
discovery  in  a  form  more  consonant  with 
modern  ideas.  The  discovery  that  charac- 
terizes the  Principia  is,  to  any  body  A  we  can 
assign  a  constant^  oaUed  its  mass,  such  that  any 
other  body  has  an  acceleration  toward  A  pro- 
portional to  the  mass  of  A  divided  by  the  square 
of  the  distance  between  the  bodies. 

The    manuscript  of   the   Principia  was 
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completed  in  1686,  and  it  was  published  in 
the  sammer  of  1687.  Its  effect  can  best  be 
described  by  quoting  a  fkvorite  saying  of 
Lagrange,  that  Newton  was  not  only  the 
greatest  genius  that  ever  existed,  but  he  was 
also  the  most  fortunate;  for,  as  there  is  but 
one  uniyerse,  it  can  happen  to  but  one  man 
to  be  the  interpreter  of  its  laws.  It  is  inter- 
esting to  place  beside  this  generous  eulogy 
Newton's  own  modest  statement,  "  If  I  have 
seen  further  than  other  men  it  is  because  I 
stood  upon  the  shoulders  of  giants."  The 
English  Grovernment  showed  its  appreciation 
of  Newton  by  his  appointment  in  1696  as 
warden,  and  his  promotion  in  1699  to  the 
mastership  of  the  mint  In  1705  he 
knighted  by  the  king. 


He  passed  away  from  the  scene  of  his 
labors  on  March  20, 1727,  in  the  eighty-fifth 
year  of  his  age.  He  was  interred  in  West- 
minster Abbey,  the  pall  being  borne  by  the 
Lord  Chancellor  and  several  of  the  leading . 
noblemen.  A  stately  monument  has  been 
erected  to  his  memory,  with  emblematic 
representations  of  some  of  his  discoveries. 
A  short  time  before  his  death  he  gave 
utterance  to  this  characteristic  sentiment: 
*'  I  do  not  know  what  I  may  appear  to  the 
world;  but  to  myself  I  seem  to  have  been 
only  like  a  boy  playing  on  the  seashore,  and 
diverting  myself  in  now  and  then  finding  a 
smoother  pebble  or  a  prettier  shell  than 
ordinary,  whilst  the  great  ocean  of  truth  lay 
all  undiscovered  before  me." 


WATER  FILTRATION  AT  HOME 


Thos.  N.  Thomson 


How  TO  Obtain  Pure  Watbr  While  Othbbs  Are  Drinking  Mud — Quack  Filters,  ANft  How 
TO  Know  Them — Germ-Proof  Filters 


THE  greater  part  of  the  water  consumed 
in  cities  for  drinking  and  cooking 
purposes,  although  fidling  from  the 
heavens  quite  pure  in  the  form  of  rain, 
beoGmes*  contaminated  on  its 
way  to  the  reservoirs,  and  often 
in  the  reservoirs  themselves. 
Not  only  does  the  pure  rain 
water  absorb  mineral  impurities 
as  it  travels  down  the  hill  or 
mountain  sides,  but  it  often  be- 
comes highly  impregnated  with 
mud,  decayed  vegetation,  and 
even  with  the  excrement  from 
sheep  and  cattle.  When  these 
little  highland  streams  reach  the 
reservoir  they  are  often  so  very 
turbid  as  to  be  nearly  as  dark 
as  stale  ale,  and  much  thicker. 
Most  of  the  matter  held  in  sus- 
pension settles  on  the  bottom  of 
the  reservoir,  and  the  water, 
when  allowed  to  stand,  ulti- 
mately becomes  fairly  clear 
before  it  enters  the  main  pipe 
lines.  A  reservoir  may,  how- 
ever, become  so  turbid  through- 
out after  a  heavy  shower  that  it  is  no  uncom- 
mon occurrence  for  the  muddy  water  to 
enter  the  street  mains  and  be  drawn  from 
the  fkucets  in  that  condition.  It  would 
only  be  reasonable   to   expect   the  water 


Fio.  1 
A  filter  that  is  not  ajuter. 


companies  to  build  large  filtering  beds  at 
their  reservoirs,  so  that  all  foreign  matter 
held  in  suspension  by  the  water  would  be 
intercepted  at  the  filters  before  the  water 
could  enter  the  street  mains; 
but  many  reservoirs  do  not  have 
any  filters,  and,  consequently, 
the  people  supplied  get  the 
water  just  as  it  lies  in  the 
reservoir,  or  perhaps  worse  yet 
if  the  mains  are  in  bad  condi- 
tion. 

Many  reservoirs,  it  is  true, 
are  equipped  with  filters,  but 
very  often  these  are  so  con- 
structed that  they  can  intercept 
only  such  objects  as  branches  of 
trees,  twigs,  dead  cats,  etc., 
being  of  no  use  whatever  either 
in  intercepting  germs  of  disease 
or  in  clarifying  the  water. 

Sand  and  gravel  filters  do  not 
and  cannot  intercept  bacteria, 
for  the  spaces  between  the  filter- 
ing material  are  large  enough 
to  let  these  minute  organisms 
go  through  a  hundred  abreast, 
if  such  a  thing  could  be  imagined.  If 
water  companies  would  place  germ-proof 
filters  at  their  reservoirs  that  would  not 
only  intercept  germs  but  also  clarify  the 
water  as  dear  as  crystal,  and  if  the  street 
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could  be  kept  thoroughly  dean 
inside,  there  would  be  no  use  at  all  for  the 
public  troubling  about  the  quality  of  the 
water  used  in  their  homes,  because  it  would 
come  to  them  perfectly  clear,  pure,  safe,  and 
wholesome.  But  water  companies  will  not 
do  this,  and  the  public  does  not  seem  to 
care  much  whether  they  do  it  or  not  The 
result  of  public  lethargy  in  this  matter 
and  the  lack  of  public  spirit  in  the  way  of 
opposing  the  tyranny  of  water  corporations, 
is  that  the  water  supplies  of  many  cities 
today  are  so  thoroughly  contaminated  with 
aninial  and  vegetable  matter  that  peculiar 
diseases  are  found  to  exist,  and  have  even 
become  epidemic  in  certain  sections  supplied 
by  these  contaminated  waters. 

Filter  after  filter  has  been  purchased 
of  difi*erent  dealers,  and  mayhap  pedlers, 
too,  by  the  more  intelligent  residents  of 
cities,  at  prices  ranging  from  ten  cents 
to  perhaps  five  dollars,  for  the  purpose  of 
getting  pure  water  for  home  consumption, 
and  then  utterly  failed.     The  market  for 


Fio.2 
A  filter  that  U  a  JUier. 


Fig.  3 
Interior  coMtructinn  of  a  germ-proqf  filter. 

the  past  ten  years  has  been  flooded  with 
innumerable  quack  filters  that  do  not  filter, 
and  some  that  do  filter,  but  are  nearly  as  bad 
as  those  that  do  not  By  the  foregoing  we 
refer  to  some  of  those  abominable  things 
that  people  screw  on  faucets  at  kitchen 
sinks.  They  never  can  filter  properly,  for 
they  are  built  wrong;  they  are  simply 
screens  that  hold  back  laige  matter  carried 
by  the  water,  such  as  small  fish,  worms, 
parts  of  leaves,  etc.  The  reason  why  such 
filters  do  not  operate  is  that  the  filtering 
beds  are  too  small  and  the  filtering  passages 
too  large,  and  the  velocity  of  the  water 
passing  through  the  filtering  material  is 
altogether  too  high  for  efficient  filtration. 
These  humbugs  are  worse  than  useless, 
because  they  give  to  the  public  a  feeling 
of  security  that  is  false  in  the  extreme. 
They  are  made  and  sold  chiefly  to  meet 
the  great  demand  of  the  present  time  for 
cheap  goods. 

If  disease  germs  are  to  be  filtered  from 
water,  it  is  necessary  that  the  filters  operate 
very  tilowly,  because  the  filtering  material 
must  be  so  close  that  the  water  will  simply 
ooze  through  it,  even  when  subject  to  high 
pressure,  and  its  surface  must  be  large,  so 
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that  the  quantity  exuded,  when  collected, 
will  form  at  least  a  small  stream.  There  are 
several  filters  on  the  market  today  that  are 
bnilt  on  the  germ-proof  principle,  and  no 
doabt  they  are  germ-proof,  bat  the  filtering 
material  of  many  of  them  becomes  so  clogged 
up  in  a  short  space  of  time  that  the  public 
appears  to  think  that  the  mere  getting  of 
pore  water  is  not  worth  the  trouble  involved 
in  cleaning  them;  hence,  there  appears  to  be 
little  demand  even  for  a  germ-proof  non-self- 
cleaning  filter.  We  do  not  mean  any  refiec- 
tion  on  the  merits  of  non-self-cleaning 
gorm-proof  filters,  because  the  first  object  of 
a  filter  is  not  that  it  should  be  self-cleaning, 
but  that  it  should  fhrnish  perfectly  dear 
pore  water,  free  from  disease  germs.  Many 
of  the  filters  on  the  market  today  are  excel- 
lent filters  if  the  public  will  only  dean  them 
oat  properly. 

A  new  filter  that  is  now  being  placed  on 
the  market  seems  to  be  built  on  proper  prin- 
dples.  Fig.  2  shows  one  of  them  attached 
to  the  cold-water  pipe  of  a  kitchen  sink  at 
the  back  of  the  cold-water  ikucet,  and  the 
lady  seen  in  the  illustration  is  drawing  a 
g^asB  of  filtered  water.  Fig.  3  shows  the 
construction  of  this  filter.  It  is  composed 
of  two  nickelplated  polished  casings;  the 
one  on  the  right  hand  surrounds  the  filtering 
tube,  while  the  one  on  the  left  serves  as  a 
reservoir  for  filtered  water.  This  attachment 
filters  from  15  to  50  gallons  a  day,  according 
to  the  pressure.    The  main  object  of  the 


reservoir  shown  in  the  figure  is  to  hold  in 
reserve  a  supply  of  drinking  water  that, 
though  limited,  is  always  ready  to  fhmish  a 
cool  drink  when  wanted.  The  interior  of 
the  filter  is  lined  with  block  tin  to  prevent 
the  water  stored  there  from  being  contami- 
nated with  metallic  poisons.  It  is  12}  inches 
high,  and  weighs  about  8  pounds,  complete. 
The  filtering  tube  is  a  hollow  cylinder  made 
of  specially  prepared,  fine,  porcdain  oompo- 
dtion.  The  water  from  the  sink  faucet, 
which  is  used  to  draw  off  unfiltered  water 
for  ordinary  purposes,  is  employed  to  keep 
the  filtered  water  cool;  every  time  water  is 
drawn  from  the  sink  fiaucet  a  current  is  made 
to  circulate  around  the  filtering  cylinder,  thus 
keeping  the  cylinder  clean  and  its  contents 
cool.  The  manufacturers  claim  that  this 
fiushing  action  thoroughly  deans  the  filter, 
thus  making  it  automatically  self-deaning. 

Now  that  a  germ-proof  sdf^deaning  filter 
can  be  purchased,  and  since  all  objections  to 
quack  filters  seem  to  be  overcome,  there 
appears  to  be  only  one  thing  that  can  stand 
between  the  water-consuming  public  and 
perfectly  pure  water,  and  that  is  twdve  and 
one-half  dollars — the  price  of  this  modem 
filter.  There  are  cheaper  germ-proof  filters 
in  the  market,  but  we  do  not  know  of  any 
that  are  more  worthy  of  a  place  in  the  home 
than  the  filter  shown  here. 

NoTB. — We  are  indebted  to  The  Metro- 
politan Filter  Company,  97  Washington 
Street,  Chicago,  111.,  for  Figs.  2  and  3. 
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By  the  "  Professor" 


MECHANICS  is  that  sdence  which  treats 
of  the  action  of  forces  on  bodies,  and 
the  effects  they  produce;  it  treats  of 
the  laws  governing  the  equilibrium  and 
movement  of  bodies,  and  shows  how  they 
may  be  utilized.  According  to  the  effects 
that  forces  produce  on  a  body,  the  sdence  of 
mechanics  is  subdivided  into  mechanics  of 
iciiid  bodies,  mechanics  of  fluids^  and  mechan- 
ics of  heaty  or  thermodynamics. 

Mechanics  of  solid  bodies  is  subdivided 
again  into  tUUics  and  kmeticSf  or  dynamics, 
as  it  is  conmionly  called. 

Mechanics  of  fiuids  is  subdivided  into 
mechanics  of  air  and  gases,  or  tmeumaHcs, 


and  mechanics  of  liquids.  The  latter  is 
divided  into  hydrostatics  and  hydrokinetics — 
the  common  expression  for  the  last  term 
being  hydraulics,  and,  also,  hydrodynamics. 

Statics  treats  of  the  conditions  of  the  equi- 
librium of  bodies.  Kinetics  or  dynamics 
treats  of  bodies  in  motion  and  the  effects 
they  may  produce. 

Pneumatics  treats  of  the  laws  of  the  pressure 
and  of  the  movement  of  air  and  other  gaseous 
bodies.  Hydrostatics  treats  of  the  equilibrium 
of  liquids.  Hydrokinetics  treats  of  liquids  in 
motion,  and  the  effect  they  may  produce. 
Thermodynamics  treats  of  the  mechanical 
effects  of  heat  on  bodies. 
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H.  Rolfe 

Chains  Oblique  to  Line  of  Pull— Two  Main  Kinds  op  Deterioration— Bad  and  Sus- 
picious Welds — End  Wear — Form  op  Links — Annealing 


IN  THE  last  article  reference  was  made  to 
the  increased  pull  in  the  sidea  of  a  stnd 
link,  due  to  the  link  being  so  distorted 
as  to  throw  the  sides  at  an  angle  with  the 
line  of  pull.  Attention  will  now  be  drawn 
to  a  somewhat  similar  contingency  —  one 
where  the  chain  as 
a  whole  is  inclined 
to  the  line  of  pull. 
This  is  a  matter  very 
frequently  over- 
looked in  using  sling 
chains,  the  fitct  being 
ignored  that  the 
greater  the  angle 
formed  by  the  two 
chains  ac,  dc,  Fig.  1, 
the  greater  will  be 
the  pull  in  them  with 
a  given  load  FT.  If 
we  lift,  say,  4  tons 
by  a  double  chain, 
Fig.  2  (a),  there  will 
be  a  pull  of  2  tons  in 
each  chain,  for  both 
are  parallel  to  the  line 
of  pull.  If,  however, 
we  use  it  as  in  Fig.  2  (6),  the  pull  in  each 
chain  will  bear  the  same  ratio  to  half  the  load 
as  ac  does  to  &c.  Fig.  1.  (Compare  the  case  in 
the  last  article,  page  46. )  Or,  we  can  measure 
ac  and  be,  and  then  multiply  the  half  load 
by  the  former  and  divide  by  the  latter,  to 
find  the  pull  in  the  chain;  or,  again,  if  we 
know  the  angle  acd  made  by  the  two  chains, 

thepullP=  ^^Xiecjacd.    IfTF  =  4ton8, 

and  acd  is  60°,  P  =  2  sec  30*»  =  2  X  1.155 
=  2i  tons,  nearly,  an  increase  of  15}  i>er 
cent.  What  is  here  said  of  the  ordinary 
two-chain  sling  applies,  of  course,  to  slings 
of  more  than  that  number  of  chains.  We 
may  adduce,  as  an  instance  of  chains  being 
thus  spread  out  as  in  Fig.  1,  the  case  of  lift- 
ing rolls  of  lead.  These  are  generally  of  a 
considerable  length,  and  thus,  with  ordinary 
lengths  of  sling,  make  quite  a  laTge  angle 
(see  a,  Fig.  3),  increasing  the  stress  in  the 
chain  considerably. 

The  writer  knew  of  a  case  where  a  man's 
life  was  lost  in  this  way.    The  workman  in 


Fig.  1 


charge  subsequently  admitted,  innocently 
enough,  that  he  had  kept  the  slings  as  short 
as  possible,  owing  to  not  having  much  head- 
room. With  a  straight  lift  (i.  e.,  with  the 
chain  in  line  with  pull )  this  would,  of  course, 
not  matter,  but  in  the  above  caae  the 
effect  was  to  increase  the  stress  in  the  chain 
considerably,  a  &ct  of  which  the  man  in 
charge  was  altogether  unaware.  The  actual 
angle  was  proved  to  have  been  about  115*'; 
thus,  with  a  load  of  3,000  pounds,  instead 
of  having  a  1,500-pound  pull  in  the  chain, 
as  expected  and  provided  for  (assuming 
steady  lift),  there  was  a  pull  of  1,500  X  eec 
57}°,  or  1,500  X  1.86  =  2,790  pounds,  an  in- 
crease of  1,290  pounds,  or  86  per  cent.  The 
fact  that  the  chain  was  rust^  and  the  links 
much  worn  at  the  ends  haid  helped  on  the 
fieulure,  as  was  evident  even  to  the  unprac- 
ticed  eyes  of  the  "twelve  intelligent  men" 
on  the  jury,  on  its  being  pointed  out  to  them 
by  one  of  their  number  who  possessed  rather 
more  acumen  than  the  rest  The  defiective 
state  of  the  chain  induced  the  jury  to  append 
to  the  verdict  a  rider  censuring  the  railroad 


Fig.  2 

company  on  whose  premises  the  accident 
occurred. 

Among  the  very  large  number  of  cranes, 
laige  and  small,  in  use  on  a  laige  nulroad 
system,  there  is  sure,  as  in  the  above  case, 
to  be  great  neglect  if  they  are  left  to  the  care 
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of  the  men  openitiiig  the  cranee.  These 
men  are  ordinary  station  employes,  or,  in 
&ct,  any  one  else  that  happens  to  be  aroond. 
Snch  persons  know  nothing,  and  care  less, 
aboat  mechanical  matters.  What  is  wanted 
is  sapervision  by  a  proper  corps  of  inspectors, 
making  periodical  examinations,  and  with 
instroctions  to  cat  oat  any  link  f  oand  andaiy 
lengthened  or  worn,  or  to  take  any  chain 
oat  of  service  at  their  discretion. 

It  has  been  foand  by  ample  experiment 
that  the  nltimate  strength  of  chains  is,  on  an 
average.  If  times  that  of  the  bar  from  which 
the  links  are  made.  Thus,  the  breaking 
strength  off-inch  roand  iron  is  about  23,000 
poands,  and  that  of  the  link  itself  aboat 
37,000  poands.  Sach  a  chain  may  be  tested 
ap  to  14,500  poands,  and  half  of  this  adopted 
as  the  working  load.  It  is  not  advisable  to 
oae  a  severer  proof  load  than  the  above,  as  it 
woald  permanently  distort  the  links.     The 
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best  coarse  is  to  cot  off  a  portion  of  the 
chain  and  test  it  to  destraction— that  is,  till 
it  breaka 

All  chains  andergo  a  deterioration  that 
may  be  divided  into  two  kinds— visible  and 
invisible,  or  mechanical  and  molecular.  The 
first  kind  of  wear  is  confined  to  certain  parts 
of  the  links,  and  is  readily  perceived  and 
dealt  with.  The  second  is  an  alteration  in 
the  natore  or  structure  of  the  material. 
This  is  not  so  readily  determined,  either  as 
to  Its  mere  existence  or  its  extent 

The  visible  wear  depends  on  the  design  of 
the  chain  and  of  the  parts  it  works  in  contact 
with;  the  second  kind  of  wear  depends  on 
the  nature  of  the  work.  We  have  already 
pointed  out  that  the  links  should  not  be  too 
long  for  the  diameter  of  barrel;  on  the  other 
hand,  the  shorter  they  are,  the  more  welds 
we  shall  have  in  a  given  length  of  chain, 
and,  therefore,  the  greater  chance  of  a  defect 
Also,  we  remarked  on  the  efficacy  of  a  prop- 
erly designed  grooved  pulley;  such  a  one  is 
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much  better  than  a  pulley  with  too  laige  a 
channel  or  race,  because  the  latter  allows 
the  chain  to  roll  about  with  a  very  violent 
motion  under  the  heavy  pull.  This  may 
induce  twists,  besides  wear- 
ing the  chain  away. 

Chains,  new  or  old, 
should  be  examined  for 
twists,  as  such  a  thing 
causes  considerable  wear. 
The  loss  of  material  due 
to  rust  is  also  to  be  con- 
sidered. Where  chains  are 
always  exposed,  as  on  out- 
door cranes,  they  should  be  given  an  occa- 
sional coal-tar  bath. 

Weoften  speak  of  the ''persopal  equation" 
in  connection  with  engineering  matters;  this 
item  enters  largely  into  the  matter  of  chain 
making.  One  link  of  a  chain  or  one  end  of  a 
link  will  often  show  considerably  more  wear 
than  the  other,  although  made  out  of  the 
same  brand  of  iron.  We  are  well  aware 
that  differences  in  strength  and  quality  may 
be  expected,  not  only  in  the  same  brand  but 
even  in  the  same  bar;  differences,  however, 
insufficient  to  account  for  the  variation  in 
wear  that  we  have  often  observed.  The 
cause,  in  fact,  is  either  an  improper  welding 
temperature  or  else  too  much  ^^ 

working  up  on  the  anvU. 
Particular  care  should  be 
taken  not  to  impair  the 
quality  of  the  iron  in  the 
bend  of  the  link,  for  it  is 
here  that  the  wear  is  great- 
est. The  end,  in  fact,  is  the 
critical  part  of  the  link,  not 
only  on  account  of  the  bend- 
ing stresses  in  the  outer  part 
of  the  bend,  but  also  because 
of  the  crushing  and  upset- 
ting of  the  fibers  on  the 
inside  of  the  bend,  which 
latter  effect  renders  the 
metal  less  able  to  stand  the 
severe  pressure  that  comes 
on  it  at  that  point. 

Here  we  may  say  some- 
thing about  defective  welds. 
These  may  be  divided  into 
two  groups:  first,  those  due 
to  the  faulty  temperature  at 
which  the  weld  was  made; 
second,  those  caused  by  dirt  or  scale.  In  the 
first  case,  if  the  temperature  is  not  right,  a  true 
junction  of  the  surfaces  will  not  take  place; 
in  the  second,  the  layer  of  dirt  or  scale 
prevents  the  two  pieces  of  metal  uniting. 
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In  chains,  these  bad  welds  often  escape 
examination,  for,  in  scarfing  the  ends  of  the 
link,  the  surfaces  are  generally  hammered 
more  or  less  hollow,  and  in  these  hollows 
the  dirt  collects,  the  edges,  however,  uniting 
pretty  thoroughly.  The  only  hope  of  dis- 
covering this  state  of  afOsdrs  lies  in  the  tensile 
test;  and  even  then,  consider- 
I  ing  that  only  50  per  cent  of 

the  breaking  strength  is  used 
as  a  proof  test,  there  is  no 
chance  of  detecting  such  links 
if  the  bad  area  is  less  than  50 
per  cent,  of  the  total  section; 
still,  we  can  note  the  extra 
elongation.  A  weld  like  those 
of  the  second  group  is  shown 
in  Fig.  4,  the  dark  part  of 
the  section  showing  where 
the  scale  prevented  metallic 
junction.  The  other  welds 
(belonging  to  the  first  group) 
are  more  easily  detected,  for 
the  low  temperature  prevents 
the  edges  of  the  weld  from 
being  neatly  joined.  How- 
ever, as  is  very  well  known, 
a  bad  joint,  does  not  always 
__  indicate    a    bad    weld,    for 

Fio.  6  when   'the    edges    are    extra 

thin,  a  suspicious  appearance 
is  induced,  since  they  cool  so  mudi  quicker 
than  the  main  body  of  the  joint,  thus  pre- 
venting them  from  uniting  nicely. 

We  have  already  spoken  of  end  wear. 
This  is  due  to  motion  under  heavy  pull, 
unattended  by  proper  lubrication,  and  aggra- 
vated by  exposure — ^inducing  rust.  When 
the  wear  is  extreme  on  both  links,  as  in 
Fig.  5,  the  effect  is  twofold:  the  sectional  area 
is  decreased,  and  the  free  action  of  the  chain 
is  interfered  with — ^the  links  cannot  play 
freely  on  one  another.  A  little  thought  will 
make  our  meaning  apparent  to  any  one  who 
may  never  have  handled  such  a  chain.  This 
intimate  fit  also  prevents  the  grease  or  oil 
from  entering  between  the  surfaces  at  the 
ends  of  the  links.  On  the  other  hand,  when 
chains  are  new,  the  contact  between  two 
links  is  very  small,  and  this  causes  a  very 
great  pressure  per  unit  area,  which  prevents 
oil  getting  in,  or  squeezes  out  what  is  already 
there,  especially  if  the  oil  has  little  body. 

Considering  the  nature  of  the  work  en- 
dured by  chains,  it  is  desirable  that  they 
should  be  able  to  ''give,''  to  a  certain  extent. 
This  elasticity  is  provided  in  two  ways:  firgt, 
by  using  a  ductile  material;  second,  by 
making  the  links  of  a  peculiar  form.     A 


chain  should  stretch  readily  under  its  work- 
ing load,  but  resume  its  original  length  when 
the  load  is  removed.  We  can  see  what  form 
the  links  tend  to  take  under  severe  loads  by 
testing  a  piece  of  chain  to  destruction;  the 
sides  of  the  links  will  approach  each  other 
as  shown  in  Fig.  6,  the  effect  being  more 
noticeable  when  the  links  are  long  and  of 
comparatively  light  section — ^rather  more  so 
than  in  the  figure.  This  effect  has  been 
noticed  in  chains  that  have  been  subject  to 
violent  treatment,  as  in  the  case  of  some 
crane  chains.  Referring  to  the  illustration, 
it  looks  as  if  the  sides  were  trying  to  get  into 
a  position  to  let  the  line  of  pull  A  A  pass 
through  them;  acting  on  this  hint,  we  curve 
the  links  the  other  way  and  make  them  as  in 
Fig.  7.  The  superiority  of  this  over  the  par- 
allel form  will  be  felt  intuitively.  Of  course, 
the  link  must  not  be  too  much  bellied  or  it 
will  not  recover  its  shape  when  the  load  is 
released;  so  we  may  just  as  well  start  with 
only  a  moderate  amount  of  curvature. 

We  have  already  alluded  to  the  process  of 
annealing.  This  should  be  done  properly,  if 
done  at  all.  If  there  is  a  furnace,  the  chains 
may  be  put  in  it  and  heated  slowly,  and  kept 
at  the  proper  heat— about  1,350®  F. — ^for  an 
hour,  then  cooled  off  slowly  in  smiths'  ashes; 
foundry  sand  will  do  as  well.  The  heat 
should,  as  remarked,  be  hot  enough,  but  not 
so  hot  as  to  waste  the  links  by  scaling. 

It  will  be  readily  understood  that  excess 
of  temperature,  high  or  low,  will  affect 
chains.  Excessive  cold  makes  the  chain 
brittle;  therefore,  outdoor  chains  call  for  more 
careful  handling  in  severe  weather.  Also, 
sudden  and  repeated  changes  of  temperature 
are  bad,  and  affect  the  iron  injuriously. 
To  sum  up,  the  life  of  a  chain  depends 
very  largely  on  the  care  with 
which  it  is  used.  In  fixing 
on  the  working  loads,  it 
should  be  remembered  that 
the  larger  the  chain,  that  is, 
the  thicker  the  bar  frt>m 
which  it  is  made,  the  weaker 
is  it  proportionately;  this  is 
partly  due  to  the  fact  that 
the  iron  in  the  lander  sizes  of 
links  is  not  of  such  good  quality.  As  to  end 
wear:  if  a  link,  on  being  calipered,  shows  a 
decrease  of  i  of  the  diameter,  it  will  be  found, 
on  calculation,  that  there  is  a  decrease  of  over 
21  per  cent,  of  the  sectional  area,  which 
means  an  increase  in  the  stress  of  about  27 
per  cent.  So  a  rule  should  be  made  to  con- 
demn a  chain  when  any  of  the  links  show  a 
certain  predetermined  amount  of  wear. 
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Frequency  of  Elbctric  Fires — Precautions  Againot  Fires — Defective  Wiring 


EVERY  now  and  then  we  read  in  the 
public  press  of  some  large  fire  that  has 
been  caused  by  defective  electric-light 
or  power  wiring.    This  was  reported  as  the 
cause  of  the  recent  disastrous  fire  in  PhUa- 
delphia  that  resulted  in  a  large  loss. 

It  may  be  well  to  state  at  the  outset 
that  the  writer  believes  that  many  of  the 
fires  attributed  to  electricity  would,  if  their 
true  origin  were  known,  be  found  due  to 
other  causes.  Electricity  is  a  very  handy 
scapegoat  on  which  to  lay  the  blame  of 
many  fires,  the  origin  of  which  is  uncertain. 
The  public  mind  looks  upon  electricity  as  a 
mysterious  agent  that  is  liable  to  cause  all 
sorts  of  damage,  and  is  willing  to  take  it  for 
granted  that  it  is  the  cause  of  any  fire  that 
cannot  otherwise  be  explained.  The  impres- 
sion has,  therefore,  gone  abroad  through 
the  land  that  electricity  is  very  dangerous 
in  this  respect,  and  the  idea  is  prevalent  that 
a  great  many  more  fires  are  started  from 
electric  wires  than  is  really  the  case.  The 
fact  that  these  wires  are  generally  out  of 
sight  makes  this  view  all  the  more  accept- 
able to  the  public  mind,  because  nobody 
ever  knows  just  how  the  fire  was  started 
and  the  blame  is  laid  on  the  electric  wires 
because  they  are  concealed,  and  nobody 
can  dispute  the  claim  unless  the  true  cause 
of  the  fire  is  discovered  later. 

As  a  matter  of  fact,  electricity  is  the 
safest  means  of  illumination  in  use  today. 
Theaters,  for  example,  are  ever  so  much 
safer  from  fire  than  when  open  gas  jets  were 
used,  and  the  same  is  true  of  factories  and 
even  private  residences.  The  oil  lamp  is 
certainly  not  as  safe  a  means  of  illumination 
as  the  incandescent  lamp.  If  the  accidents 
due  to  lamp  explosions  alone  were  compared 
with  the  fires  really  due  to  electric  wires,  we 
feel  quite  sure  that  electricity  would  not 
snfiTer  by  the  comparison.  There  is  no  doubt 
that  fires  are  caused  by  defective  wiring,  but 
the  number  of  fires  directly  traceable  to  this 
cause  is  not  by  any  means  as  large  as  the 
newspaper  accounts  would  lead  us  to  believe. 
In  faict,  if  poor  wiring  caused  fires  as  easily 
as  many  suppose,  some  towns  would  have 
suffered  severely  by  this  time,  because  the 
wiring  in  many  of  them  has  certainly  been 
very  poor  and  unsafe,  according  to  present 
standards.  The  writer  has  in  mind  a  city  of 
thirty  or  forty  thousand  inhabitants,  in  New 


York  State,  that  was  provided  with  an  elec- 
tric-light plant  in  the  early  days  of  electric 
lighting;  in  factj  it  was  one  of  the  earliest 
plants  installed  by  the  Edison  company,  and 
at  that  time  the  art  of  interior  wiring  was 
not  by  any  means  highly  developed.  The 
plant  was  operated  on  the  Edison  three-Vire 
system,  with  220  volts  between  the  outside 
wires,  and  the  current  was  supplied  through 
Edison  undeiground  tubes,  which,  by  the 
way,  were  always  more  or  less  grounded. 
The  wiring  in  a  great  many  places  was  done 
with  the  old  underwriters'  wire,  insulated 
with  cotton  treated  with  white  lead;  a  type 
of  wire  that  is  now  prohibited  by  the  under- 
writers for  interior  work.  All  the  cut-outs, 
cleats,  switch  boxes,  etc.  were  of  wood,  and 
in  many  places  the  wiring  was  even  run 
around  the  interior  woodwork  with  staples. 
In  fiict,  a  good  deal  of  the  wiring  in  those 
days  was  done  by  men  whose  principal 
business  had  been  putting  up  electric  bells 
and  bui^lar  alarms,  and  they  put  in  electric- 
light  wires  in  muc^  the  same  way  as  they 
had  been  accustomed  to  running  bell  wires. 
Such  wiring  today  would  not  be  dreamed  of, 
but  nevertheless  the  above  plant  supplied 
light  and  jMwer  through  this  wiring  for  over 
ten  years,  and  during  all  that  time  there 
was  only  one  ^le  that  was  traceable  to  the 
defective  wiring,  although  the  conditions  for 
such  fires  were  about  as  favorable  as  could 
be  imagined.  This  example  is  not  to  be 
taken  as  a  defense  for  poor  wiring,  because 
there  is  no  excuse  for  it,  but  it  does  indicate 
that  fires  from  this  cause  do  not  occur  as 
easily  as  some  people  imagine. 

The  fact,  however,  remains  that  fires  have 
been  caused  by  defective  wiring,  and  this  is 
amply  suflcient  to  make  sure  that  all  wiring 
is  carried  out  in  a  proper  manner.  It  would 
be  an  endless  task  to  attempt  to  take  up  all 
the  various  causes  that  may  lead  to  fires  of 
this  kind,  but  if  the  wiring  is  thoroughly 
well  installed  there  is  very  little  likelihood  of 
such  fires  occurring,  so  far  as  the  wiring  itself 
is  concerned.  The  best  general  rule  that 
can  be  given  as  a  guide  to  safe  wiring  is  to 
follow  the  rules  of  the  National  Board  of 
Fire  Underwriters.  These  rules  have  been 
carefully  prepared,  and  to  many  men  they 
seem  in  some  respects  to  be  too  harsh  and 
exacting,  but  they  have  been  carefully 
drawn  up  with  a  view  to  securing  safety, 
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and,  if  followed,  will  lead  to  good  reenlts. 
There  are  a  namber  of  different  systems 
that  can  be  used  for  wiring  a  building,  the 
safest  of  which  is  probably  that  where  the 
wires  are  ran  in  an  iron  conduit.  This,  how- 
ever, is  expensive  to  install,  and  can  only  be 
used  in  high-class  buildings  where  the  addi- 
tional expense  is  warranted.  For  ordinary 
concealed  work  the  wire  is  usually  run  on 
porcelain  knobs  between  the  beams,  or 
passes  through  them  in  the  porcelain  tubes. 
If  a  good  quality  of  rubber-covered  wire  is 
used  and  installed  throughout  in  accordance 
with  the  underwriters'  rules,  this  style  of 
wiring  is  perfectly  safe,  and  is  comparatively 
cheap  to  install.  One  i>oint  that  is  looked 
after  too  little  is  the  making  of  joints.  Very 
often  these  are  imperfectly  made,  not  even 
soldered,  and  then  covered  with  a  rough 
wrapping  of  tape.  It  is  a  common  thing  to 
see  great  care  exercised  in  the  choice  of  a 
good  covered  wire,  and  then  very  little  atten- 
tion paid  to  the  way  in  which  the  joints  are 
insulated.  It  goes  without  saying  that  the 
insulation  at  the  joints  should  be  equal  to 
that  of  the  rest  of  the  wire.  Joints  are  often 
wrapped  over  with  tape  while  they  are  wet 
with  acid,  whereas  they  should  be  perfectly 
dry  before  being  wrapped,  and  add  should, 
preferably,  not  be  used  for  soldering.  A 
resin  flux  is  much  better. 

Another  thing  to  look  out  for,  in  order  to 
secure  a  safe  job,  is  the  judicious  use  and 
location  of  cut-outs.  In  many  installations 
there  is  but  one  ftise  box— that  where  the 
wires  enter  the  building— whereas  the  under- 
writers' rules  call  for  a  cut-out  wherever 
there  is  a  change  in  the  size  of  the  wire, 
unless  the  fuse  in  the  main  cut-out  does  not 
exceed  the  carrying  capacity  of  the  smaller 
wire.  All  cut-oats  should  be  placed  where 
they  may  be  readily  examined,  and  not  over 
the  top  shelf  of  some  dark  doeet  or  in  some 
inaccessible  portion  of  the  cellar,  as  is  too 
frequently  the  case.  Moreover,  cut-outs 
should  not  be  fused  up  with  copper  wire 
when  the  fuse  persists  in  blowing. 

Another  point  to  look  out  for  in  putting 
up  wire,  especially  Noe.  12  or  14,  is  to  take 
care  that  the  wire  does  not  become  kinked. 
Even  if  these  kinks  are  straightened  out  the 
wire  may  be  cracked  if  it  is  not  of  good  soft 
quality.  Fires  have  resulted  from  broken 
wires  of  this  kind.  One  instance  occurred 
on  a  Hudson  River  ferry  boat.  The  No.  14 
wire  was  run  in  molding  and  had  evidently 
become  kinked  in  putting  up.  Straighten- 
ing out  the  kink  had  cracked  the  wire,  but 
this  was  not  noticed  on  account  of  the  insula- 


tion holding  the  ends  tightly  together.  The 
vibration  of  the  boat,  however,  worked  the 
ends  apart  in  time,  with  the  result  that  an 
arc  was  formed,  setting  the  insulation  on  fire 
and  burning  a  hole  through  the  molding. 
This  fire  was  at  once  discovered  and  put  out, 
but  it  shows  that  a  small  thing  like  this 
might  be  the  means  of  starting  a  bad  fire; 
moreover,  this  is  a  defect  i^^ainst  which  the 
cut-oats  give  no  protection,  because  the 
normal  current  would  set  up  an  arc  large 
enough  to  start  a  fire. 

As  regards  power  circuits,  the  rules  of  the 
underwriters  should  be  carried  out  as  care- 
fully as  in  the  case  of  lighting  circuits;  in 
fiM^  even  greater  care  should  be  exercised, 
because  usually  both  the  current  and  voltage 
to  be  handled  are  laiger.  Every  motor 
shoulil  be  equipped  with  an  automatic  over- 
load and  no-voltage  starting  box.  It  is  also 
desirable  that  they  should  be  equipped  with 
an  automatic  circuit  breaker,  which  is  now 
compulsory  in  some  places. 

After  all,  the  greatest  safeguard  against 
fires  is  thoroughly  good  work,  with  intelli- 
gent supervision  and  inspection.  If  some 
uniform  system  of  inspection  were  adopted, 
so  that  all  contractors  would  have  to  do  the 
same  quality  of  work,  taiuch  better  results 
would  follow.  In  some  places  the  work  is 
not  tested  or  inspected  until  it  is  all  covered 
up  and  therefore  the  good  work  looks  no 
better  than  the  bad.  People  are  continually 
wanting  all  sorts  of  switching  arrangements 
and  other  conveniences  in  connection  with 
their  electrical  outfit,  without  being  willing 
to  stand  the  additional  expense.  Competi- 
tion in  the  wiring  business  is  very  keen,  and 
the  temptation  to  slight  the  concealed  work 
is  strong.  Nevertheless,  electrical  installa- 
tions are  improving  every  day;  the  fittings 
now  used  are  vastly  superior  to  those  of  a 
few  years  ago,  and  there  is  no  reason  why, 
at  present,  a  good  safe  job  of  wiring  cannot 
be  done  at  a  reasonable  cost.  In  conclusion, 
it  might  be  well  to  call  attention  to  the  £Eu;t 
that,  no  matter  how  well  a  system  may  be 
installed  originally,  it  is  bound  to  give  trouble 
and  perhaps  lead  to  serious  results  if  the 
owners  will  persist  in  overloading  it.  It  is  an 
easy  matter  to  keep  adding  a  few  lamps  here 
and  there  until  something  breaks  down,  and 
then  the  wiring  is  blamed  for  some  fire 
because  it  is  trying  to  take  care  of  a  load  for 
which  it  was  never  designed.  Let  every 
wireman  follow  the  underwriters'  rules,  if 
not  to  the  letter,  at  least  in  spirit,  and  fires 
due  to  electrical  causes  will  be  even  less 
frequent  than  they  are  now. 
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MAKING  BLUE  TRANSPARENCIES 


Francis  Douglas 


Method  op  Prbparinq  the  Plates — ^A  New  Use  fob  Spoiled  Dry  Plates 


ONE  of  the  many  mterestiiig  experiments 
in  modem  photography  is  that  of 
making  blue  transparencies.  So  simple 
and  inexpensive  is  the  process  that,  when 
onoe  known,  it  is  certain  to  become  nsefal 
as  well  as  popular  with  those  ihterested  in 
the  photographic  art.  The  process  solves 
the  problem  of  utilizing  discarded  negatives, 
light-stmck  plates,  and  exposed  plates  that 
have  not  been  developed.  By  the  method 
to  be  explained,  these  plates  can  be  used 
again  with  the  most  satisflEustory  results. 

First,  thoroughly  cleanse  the  negative 
plates  by  soaking  them  tot  24  hours  in  a 
solution  of  washing  soda,  using  2  ounces  of 
the  soda  to  1  quart  of  water;  then  remove 
any  remaining  film,  by  the  use  of  an  old 
tooth  brush.  Place  the  plates  in  hot  water 
to  which  has  been  added  1  ounce  of  hydro- 
chloric acid  to  the  gallon,  or  in  that  pro- 
portion, and  let  them  soak  for  an  hour; 
after  which  put  them  in  clean  hot  water  for 
the  same  length  of  time  and  they  are  then 
ready  to  be  placed  in  the  rack  to  dry.  After 
the  plates  are  perfectly  dry  roughen  the 
edges  of  the  face  of  each  plate  by  rubbing 
with  an  emery  stick.  The  face  of  the  plate 
is  the  side  on  which  the  gelatine  is  to  be 
poured,  and  the  edges  thus  roughened  will 
prevent  the  gelatine  fix>m  frilling  when  it 
begins  to  set.  The  next  step  is  to  prepare 
the  gelatine. 

Soak  i  ounce  of  pure  gelatine  in  5  ounces 
of  water;  put  the  mixture  in  a  glass  bottle, 
and  immerse  in  hot  water,  at  a  temperature 
of  about  120^  until  melted;  strain  through  a 
clean  muslin  cloth,  rebottle,  and  again  im- 
merse in  hot  water  to  keep  the  gelatine  at 
the  required  temperature  of  120"^.  Now 
warm  one  of  the  plates,  and  rub  the  face 
with  a  piece  of  chamois  to  remove  all  par- 
tidee  of  dust;  place  the  plate,  face  upwards, 
on  the  fingers  and  thumb  of  the  right  hand, 
and,  with  the  left,  pour  from  the  bottle 
about  a  tablespoonAil  of  the  gelatine  for  a 
y^  X  ^^  plate.  Incline  the  plate  from  side 
to  side  until  the  entire  surface  is  covered 
with  the  gelatine;  then  place  on  a  level 
board  until  the  gelatine  sets.  It  is  a  good 
plan  to  mark  the  face  of  the  plate  in  one 
comer,  as  it  is  difficult  to  distinguish  the 
gelatined  side  when  dry. 


Plates  that  have  been  exposed  but  not 
developed,  those  that  are  '^ight-strack,*' 
and  those  that  are  unexposed  will  not  re- 
quire the  gelatine  process,  but  should  be 
*'  fixed  *'  in  the  usual  way;  that  is,  by  soak- 
ing them  in  hyposulphite  of  soda,  and  then 
washing  and  drying.  The  making  of  the 
blueprint  solution  must  now  be  considered. 
Dissolve  in  a  bottle  120  grains  of  citrate  of 
iron  and  anmionia  in  1  ounce  of  water; 
in  another  bottle  dissolve  80  grains  of  ferri- 
cyanide  of  potassium  (red  pmssiate  of  potas- 
sium) in  1  ounce  of  water.  Strain  each 
solution  separately,  and  mix  equal  parts  of 
each.  This  mixture  must  be  used  at  once, 
as  it  is  worthless  after  standing  for  two  or 
three  hours.  By  gaslight,  put  this  solution 
in  a  tray;  place  the  plate  fiEu^e  downwards  in 
the  liquid,  and  be  carefhl  not  to  allow  the 
solution  to  run  over  the  back  of  the  plate. 
Hold  the  plate  in  this  position  for  two  or 
three  seconds,  and  then  dry  in  the  dark. 

These  plates  are  now  sensitized  and,  if 
kept  perfectly  light-tight,  will  last  for  about 
two  weeks.  In  printing,  treat  each  plate  as 
if  it  were  a  sheet  of  blueprint  paper,  placing 
the  film  side  down  on  the  negative  from 
which  a  transparency  is  to  be  made.  When 
printing  from  a  thin  negative  in  the  bright 
sunlight,  place  a  piece  of  white  tissue  paper 
over  the  printing  frame,  to  subdue  the  light; 
but  when  using  a  dense  negative  this  will 
not  be  required.  Print  until  the  plate  be- 
comes a  dingy  yellow  color,  then  remove 
the  plate  and  wash  thoroughly. 

When  mounting  the  transparencies  thus 
made  place  the  rough  surface  of  a  piece  of 
ground  glass  against  the  film  side  of  the 
transparency.  This  gives  protection  to  the 
film  and  furnishes  the  necessary  background 
to  the  picture.  Stereopticon  slides  may  also 
be  made  from  these  transparencies  by  the 
use  of  yellow  transparent  paint.  This  paint 
should  be  applied  on  the  cover  glass  wher- 
ever a  green  efiect  is  desired  in  the  picture. 

After  the  paint  is  dry,  place  the  film  side 
of  the  plate  and  the  painted  side  of  the  cover 
glass  together,  bind  them  with  ordinary 
gummed  paper  used  for  this  purpose,  and 
the  slide  is  ready  for  use.  If  these  direc- 
tions are  carefully  followed  the  results  will 
be  most  pleasing. 


Ill 


Digitized  by 


Google 


USEFUL  IDEAS 


AN  INBXPBN8IVB  BACKINQ-OPF  TOOL 

Gto.  Predcrichaen^  Chicago,  III. 


The  followinq  method  for  backing  ofi 
milling  cutters,  although  necessarily  slow, 
is  very  satisfactory  and  recommended  for 
small  tool  rooms,  where  machinery  is  limited 
to  a  lathe  and  milling  machine.  The  method 
is  simply  the  use  of  the  lathe  as  a  shaper,  so 
to  speak,  and  requires  a  simple  tool,  consist- 
ing of  the  following  parts:  a  mandrel  A,  upon 


which  the  milling  cutter  £  to  be  backed  off  is 
firmly  held  by  a  nut  C.  The  centers  of  the 
mandrel  are  not  in  line  with  its  axis,  so  that 
turning  the  mandrel  with  cutter  on  it,  on 
the  lathe  centers,  it  will  throw.  A  lever  L  is 
the  other  piece  of  the  mechanism.  This 
lever  has  a  projection  I,  upon  which  slides  a 
slotted  piece  D,  held  in  position  by  a  thumb- 
screw E.  By  depressing  the  piece  D  down 
between  two  teeth  of  the  cutter  and  tight- 
ening E,  the  whole  arrangement  is  made  one 
piece,  and  by  turning  the  handle  of  lever  L 
in  the  direction  of  the  arrow,  one  tooth 
may  be  backed  off.  After  this  the  piece 
D  is  inserted  one  notch  farther  and  the 
second  tooth  backed  off,  and  so  on. 


TRANSFORMER  TESTING 
*f .  E.  Wo^enden,  Salem,  Va. 

I  HAVE  found  by  experience  that  it  will 
pay  any  lineman  or  superintendent  of  a  cen- 
tral station  to  test  every  transformer  immedi- 
ately before  pilacing  it  in  circuit  on  a  pole. 
The  following  tests  I  have  found  to  be  suf- 
ficient and  easily  carried  out:  First,  con- 
nect the  wires  of  a  magneto  to  the  two 
primary  terminals;  if  the   magneto  rings. 


disconnect  one  of  the  wires,  and  place  it 
against  the  transformer  case;  if  the  magneto 
rings  again,  the  primary  coil  is  grounded 
on  the  core,  and  should  not  be  placed  in 
circuit. 

The  secondary  winding  should  then  be 
tested  for  continuity  and  insulation,  just  as 
the  primary  was  tested.  If  it  is  in  good 
order,  connect  one  terminal  of  the  magneto 
to  one  of  the  primary  wires,  and  the  other 
to  one  of  the  secondary  wires.  Connected 
thus,  the  magneto  should  not 
ring;  but  if  it  does,  it  is 
evident  that  there  is  a  break- 
down in  the  insulation 
between  the  primary  and 
the  secondary.  In  this  con- 
dition, the  transformer 
should,  of  course,  not  be 
used. 

I  found  in  one  case  that 
the  wire  firom  coil  to  con- 
jiii]jf^*  nection  block  had  been 
^  broken  in  transportation, 
and  in  another  case  one  of 
the  secondaries  had  come  loose.  Had  I  tested 
them  before  placing  them  on  the  pole  I 
would  have  been  saved  considerable  trouble. 


A  FROQ  PROTRACTOR 

Theo.  P.  Perkins,  Lynn,  Mass. 

Draftsmen  in  railway  offices  spend  much 
time  making  designs  for  '* track  layouts"  of 
various  kinds,  such  as  passing  tracks,  coal 
tracks,  passenger-car  storage,  freight-classifi- 
cation yards,  etc.  This  is  a  condition  that 
will  prevail  more  and  more,  because  the 
habit  of  trying  things  on  paper  before  build- 
ing them  is  gaining  ground  in  nearly  every 
department  of  constructive  industry;  often 
from  two  to  four  different  designs  for  the 
same  yard  will  be  made  for  the  powers  that 
be  to  choose  frt>m. 

In  making  such  designs,  it  is  necessary  to 
lay  off  a  great  many  frog  angles,  as  eveiy 
turnout  has  its  frog.  Where  the  track  is 
straight  it  is  an  easy  matter  to  lay  out  the 
frog,  but  where  it  is  curved  some  ingenuity 
is  necessary;  the  tangent  must  first  be  found 
and  the  frog  angle  laid  off  from  that.  As 
the  work  requires  many  repetitions  of  laying 
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off  the  same  angles,  it  calls  for  a  labor-saving 
device,  and  here  it  is: 

Take  a  piece  of  transparent  celluloid — 
"amber"  they  call  it  at  the  stores— thick 
enough  to  keep  its  shape.  Scratch  the  line 
AB  A  quarter  of  an  inch  or  so  fix>m  one 
straight  edge,  and  parallel  with  it,  as  shown 
in  the  figure.  Divide  this  line  into  some 
even  number  of  equal  parts,  by  short  cross- 
lines,  and,  from  the  central  point  X,  strike 
two  arcs  A  F&nd  B  K,  using  the  same  radius 
for  both.  Cut  the  celluloid  on  these  arcs, 
and  then  lay  off,  from  the  two  ends  of  the 
line  ABj  using  the  point  X  as  the  angle 
point,  the  proper  angles  for  the  frog  num- 
bers desired.  Five  are  shown  on  the  sketch, 
the  angles  being  somewhat  exaggerated. 
Some  would  want  more,  but  the  tendency 


seems  to  be  to  get  along  with  as  few  standard 
frogs  as  is  practicable.  Number  these  lines 
with  reversed  figures,  in  order  that  the  num- 
bers will  read  aright  when  the  graduated 
side  of  the  protractor  is  placed  contiguous  to 
the  paper.  Finish  the  remainder  of  the 
celluloid  strip  to  taste,  removing  most  of  the 
useless  material. 

The  accompanying  drawing  shows  how  to 
use  it  on  a  curved  track.  Set  the  point  X 
over  the  proposed  frog  point  on  the  plan, 
and  swing  the  protractor  until  the  line  A  B 
becomes  tangent  to  the  curve,  which  may 
be  determined  by  noting  when  the  ofiisets, 
from  the  line  A  B  to  the  curve  at  equal  dis- 
tances from  Xf  are  equal.  Hold  it  in  this 
position  while  you  make  a  pencU  mark  or 
needle  hole  at  the  proper  point  on  the  arc, 
then  draw  a  line  from  this  point  to  X,  which 
line  will  represent  one  side  of  the  frog. 
The  manner  of  using  it  on  a  straight  track 
requires  no  explanation. 

A  CONVBNIBNT  DRAWING  BOARD 


V.  C.  S.,  Canton,  Ohio 


1  0B8ERV8D  in  SaaNCK  AMD  Industry, 
January,  1900,  an  account  of  a  cheap  draw- 
ing board,  and  along  the  same  lines  I  beg  to 
offer  the  following  sketches  and  explanation 
of  a  board  that  might  be  useful  to  a  student, 
because  it  can  be  folded  up  and  put  in  a 


comer  when  not  in  use.  This  board  can  be 
adjusted  to  any  angle,  which  enables  the 
draftsman  to  avoid  the  tiresome  and  un- 
healthfhl  position  necessary  when  drawing 
on  a  horizontal  board. 
I   took    a   common    17^^X21'^   drawing 


^^....c^y^jga ^'/ 


board  and  nailed  a  strip  of  wood  a  along 
each  end.  Two  pieces  c  are  grooved  to  fit 
over  the  strips,  and  do  not  extend  up  far 
enough  to  interfere  with  the  T  square.  The 
grooved  strips  c  are  fastened  together  with 
the  braces  h,  and  each  is  provided  at  the 
bottom  with  a  hinge  fastening  it  to  the  box  d. 
This  box  serves  both  as  a  solid  base  and  as  a 
receptacle  for  books,  inks,  and  drawing 
instruments.  The  board  is  adjusted  and 
kept  in  place  by  the  iron  bars  e,  which  are 
fastened  to  the  strips  c,  and  are  provided 
with  holes  that  fit  over  projecting  pins  in 
the  side  of  the  box  d.  The  board  is  kept 
from  sliding  too  freely  in  the  grooves  by 
means  of  a  wedge  at/. 

NAILING  INTERIOR  TRIM 


J.  R.  S..  Stonington,  Conn. 

The  method  I  use  to  nail  or  screw  interior 
trim  so  as  to  hide  the  nail  heads,  while  not 
a  novelty,  may  be  new  to  some.  Where  the 
nail  or  screw  is  to 
be  placed  I  raise  the 
wood  with  a  sharp 
gouge,  as  in  the 
accompanying 
sketch,  and  drive 
the  nail  or  screw 
home,  then  fold 
the  chip  back  in 
place  and  secure  it 
with  glue.  If  the 
job  is  properly 
done,  it  is  almost 
impossible  to 
detect  the  place 
where  the  wood 
was  disturbed. 

[This  method  can  be  employed  very  suc- 
cessfully in  the  shop,  where  the  glue  can  be 
applied  hot,  but  cannot  be  recommended  in 
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the  building,  as  the  glue  is  liable  to  chill 
before  it  can  be  applied,  unless  a  specially 
prepared  glue  is  used. — Ed.] 

HOLDER  FOR  INK  ERASER 


H.  M.  Chadwick,  Maiden,  Mass. 

A  VRBY  cheap  and  effective  holder  for  an 
ordinary  Faber  ink  eraser  can 
be  made  from  a  common  clothes- 
pin by  cutting  down  the  legs 
to  within  about  2  inches  of 
the  end  of  the  slot,  and  bolt- 
ing the  eraser  between  the  two 
stumps  with  an  |-inch  bolt 
having  a  washer  on  each  end. 
pirill  the  hole  with  a  twist  drill, 
to  avoid  splitting  the  wood. 
Any  draftsman  has  but  to  try 
this  scheme  to  become  con- 
vinced   of   its    superiority   to 

the  every-day  thumb-and-finger  method  of 

holding  the  ink  eraser. 


A  COMBINATION  SCRATCH  AWL  AND 
KNIFE 

J.  W.  Wo{fenden,  NaahvtUe,  Tenn, 

I  SEND  you  a  sketch  of  a  useful  little  tool 
that  I  made  for  myself,  hoping  that  it  might 
interest  readers  of  your  Useful  Ideas  col- 
umn. Every  woodworker  knows  that  he 
can  make  a  cleaner  line  across  the  grain  of 
wood  with  a  knife  edge  than  with  a  scriber 
point.  He  also  knows  that  it  is  somewhat 
difficult  to  get  a  knife  blade  to  follow  a 
straight  edge  when  he  is  marking  with  the 


grain,  and,  in  that  case,  he  would  use  a 
point.  As  the  drawing  shows,  this  tool  is 
always  ready  for  use  in  either  case,  and  it  is 
also  handy  as  a  bench  knife.  The  steel  is  of 
one  piece  and  extends  through  the  wooden 
handle.  A  screw  might  be  provided,  if 
necessary,  to  secure  the  blade  from  slipping 
through  the  handle. 

AN  ADJUSTABLE  LADDER  AND  FIXTURES 

A.  Ct  Santa  Ro8a,  Cal. 

Some  of  your  readers  may  be  interested  in 
the  adjustable  ladder  shown  in  the  accom- 
panying sketch.  In  working  around  a 
building,  it  is  often  necessary  to  block  up 
one  leg  of  a  ladder  to  make  it  set  plumb— an 
operation  that  is  often  far  from  satisfactory 
to  the  man  whose  duty  it  is  to  mount  the 


ladder.  A  good  device  that  will  do  away 
with  this  necessity  is  shown  at  (a)  in  the 
accompanying  illustration.  The  side  of  the 
leg  and  the  extension  piece  c  are  either 
notched  or  provided  with  iron  racks.  The 
extension  leg  is  placed  at  the  desired  length 


and  clamped  by  means  of  wedges  h  Inserted 
under  the  bands  a. 

At  (6)  is  shown  a  steel  hanger  to  be 
suspended  from  the  rounds  of  a  ladder;  this 
provides  support  for  a  plank  running  parallel 
to  the  rounds  of  the  ladder. 


BELL-CALL  INDICATOR 

James  P.  Lough,  New  York,  N.  Y. 

TfiB  following  idea,  though  extremely 
simple,  is  quite  effective  in  attracting  atten- 
tion to  telephone  calls  in  busy  and  noisy 
offices,  or  where  a  number  of  telephones  are 
placed  side  by  side,  as  in  the  New  York 
stock  exchanges.  Take  a  piece  of  stiff  white 
cardboard  about  7  inches  long  and  4  inches 
wide,  and  cut  into  the  shape  shown  in  the 
illustration.  Cut  a  slot  ^  inch  wide  and 
about  5  inches  long.  At  B  ^ — ^s^ 
two  notches  are  indicated, 
which  are  to  be  cut  as  shown, 
the  opening  being  large 
enough  to  slip  over  the 
hammer  of  the  telephone 
bells.  Now  remove  one  of 
the  bells  and  slip  the  card- 
board drop  over  the  ham- 
mer and  replace  the  bell. 
To  set  the  drop,  lift  it  far 
enough  to  cause  one  of  the 
notches  to  rest  on  the  ham- 
mer arm.  This  will  put  the  | 
drop  in  a  position  not  truly 
vertical,  and  when  the  bell 
is  rung  the  drop  will  fall  and  indicate  that 
the  bell  has  been  rung. 
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SOUVENIR  PACKING  TOOL 

With  all  orders  received  during  the  month 
of  March  the  Mound  Tool  and  Scraper  Co., 
712  Howard  Street,  St.  Louis,  Mo.,  are  giving 
a  neat  souvenir  packing  tool.  They  will 
also  be  pleased  to  send  their  circular  to  any 
interested  Im  tools  who  will  send  their 
address. 

THE  COLUMBIA  X  CALIPERS 

E.  G.  Smith,  Columbia,  Pa.,  has  gotten 
out  a  new  design  of  his  well-known  calipers 
that  appears  to  be  a  signal  improvement. 
Instead  of  employing  the  usual  thumbscrew 
for  fiEwtening  the  sliding  head  in  position,  he 
uses  a  small  eccentric  and  suitable  lever 
placed  in  the  most  advantageous  position. 
This  change  makes  the  calipers  very  con- 
venient for  the  pocket,  as  it  incidentally 
reduces  their  size.  Besides,  there  is  no 
screw  to  be  lost,  or  to  catch  when  taking  the 
calipers  out  of  the  i>ocket. 

ANNIVERSARY  NUMBER 


We  have  received  the  special  anniversary 
number  of  ''The  Blacksmith  and  Wheel- 
wright," issued  in  cdebration  of  its  twen- 
tieth anniversary.  This  issue  is  a  very 
creditable  production,  and  full  of  good 
matter  from  cover  to  cover.  While  devoted 
primarily  to  the  interests  of  the  blacksmith 
and  wheelwright,  a  few  judiciously  selected 
articles  on  matters  of  more  general  interest 
add  greatly  to  the  value  of  this  issue. 
Having  lived  one  score  of  years,  we  wish 
that  our  contemporary  may  attain  to  the 
full  Biblical  span  of  life,  three  score  and  ten, 
and  more.  

SELF-CLOSING  DOORS 

Thrkb  objections  have  combated  the 
more  general  use  of  self-closing  doors; 
viz.,  appearance,  first  cost,  and  the  cost 
of  maintenance  of  hardware  necessary  to 
properly  equip  them.  The  luxury  of  such 
doors  is  self-evident,  but,  in  public  and 
office  buildings  where  there  is  a  great  deal 
of  traffic,  they  have  become  a  necessity. 
There  is  also  a  growing  demand  for  them 
in  household  service,  so  that  every  improve- 
ment that  ofbets  the  primary  objections 
is  welcomed.  We  note  that  The  Easy 
Spring  Hinge  Company,  of  Shelby,  Ohio,  Ui 
now  ready  to  put  on  the  market  a  double- 
acting  spring  hinge  that  bids  fair  to  meet 


with  much  favor  among  architects,  con- 
tractors, and  builders.  The  meritorious 
points  in  the  easy-spring  hinge  are  its 
simplicity  of  construction,  ease  of  appli- 
cation, and  reasonable  cost.     A  door  can 


Fio.  1 

be  hung  on  this  hinge  as  quickly  as  on  a  pair 
of  common  butts,  and  if  the  door  does  not 
register,  that  is,  stop  in  the  center,  it  can 
be  adjusted  by  a  setscrew  without  being 
taken  down.  The  tension  of  the  spring 
is  easily  regulated  by  a  screwdriver.  One 
of  the  principal  advantages  of  the  hinge 
is  that,  owing  to  its  construction,  the  outer 


FlQ.  2 


edge  of  the  door,  without  being  rounded, 
can  be  fitted  tight  against  the  jamb,  making 
it  especially  desirable  for  dining-room  doors 
by  preventing  the  entrance  of  fumes  from 
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BOOK  NOTICES 


the  kitchen.  It  is  claimed  that  outside 
doors  hung  on  this  hinge  will  not  blow 
open.  The  door  will  not  sag,  nor  will  the 
hinges  squeak.  The  hinge  is  made  with 
or  without  a  device  that  holds  the  door 
when  fully  opened,  and  it  requires  but 
the  slightest  touch  to  start  it  to  shut  when 
thus  held  open.  The  door  will  not  pass 
the  center  when  it  springs  back  in  place. 
Fig.  1  shows  a  section  of  a  door  stile  and 
a  jamb  with  the  parts  of  the  easy-spring 
hinge  attached;  in  Fig.  2  is  shown  the 
hinge  complete,  with  the  cover-plate  on 
the  door  stile,  which  gives  a  dear  idea 
of  the  neatness  and  compactnee?  of  the 
appliance.  The  easy-spring  hinge  is  made 
in  many  styles  and  in  all  sizes,  and  should 
be  seen  to  be  appreciated. 

BOOK  NOTICES 

Stsam-Enginb  Thboby  and  Practicb.  By 
William  Ripper,  Professor  of  Engineering  in 
the  University  College  of  Sheffield.  Long- 
inauH,  Green  &  Co.,  London,  New  York, 
and  Bombay.    Price,  $2.50. 

This  book  was  written  primarily  as  a 
textbook  for  the  use  of  college  students, 
and  the  author  assumes  that  the  reader  has 
had  the  usual  undergraduate  training  in 
mathematics  and  mechanics.  The  greater 
part,  however,  is  so  written  that  it  can  be 
easily  read  by  ,any  one  having  a  knowledge 
of  the  elementary  principles  of  algebra  and 
trigonometry.  The  steam  engine  is  con- 
sidered as  a  beat  motor,  and  the  plan  of 
treatment  is  a  presentation  of  the  theory 
of  the  various  systems  and  devices  fur 
improving  engine  economy,  together  with 
modem  practice  in  their  application.  la 
accordance  with  this  plan,  there  are  chapters 
on  the  thermodynamics  of  gases  and  the 
properties  of  steam;  these  are  accompanied 
by  an  explanation  of  temperature-entropy 
diagrams  and  their  application  to  problems 
pertaining  to  the  steam  engine.  With  these 
as  a  foundation,  the  theoretical  advantages 
of  compounding,  superheating,  steam  jacket- 
ing, condensers,  feedwater  heaters,  and 
various  methods  of  governing  are  discussed, 
and  their  practical  application  explained  and 
illustrated.  This  is  done  in  a  manner  that 
will  be  interesting  and  instructive  to  the 
practical  steam-engine  designer  as  well  as 
to  the  student  of  steam-engine  theory. 

The  mechanical  theory  of  the  effect  of  the 
inertia  of  reciprocating  parts  on  smooth  run- 
ning, balancing,  and  the  action  of  governors 


and  flywheels  is  given  an  amount  of  space 
commensurate  with  its  importance  to  a  work 
of  this  nature.  A  few  of  the  leading  modem 
English  types  of  the  steam  engine,  as  applied 
to  stationary,  locomotive,  and  marine  prac- 
tice, are  described,  and  serve  as  good  illus- 
trations of  the  practical  application  of  the 
principles  discussed.  A  few  standard  exam- 
ples of  modem  engine  details  are  also  pre- 
sented. These  will  serve  a  useful  purpose  as 
suggestions  to  students  and  young  designers, 
but  they  will  not  be  of  much  value  to  the 
practical  designer  of  engine  details.  The 
author  has  drawn  fireely  from  recent  articles 
and  papers 'that  have  appeared  in  the  tech- 
nical press  and  in  the  proceedings  of  engi- 
neering and  scientific  societies.  His  purpose 
seems  to  have  been  to  present  the  latest  and 
most  useful  developments  in  the  theory  of 
the  steam  engine  for  the  benefit  of  students 
of  steam  engineering.  In  this  he  has  suc- 
ceeded admirably;  and  has,  at  the  same  time, 
produced  a  work  that  will  be  a  valuable  addi- 
tion to  the  practical  steam-engineer's  library. 

The  Metric  SvsTEai  of  Weights  and 
Measures.  Issued  by  the  Hartford  8team- 
Boilt-r  Inspection  and  Insurance  Company, 
Hartfonl,  Conn.  196  pages,  3J  in.  X  Sf  in. 
Prii-e,  11.26. 

It  must  be  sorrowfully  confessed  that  very 
little  success  has  hitherto  attended  the 
efforts  made  to  deliver  us  from  what  Lord 
Kelvin  justly  describes  as  the  brain- wearying 
and  intellect-destroying  system  of  weights 
and  measures  in  use  among  English-speak- 
ing people.  In  our  domestic  afi^rs  we  may 
persist  in  refusing  to  adopt  the  metric  system 
as  long  as  we  please,  but  our  trade  with 
nations  that  use  metric  measures  is  steadily 
increasing,  and,  in  manufacturing  articles 
for  this  trade,  we  have  no  option  but  to 
use  these  measures.  Moreover,  the  metric 
S3rstem  is  used  in  nearly  all  foreign  scientific 
publications,  and  is  being  more  and  more 
employed  in  the  best  English  and  American 
books.  Under  these  circumstances^  a  set  of 
tables  for  reducing  metric  units  to  their 
American  equivalents  is  almost  indispensa- 
ble. The  very  convenient  pocket  volume 
under  review  is  most  admirably  arranged 
for  facilitating  these  necessary  reductions, 
and  will  prove  an  invaluable  vade  meeum 
for  engineers  and  other  scientific  workers. 
The  fact  that  the  tables  have  been  computed 
by  Mr.  A.  D.  Risteen,  associate  edit  ir  of 
''  The  Locomotive,"  is  a  sufiident  guarantee 
of  their  truetworthinesp. 
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Note.— ilddreu  oU  letters  containing  questions  to  be 
ansteered  in  this  department  to  SciSMCS  and  Indubtry, 
ScnmUm^  Fa. 

1.  Put  this  address  both  on  the  envelope  and  at  the 
head  qf  the  letter. 

f .  Only  questions  qf  general  interest  to  our  readers 
wQl  he  answered. 

S.    A'o  questions  will  be  answered  by  mail. 

L  Drawings  or  sketches  accompanying  qiuaiti'ms  should 
be  nuute  on  a  separate  sheet  qf  paper,  and  should  be 
drawn  as  clearly  as  possible. 

5.  The  mimes  and  addresses  (4  the  writers  must 
nreomptmy  the  letters,  or  no  attention  will  be  paid  to 
them.  Unless  otherwise  requested,  we  will  publish  only 
the  initials  and  address  qf  the  writer 

6.  R^erenee  to  inquiries  previously  ansioered  should 
ffite  diUe  qf  issue  and  number  qf  question. 

7.  Questions  cannot  be  answered  in  the  issue  of  t/te 
month  immediately  foUounng  their  receipt 

3.  Any  book  not  out  qf  print  and  for  sile  by  regular 
dealers  may  be  ordered  through  the  magazine. 


(71)  Please  give  a  diagram  for  connecting  electric 
elevator  motors.  R.  B.  P.,  Washington,  D.  C. 

Ana.— In  direct-connected  elevators,  the  motor  is 
ofloally  of  the  series  type;  that  is,  the  armature  and 
field  are  connected  in  series.  In  starting  the  motor, 
to  raise  the  car,  the  current  must  be  prevented  Arom 
attaining  an  abnormal  value.  This  Is  done  by 
inserting  a  rheostat  in  the  circuit,  the  cutting  out  of 

+ 
rO  0 ^ 


resistance  being  governed  by  a  solenoid.  Elevators 
electrically  driven  employ  Intermediate  gearing  of 
the  worm  pattern.  This  puts  a  bar  to  driving  the 
motor  by  the  descent  of  the  elevator.  Ck>nseqnently, 
a  simple  reversing  switch  can  be  used  in  connection 
with  a  starting  rheostat,  as  before  described.  A 
sketch  showing  connections  for  a  worm-geared 
elevator.  In  which  the  reversing  switch  is  operated 
by  means  of  a  rope,  is  shown  here.  A  is  the  motor 
armature;  F,  the  field;  R8,  the  reversing  switch; 
and  8  J2,  the  starting  rheostat.  If  the  rope  method 
of  control  is  objectionable,  the  reversing  switch  can 
be  fitted  with  a  pair  of  electromagnets  operated  by 
posh  battons  in  the  car.  Reversing  switches  are  so 
constructed  as  to  reverse  the  armature  connec- 
tions with  a  movement  of  the  switch  through  90^. 
This  is  indicated  In  the  diagram.     The  contact 


brushes  on  the  switch  are  to  make  contact  between 
one  of  the  inner  segments  and  one  of  the  outer.  In 
position  a,  that  terminal  of  the  armature  connected 
to  —  side  of  line  is  placed  in  connection  with  +  side 
of  line  In  position  b.  The  starting  rheostat  SRisot 
the  ordinary  type,  but  so  constructed  as  to  allow  its 
arm  to  be  operated  by  a  solenoid.  The  latter  should 
be  so  connected  as  to  be  energized  when  the  circuit 
is  closed,  that  is,  to  the  motor  side  of  switch  S.  This 
switch  may  be  Incorporated  in  the  reversing  switch. 
» 
*  * 

(72)  What  horsepower  will  it  require  to  drive  a 
boat  25  ft.  long  and  5  ft.  beam,  having  a  draft  of 
19  In.,  at  a  speed  of  4  mi.  per  hr.  through  still  water? 
F.  U.  B..  Maysville,  Ky. 

Aj«s.— About  two-thirds  of  a  horsepower. 


(78)  Where  can  I  subscribe  for  the  following 
Journals:  American  Engineer  and  Railroad  Journal 
American  Chemical  Society,  Chemical  News,  Journal 
Institute  Mining  Engineers,  American  Chemist,  Amer- 
ican Chemical  Journal.        W.  W.,  Emporium,  Pa. 

Ans.— All  the  above  may  be  ordered  through  The 
Technical  Supply  Co.,  Scranton,  Pa.,  or  flrom  the 
publishers  direct. 

»  » 

(74)  The  appended  sketch  shows  how  our  Pen- 
berthy  injector  is  connected.  This  injector  will  not 
feed  with  leia  than  40  lb.  steam  pressure,  (a)  Is 
there  any  advantage  in  raising  the  tank  above  the 
level  of  the  injector?  (h)  What  is  the  lowest  pres- 
sare  that  will  operate  it  t  ( c)  Would  the  substitution 
of  straight- way  valves  for  the  globe  valves  cause  the 
injector  to  work  with  a  lower  pressure?  (d)  What 
horsepower  motor  is  required  for  a  motor  cycle 
weighing  about  500  lb.?  (e)  What  strength  of  cnr- 
rent  and  number  of  storage  batteries  are  required? 
R.  H.  O.,  Chicago,  ni. 

Ans.— (a,  b,  and  c)  We  have  submitted  your  quer- 
tlons  to  an  expert  of  The  Penberthy  Injector  Co.. 
who  advises  us  as  follows:  A  very  important  item  of 
Information,  namely,  the  temperature  of  the  feed- 
water,  has  been  omitted.  Nothing  would  be  gained 
by  elevating  the  water  supply  above  the  injector  if 
the  water-supply  pipe  is  perfectly  tight  and  no  air 
leaks  exist  anywhere.  One  bad  feature  of  the  piping 
is  that  the  steam  supply  is  taken  from  the  regular 
steam  main,  Instead  of  an  independent  oonnection 
being  made  to  the  highest  point  of  the  boiler  to 
insure  a  steady  supply  of  dry  steam.  If  this  change 
is  made,  and  the  water  supply  is  not  above  74<'  F., 
the  injector  will  start  at  20  to  25  lb.  pressure. 
Straight-way  valves  would  be  a  detriment  in  this 
case,  as  it  is  not  possible  to  satisfactorily  throttle  the 
water  supply  that  is  necessary  on  pressures  below 
60  or  65  lb.  If  the  injector  has  been  in  use  for  a 
long  time  it  may  need  new  Jets,  or  it  may  be  par- 
tially stopped  up  with  lime  sediment.  Of  course, 
while  in  this  condition  the  injector  will  not  operate 
satisfactorily,  (d)  You  would  probably  require  a 
motor  of  about  1^  H.  P.  capacity,  (e)  If  you  run 
your  motor  at  80  volts,  as  is  usually  done,  you  would 
need  a  battery  capable  of  giving  a  ftill-load  discharge 
rate  of  at  least  20  amperes.  About  the  smallest 
standard  battery  made  for  this  purpose  would  weigh 
10  lb.  per  cell,  making  400  lb.  as  the  weight  of  the 
battery.  We  do  not  see,  therefore,  how  you  are  going 
to  have  the  total  weight  not  exceed  500  lb.  unless  you 
use  a  lighter  motor  and  battery  than  is  customary. 
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ANSWERS  TO  INQUIRIES 


(75)  How  many,  &nd  what  size  holes  should  there 
^   .   __      ,  _  ^«^         ^  ^  ._  |iye the  proper 

He  gas  engine, 
_  „ _  _  i-pipe  to  crank- 
chamber,  1  inch  in  diameter;  and  gas  at  &oance 
pressure?                                V.  £.  F.,  Akron,  Ohio. 

Anb.— The  proportions  of  the  gas  and  air  passages 
will  depend  on  the  quality  of  gas  used.  Probably 
10  to  14  parts  of  air 
to  1  of  gas  will  be  the 
proper  ratio.  We 
should  make  the 
combined  area  of  the 
holes  through  A 
about  equal  to  the 
area  of  the  1-inch 
pipe.  Five  ^inch 
holes  should  be  about 
right.  With  the  ratio 
of  gas  to  air  given 
above,  the  combined 
area  of  the  holes 
through  B  may  be 
about  i  of  the  area  of 
the  1-inch  pipe.  Eight 
|-inch  holes  will  sat- 
isfy this  requirement. 
It  must  be  under- 
stood that  the  quality  of  the  gas  has  considerable 
influence  on  the  area  of  the  gas  passages.  Passages 
amply  large  for  rich  gas  may  prove  too  small  for 
poor  gas. 

*  » 

(76)  (a)  Please  give  the  formula  used  in  calcu- 
lating the  necessary  number  of  turns  on  a  choke  coil 
having  an  open  magnetic  circuit,  (b)  What  effect 
has  the  earth's  magnetism  on  the  readings  of  a  volt- 
meter or  ammeter?  (c)  How  can  I  find  the  amount 
of  power  expended  in  the  oore  of  a  choke  coil  hav- 
ing an  open  magnetic  circuit?  (d)  Whv  are  the 
armature  coils  in  a  Thomson  wattmeter  changed  to 
a  position  at  rifht  angles  to  the  plane  of  the  fixed 
couby  means  of  the  commutator?  (e)  Please  give  a 
formula  for  finding  the  magnetic  flux  in  a  trans- 
former due  to  the  primary  turns. 

G.  V.,RoseBank,  N.Y. 

Ans.— (a)  If  .i   is  the  cross-section  of  the  iron 

through  the  coll  and  B  the  magnetic  density,  then 

BxAIb  equal  to  the  total  magnetic  flux  N.    A  fair 

value  for  B  would  be  about  20,000  lines  per  square 

inch.    The  number  of  turns  on  the  choke  coil  would 

£t  V  10* 
then  be   T  =  ^  /z^.-,    where    E   is   the    counter 

4.44  An 

£.  M.  F.  the  choke  coil  has  to  generate,  N  the  flux 
as  obtained  above,  and  n  the  frequency  of  the  alter- 
nating current  in  cycles  per  second,  (b)  The  earth's 
field  has  no  appreciable  effect  on  the  readings  of  a 
modem  voltmeter  or  ammeter.  In  instruments  of 
the  Weston  type  the  coil  swings  in  a  strong  magnetic 
field  produced  by  permanent  magnets,  and  this  field 
is  not  changed  appreciably  by  changes  in  the  earth's 
field,  (c)  The  best  way  to  find  the  power  expended 
U  to  use  a  wattmeter  having  its  potential  coll  con- 
nected across  the  terminals  of  the  choke  coil  and  Its 
current  coil  \)onnected  In  series  with  the  choke  coil. 
(d)  The  Thomson  wattmeter  is  in  reality  a  small 
electric  motor,  and  the  commutator  keeps  changing 
the  connections  of  the  armature  colls  so  that  they 
always  tend  to  rotate.  The  principle  of  operation  is 
the  same  as  that  of  a  continuous-current  dynamo  or 
motor  with  a  drum-wound  armature.  In  this  instru- 
ment there  is  no  iron  in  the  field,  but  this  only 
makes  the  field  weaker  and  does  not  change  the 
principle  of  its  action  in  any  way.  All  the  colls 
in  such  an  armature  are  in  action  and  the  commuta- 
tor serves  to  keep  the  direction  of  the  current  in  the 
coils  in  the  proper  relation  with  regard  to  the  field, 
so  that  continuous  rotation  results.    If  you  read  up 


any  good  description  of  the  action  of  a  drum  arma- 
ture you  will  have  no  difficulty  in  understanding 
the  action  of  the  wattmeter,  (e)  If  the  voltage 
applied  to  the  primary  is  E,  the  number  of  primary 
turns  T,  and  the  frequency  n  cycles  per  second,  then 

the  maximum  fiux  N  will  be  N  =  f^^.    This 

4.44  Tn 

assumes  a  sine  wave  of  £.  M.  F.,  and  also  that  the 

counter  Induced  E.  M.  F.  in  the  primary  ia  equal  in 

value  to  the  E.  M.  F.  of  the  mains. 

•♦, 

(77)  Please  explain  how  to  determine  the  gears 
to  oe  used  on  a  stud  and  lead  screw  in  order  to  cut 
12  threads  per  inch  in  a  single-geared  lathe.  Lead 
screw  has  5  threads  to  the  inch,  gear  on  spindle  has 
21  teeth,  and  fixed  gear  on  stud  42  teeth. 

L.  £..  Middletown,  Ohio. 

Ans.— The  method  of  determining  the  gears  was 
explained  in  the  "Mechanics'  Pocket  Memoranda," 
and  we  refer  you  to  that  for  a  more  extended 
ex  planation .  We  may  say,  however,  that  perhaps  the 
easiest  way  of  determining  these  gears  is  to  remem- 
ber that  the  product  of  the  number  of  threads  per 
inch  to  be  cut,  the  number  of  teeth  in  the  gear  on 
the  spindle,  and  the  number  of  teeth  in  the  change 
gear  on  the  stud  must  equal  the  product  of  the  num- 
ber of  threads  per  inch  in  the  lead  screw,  the  niimber 
of  teeth  in  the  gear  on  the  lead  screw,  and  the 
number  of  teeth  in  the  fixed  gear  on  the  stud.  We 
are  obliged  in  all  cases  to  assume  the  number  of 
teeth  in  one  of  the  gears  that  we  are  to  find,  and 
then,  firom  the  above  relation,  find  the  number 
of  teeth  in  the  other  gear.  If  the  number  of  teeth 
so  found  contains  a  fraction,tor  if  we  have  no  gear 
having  the  number  of  teeth  found,  we  must  try 
again  by  assuming  a  different  number  of  teeth  for 
the  gear  we  started  with«  In  the  example  given, 
suppose  we  represent  the  number  of  teeth  In  the 
change  gear  on  the  stud  by  /  and  the  number  of 
teeth  in  the  change  gear  on  the  lead  screw  by  h; 
then  /  X  12  X  21  =  A  X  6  X  42.  Now,  assumlngthat 
we  have  a  gear  containing  72  teeth,  we  have  /  X  12 
X  21  =  72  X  5  X  42,  from  which  we  obtain,  by 
division,  /  =  60  teeth;  that  is,  the  change  gear  on 
the  stud  has  60  teeth  and  the  change  gear  on  the 
lead  screw  has  72  teeth. 


(78 )  I  am  erecting  a  frame  house,  and  in  this  local- 
ity it  is  customary  to  rough-ceil  the  walls  inside,  and 
cover  them  with  canvas  upon  which  the  wall  paper 
is  laid.  Instead,  I  wish  to  use  red-rosin-sised  sheath- 
ing paper,  and  would  like  to  know  how  it  is  put  on, 
and  what  kind  of  a  Job  it  would  make  to  put  the 
wall  paper  directly  on  the  sheathing  paper. 

0.  P.,  Crockett,  Texas. 

Ans.— Red-rosin-sised  sheathing  paper  is  usually 
nailed  in  place,  and  makes  an  excellent  protective 
material  when  placed  between  the  rough  ceiling  and 
the  finished  siding.   It  would  never  do,  in  our  opinion . 
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to  put  the  red-rosin-slzed  paper  inside  and  attach  the 
wall  paper  to  it,  because  the  sheathing  paper  would 
expand  with  the  moisture,  and  changes  in  tempera- 
ture would  cause  buckles  on  the  walls  and  sags  in 
the  ceiling;  or,  if  it  contracts  much  frt>m  excessive 
dryness  or  low  temperature,  it  is  liable  to  split  and 
crack  the  wall  paper.  The  best  manner  in  which  to 
construct  the  walls  of  the  house,  if  the  expense  can 
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be  allbrded,  is  to  put  lougb  sheathing  outaide  and 
iniide,  placing  the  aheathing  paper  between  the 
•heathing  and  the  finished  siding,  and  the  canyas  on 
the  indde  roogh  ceil,  secnring  the  wall  paper  to  the 
oanras.  A  section  of  such  constmetion  is  shown  in 
the  accompanTlng  sketch.  It  would  make  a  still 
better  job  to  put  a  layer  of  sheathing  paper  between 
the  stada  and  the  inside  sheathing,  in  which  case 
strips  most  be  nailed  between  the  studs,  to  which  the 
horiaontal  Joints  of  the  paper  can  be  secured. 

•% 

(79)  (a)  Is  it  not  one  of  the  recognized  laws  of 
meebaiilca  that  more  work  must  be  expended  in 
operating  any  machine  than  can  be  received  in 
return?  (6)  If  this  is  true,  how  can  we  account  for 
the  fikct  that  a  person  can  cover  a  greater  distance 
with  a  given  enbrt  on  a  bicycle  than  by  walking? 
(e)  We  have  a  grinding  machine  in  our  shop  the 
wheel  of  which  has  a  velocity  ratio  of  22.5  to  1;  that 
is,  it  should  Make  2,700  rev.  per  min.  when  the  main 
shaft  makes  120;  its  actual  speed,  however,  is  a  little 
less  than  2,400  rev.  There  are  three  belts  between 
the  main  shaft  and  the  spindle  that  carries  the 
wheel:  should  there  be  that  amount  of  loss  in  speed  ? 
(d)  What  rule  can  be  used  to  calculate  the  percen^ 
age  of  loss  for  any  machine  ? 

W.  W.  B.,  Moberly,  Mo. 

Ana. — (a)  Yes.  (b)  The  loss  of  energy  In  the  rolling 
motion  of  the  bicycle  is  less  than  the  loss  involved 
in  the  up-and-down  motion  of  the  person's  body  that 
takes  place  in  the  act  of  walking.  A  more  detailed 
answer  to  this  question  will  be  found  in  SasNCE  and 
IimxTffrRT,  February,  1900,  Answers  to  Inquiries, 
No.  21.  (c)  Such  an  amount  of  loss  might  be 
expected  under  certain  conditions,  (d)  We  do  not 
think  a  definite  rule  for  calculating  the  loss  in  any 
case  can  be  derived.  The  loss  may  be  divided  into 
two  parta— the  slip  of  the  belt  on  the  pulleys,  and  the 
**  creep,"  or  the  eflfect  of  the  di£RBrence  in  the  amount 
the  belt  stretches  on  the  tight  and  loose  sides^which 
depend  on  such  conditions  as  the  length  of  the 
belts,  the  material  of  which  they  are  made,  the 
relation  between  their  size  and  the  power  they  must 
transmit,  and  the  relative  dimensions  of  the  pulleys 
on  which  they  run. 


(80)  (a)  We  have  several  Westinghouse  12A 
motors  with  the  unventllated  armature,  and  would 
like  to  use  the  forms  for  the  ventilated  armature  to 
wind  the  coils  for  them.  Can  this  be  done?  In  the 
unventllated  armature  the  colls  span  the  first  and 
the  thirteenth  slot,  and.  in  the  ventilated  armature, 
they  span  the  first  and  the  eleventh  slot.  Vb)  We 
also  haTC  a  motor  connected  as  shown  in  the 
aooompanylng  sketch.  Is  this  a  shunt  or  series 
motor?  A.  F.  R.,  Harrlsburg,  Pa. 

Ana.— (a)  It  would  be  better  to  have  a  separate 
form  for  etucih.  armature,  as  this  would  insure  more 
aocujata  fitting  of  the  coils.  You  may,  however,  be 
able  to  fix  two  stripe  on  the  form,  so  as  to  widen  it 
out  enough  to  make  the  coil  span  the  two  extra 
slots.    A  strip  on  each  side  of  the  form  would  make 
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the  opening  wide  enough  to  span  the  extra  slots, 
and  these  strips  could  be  removed  when  it  was 
desired  to  make  colls  for  the  ventilated  armature. 
We  assume  in  the  above  that  you  are  using  the 
common  trapezoidal  form.  With  some  styles  of 
forms  it  might  not  be  possible  to  add  strips  as  we 


suggest,  (b)  The  motor  you  refer  to  is  series  wound, 
the  only  peculiarity  about  it  being  that  the  two 
field  coils  are  connected  in  parallel  instead  of  in 
series,  as  is  usually  the  case.  The  field  winding  is, 
however,  in  series  with  the  armature,  and  the 
machine  is  therefore  a  series  motor. 
« 

♦  * 

(81)  Give  a  simple  illustrated  method  of  descri- 
bing an  involute  of  a  circle. 

D.  G.  D..  PhilUpsburg,  Mont. 
Am.— Let  il  B  be  a  diameter  of  a  circle;  lay  off,  on 
the  tangent  at  B,  the 
length  B  Bt  equal  to 
the  semioircumfer- 
ence  of  the  circle. 
Divide  B  B^  into  any 
number  of  equal 
parts,  say  6,  in  the 
points  Bu  Bt,  Bs,  B4, 
Bt.  Divide  the  semi- 
Circumference  into 
the  same  number  of  A^ 
equal  parts  in  the 
pointo  Ci,  Ct,  Ci,  C4. 
Ce,  and  draw  the  tan- 
gents at  these  points. 
On  these  tangents, 
layoflT  CiAudAs,  C^ 
At,  C^A4,  Cf  Aft  equal, 
respectively,  to  BBu 
B  B^,  BB%,  B  B\,  BBi, 
The  curve  passing  through  the  points  A,  Au  ^sMs.  ^4. 
Ai,  B^\a  the  required  involute. 

♦•• 

(82)  What  has  produced  the  best  results  in  redu- 
cing water  fHctlon  on  ships'  bottoms?  Is  there  any 
record  of  recent  tests,  and.  If  so,  where  can  I  procure 
them  ?  R.  J.  K.,  New  York  (Hty,  N.  Y. 

Ans.— Full  information  on  this  subject  can  be  had 
by  writing  to  the  "Queries  and  Answers"  depart- 
ment of  "  Biarine  Engineering,"  published  monthly 
by  Aldrich  &  Donaldson,  309  Broadway,  New  York 
City. 

* 

*  « 

(83)  How  is  the  Greek  alphabet  written  in  ordi- 
nary handwriting?  P.  A.,  Media,  Pa. 

Ans.— See  "The  Mechanic  Arts  Magazine,"  Sep- 
tember, 1899,  Answers  to  Inquiries,  No.  224.  The 
written  characters  are  very  much  the  same  as  the 
printed  ones,  without  any  attempt  at  Joining 
the  letters. 

« 
«  * 

(84)  Explain  the  instrument  used  for  recording 
the  vibrations  of  an  earthquake. 

W.  H..  Alameda,  Cal. 
Ans.— Such  instruments  as  you  mention  are  very 
few  in  number,  and  are  to  be  found  at  the  great 
observatories  only.  For  information  in  regard  to 
these  instruments,  we  would  >  advise  you  to  write 
to  Mr.  C.  D.  Perrine,  of  the  Lick  Observatory, 
Mt.  Hamilton,  California. 


(85)  I  am  building  a  house,  and  the  plastering 
already  shows  cracks  lengthwise  of  the  lathing, 
(a)  Can  you  tell  me  what  is  the  cause?  The  lath 
was  dry  and  had  been  on  the  wall  for  a  year,  and  it 
was  not  dampened  before  plastering,  (b)  Do  you 
think  lightning  rods  are  a  oenefit  to  a  building? 
Will  they  prevent  it  from  being  burned  by  light- 
ning? M.  L.,  Shepherd,  Mien. 

Ans.— (a)  The  lathing  should  have  been  dam- 
pened before  the  plastering  was  applied.  Where 
the  lath  is  very  dry,  it  extracts  the  valuable  moisture 
too  rapidly  from  the  plaster  and  causes  it  to  crack. 
Plaster  mortar  should  be  thoroughly  mixed  so  as  to 
make  it  tough;   when  improperly  mixed,  it  shrinks 
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more  In  drying  and  cauies  orackf.  *'  Elbow  greaie  " 
l8  what  Is  wanted,  both  In  the  preparation  and  in 
the  application  of  the  mortar,  and  suffioient  hair 
Bhoold  be  inoorporated  in  the  "loratch,"  or  first 
ooat.  (6)  Lightning  rods  are  a  protection  to  a  bond- 
ing when  they  are  of  proper  siae  and  correctly 
initalled.  An  article  on  this  sabject  appeared  in  the 
December,  1898,  issne  of  "The  Building  Trades  Mag- 
asine."  If  the  discharge  of  the  electric  corrent  can 
be  transmitted  promptly  to  the  earth  by  the  rods,  no 
fire  is  likely  to  ensue,  although  the  lightning  some- 
times Ignores  the  offer  of  conyeyance  by  the  rods, 
and  takes  a  devious  path  of  its  own,  when  it  ripe, 
tears,  and  occasionally  sets  fire  to  objects  resisting 
its  progress. 

»  « 

(86)  Give  me  a  recipe  for  painting  a  blackboard. 
The  material  is  redwood. 

F.  A.  v.,  San  Prandsco,  Cal. 
Ans.— Olvethe  board  a  good  priming  coat  of  white 
lead  mixed  with  lampblack,  and  then  two  coats  of 
drop  black  ground  in  Japan,  thinning  with  tur- 
pentioe  to  obtain  the  dull  flat  finish.  Allow  at 
least  three  days  between  coats,  to  allow  the  paint 
to  harden. 

« 
«  « 

(87)  (a)  Is  it  necemary  to  have  a  license  to  sell 
chemicals  r  (5)  Describe  the  process  of  photoengra- 
▼Ing.  F.  D.  H.,  Jersey  City,  N.  J. 

Ams.— (a)  So  far  as  we  know,  no  license  is  needed 
to  sell  chemicals,  but  a  license  is  necesnry  to  dis- 
pense medicines,  prepare  physicians'  prescriptions, 
etc.  All  this  varies  in  the  diiferent  states,  and  Is 
subject  to  state  laws,  (b)  The  process  of  photoen- 
graving is  too  Intricate  to  be  ftilly  described  in  these 
columna  Usually,  a  wet-plate  negative  is  made 
from  the  drawing  to  be  reproduced,  from  which  is 
printed  the  picture  in  reverse  on  a  sine  plate  sensi- 
tised with  bioromate  of  potash,  and  afterwards 
developed  with  a  roller  changed  with  lithographing 
transfer  ink.  Aiter  the  print  is  washed  out  in  water 
it  is  prepared  with  *•  dragon's  blood,"  and  etched  in 
a  dilute  solution  of  nitric  acid.  In  each  successive 
etch,  the  plate  is  protected  by  "  dragon's  blood," 
applied  in  such  a  way  as  to  produce  a  bank  against 
the  lines,  preventing  their  being  undermined  by  the 
action  of  the  add.  After  the  final  etch  is  completed 
the  plate  is  routed  and  mounted  ready  for  the  press. 
A  practical  treatise,  with  working  directions.  Is 
found  in  F^rquhar's  "  Grammar  of  Photoengraving," 
ScovUl  &  Adams,  New  York;  and  Jenkins's  "  Manual 
of  Photoengraving,"  The  Inland  Printer  Co.,  Chi- 
cago, 111. 


(88)    (a)  It  is  stated  that  the  force  of  gravity  U 

eoportional  to  the  square  of  the  distance.  Accord- 
g  to  this  statement,  a  bodv  that  weighs  4  lb.  at  a 
distance  of  1  ft  from  the  surface  of  the  earth  should 
weigh  1  lb.  at  a  distance  of  2  ft.  ttom  the  surfkce.  As 
a  matter  of  fact,  it  weighs  practically  4  lb.  Can  you 
explain  this  to  meT  (o)  The  catch  that  hold^  the 
forearm  to  the  barrels  of  my  shotgun  has  become 
loose.  Can  you  give  me  a  simple  method  bv  which  I 
can  brase  It  on  again  T  Part  of  my  difficulty  is  the 
fear  of  Inlurlng  the  barrels  and  of  loosening  the  rib 
between  the  barrela  (e)  The  color  of  objects  is  the 
result  of  the  rays  of  Ugtit  they  reflect,  but,  in  the  case 
of  transparent  or  semltransparent  object  h,  the  trans- 
mitted light  is  the  same  color  as  the  reflected  light. 
Why  is  this?  L.  R.  P.,  Monte  Creek,  B.  C. 

Ams.— (a)  Your  statement  is  wrong.  The  force  of 
attraction  is  invertely  proportional  to  the  square 
of  the  distance  between  the  centers  of  gravity  of  the 
bodies.  Hence,  the  weight  of  a  body  at  the  surface 
being  known,  its  weight  at  any  given  distance  above 
the  surface  is  formed  by  multiplying  the  square 
of  the  radius  of  the  earth  by  the  weight  of  the  body 


at  the  surfkce,  and  dividing  the  product  by  the 
square  of  the  distance  between  the  center  of  the 
earth  and  the  center  of  the  body,  (b)  The  catch  yon 
speak  of  is  usually  flutcned  with  ordinary  soft 
solder,  as  Is  also  the  rib  on  top  of  the  barrels.  If 
the  catch  has  been  broken  off,  clean  the  surfaces 
thoroughly  and  tin  them  with  a  soldering  iron. 
Place  the  catch  in  Its  proper  pusitioD  and  flutcn  It 
with  binding  wire.  Then,  with  the  soldering  Iron, 
or  any  other  hot  piece  of  metal,  heat  the  catch  until 
the  solder  flows  nicely.  Do  not  use  any  add  for  a 
flux,  but  a  little  powdered  resin,  (e)  This  phe- 
nomenon is  due  to  the  property  of  selective  reflection 
and  transmission;  1.  e.,  these  transparent  or  tpma- 
lucent  substances  reflect  and  transmit  in  excess 
certain  wave  lengths  of  the  light  that  fklls  upon 
them,  and  thus  appear  colored,  and  emit  colored 
light  when  illuminated  by  white  light. 


(89)  (a)  In  my  boiler  plant,  the  boilers  are  con- 
nected to  a  header  c  in  the  manner  shown  in  the 
illustration.    A  great  deal  of  water  collects  in  this 


a 


Water  Line 


header  and  works  into  the  engines  and  causes 
trouble.  Can  I  remedy  it  bv  putting  in  the  pipe  d  to 
drain  the  header,  carrying  ft  below  the  water-line  of 
each  boiler?  (b)  Give  me  a  rule  for  throwing  the 
tool  head  around  when  chasing  threads:  for  instance, 
in  cutting  four  threads  to  the  inch,  how  many  degrees 
should  I  throw  the  tool  head  around? 

B.  B.,  Throop,  Pa. 
Anb.— (a)  We  believe  that  the  proposed  drain  pipes 
will  work  satisfactorily,  (b)  Your  question  is  not 
clear.  We  suppose  that  you  have  one  of  the  Stevens 
Arms  Co.'s  patent  threading  tools,  in  which  the  tool 
can  be  turned  to  an  angle  corresponding  to  the  pitch. 
The  proper  angle  can  be  found  from  the  following 
formula,  in  which  a  =  diameter  of  thread,  and  b  — 

pitch  of  thread:    —  =  tangent  of  pitch  angle.    For 

example,  let  a  =  l  in.,  and  b  »  .26  in.  (4  threads  per 

in.);  then,  substituting  values,  we  get  s-rr^^^rr^  =» 

0.1410  X  1 

.079677+.  Looking  in  a  table  of  natural  tangents, 
we  find  the  angle  corresponding  to  this  tangent  to  be 
4«88'. 

•♦• 

(90)  Explain  the  method  of  winding  used  on  the 
armature  of  a  4-pole  Westlnghouse  exdter  with  47 
colls  and  47  segments  on  the  commutator.  This 
winding  appears  to  be  made  upon  a  form  and  then 
laid  on  the  core;  but  I  do  not  see  how  to  secure  a 
symmetrical  winding  and  commutation  from  an 
even  number  of  poles  and  an  odd  number  of  bars. 
It  appears  to  bea  ring  wlndlngjbut  without  any  dead 
return  wire.  Am  I  correct?  Would  this  be  a  good 
winding  for  a  1  E.  W.  motor  ? 

J.  F.  B.,  Maqnoketa,  Iowa. 

Ans.— The  winding  you  refer  to  is  a  drum  winding 
made  up  of  formed  coils,  the  ends  projecting  beyond 
the  core  of  the  armature.  The  odd  number  of  colls 
is  used  in  order  that  the  winding  may  connect  up 


Digitized  by  ^OOQIC 


ANSWERS  TO  INQUIRIES 


121 


pfoperly  to  fbnn  a  twoKSireiilt  anmitiire.  In  laoh 
a  winding,  oommatatlon  would  not  ooonr  at  exactly 
the  »me  Initant  at  all  the  tamghes,  bat  this  does  not 
allbct  the  operation  of  the  machine  materially, 
beeaoae  the  nnmber  of  eectioni  is  large.  The  wind- 
ing la  not  of  the  ring  type,  although  the  core  on 
whleh  the  winding  is  placed  may  be  open  throogh 
the  center  and  hare  somewhat  the  appearance  of  a 
Ting.  If  yon  will  examine  It  closely  yon  will  find 
that  the  end  connections  of  the  colls  project  past  the 
iron  core,  and  that  the  winding  is  really  of  the  dram 
type.  This  style  of  winding  would  answer  qolte 
well  for  a  1  K.  W.  motor,  especially  If  it  were  of  the 
4-poletype. 

»  * 

(91)  How  can  I  bore  a  ourred  hole  in  a  cast-iron 
block?  The  curvature 
of  the  hole  and  shape 
of  the  block  Is  shown 
in  the  accompanying 
drawing.       H.  B.  J., 

Downey,  Cal. 
Am.— We  believe 
this  Is  a  rather  hard 
Job;  perhaps  some  of 
our  readers  may  know 
how  to  do  it.  TO  us  it 
looks  Uke  a  caseof  bad 
design,  and  It  seems 
scarcely  possible  that 
it  could  have  been 
designed  by  an  experienced  mechanical  draftsman. 

(92)  How  can  I  construct  a  cheap  bevel-edged 
picture-mat  cutter  and  have  it  arranged  so  as  to  cut 
odd  shapes  either  way  from  the  perfect  ellipse,  and 
also  to  oat  round  bevel-edged  matsT 

O.  H.  W.,  Southbrldge,  Mass. 
Ak&— Picture-frame  and  mat  makers  usually  cut 
all  oonred  shapes  with  a  sharp  knife  freehand,  after 
Bsarking  it  out  with  a  pencil.   There  is  no  machine 
on  the  market  to  do  this  work,  so  fiiir  as  we  know. 


(96)    An  army  Is  25  ml.  long,  and  marches  25  ml 

Kday.  A  messenger,  starting  from  the  rear  when 
day's  march  begins,  rides  to  the  front,  delivers 
his  message,  and  returns  to  the  rear,  which  he 
reaches  lust  as  the  day's  march  ends.  How  far  did 
he  ride  ?  O.  K  V.,  Dayton,  Ohio. 

Anb.— In  the  morning  let  the  rear  of  the  army  be 
at  A  and  the  front  at  B;  at  the  end  of  the  day's 
march  the  front  will  be  at  the  point  D,  such  that 
BD  "  AB  "T^  mi.,  and  the  rear  will  beat  B.  Let 
C  be  the  point  where  the  messenger  overtakes  the 


A  BCD 

front.  While  the  army  marches  25  ml.,  the  messen- 
ffsr  rides  25  ml.  from  A  to  B  and  twice  over  the  dis- 
tance B  C;  that  is,  the  officer  gains  twice  the  distance 
BC  while  the  army  marches  25  ml.  Hence,  the 
number  of  miles  gained  by  the  messenger  while  the 

.      ,     ,        2xNo.  ofmi.  inB(7     .     , 
army  marches  1  mi.  =  —  -^ .    Again, 

while  the  front  of  the  army  marches  from  £  to  C, 
the  messenger  rides  from  ^  to  C,  gaining  25  mi. 
Therefore,  the  number  of  miles  gained  by  the  mesKn- 

ger  while  the  army  marches  1  ml. 


Thus, 


2  X  No.  of  ml.  in  BC 


No.  of  ml.  in  BC 


25 


F,;  for  each 


25  No.ofmi.inJ8C' 

of  these  fractions  »  the  number  of  miles  gained  by 
the  messenger  while  the  army  marches  1  mi.  When 
two  ftmctlons  are  equal,  the  product  of  the  numer- 
ator of  the  first  and  the  denominator  of  the  second 
s  the  product  of  the  numerator  of  the  second  and 
the  denominator  of  the  first.    Therefore,  2  x  (No. 


of  mi.  in  BC)*  -  25».    Hence,  (No.  of  mi.  in  5  C)« 
-  25«X  i  which  gives,  No.  of  ml.  in  BC  =.  ~; 


whence,  B  C  •- 


25^2 


mi.    The  distance  ridden  by 


the  messenger  is 

AB+2BC=  (25  +  25|/2)mi.=  25(l  +  l/2)mi. 


(94)  Give  me  a  rule  for  estimating  the  heating 
capacity  of  a  hot-air  frimace. 

A.  C.  B.,  Toledo,  Ohio. 

Anb.— We  do  not  know  of  any  rule  for  estimating 
the  heating  capacity  of  a  hot-air  fUmace.  It  Is 
evident  that  no  rule  can  be  formed  that  will  apply 
to  all  ftimaces,  because  the  construction  of  the 
several  kinds  are  so  varied,  and  their  methods  of 
operation  so  different,  that  no  permanent  ratios  can 
be  adopted  to  suit  all.  We  would,  however,  draw 
your  attention  to  an  article  in  "  The  Building  Trades 
Magasine,"  March,  1899,  number,  entitled  *'How 
to  Select  a  Furnace."  This  article  contains  a  table 
of  proportions  generally  adopted  in  ftimace  heating, 
and  from  this  table  yon  can  obtain  a  very  good  idea  of 
the  sise  of  ftirnace  to  do  certain  work.  "  The  Build- 
ing Trades  Msgasine"  now  forms  a  part  of  Scixngk 
AMD  Industry,  but  back  numbers  can  be  obtained 
from  The  Colliery  Engineer  Co.,  Scranton,  Pa. 


(95)  I  send  herewith  a  sketch  of  two  boilers  that 
have  attracted  considerable  attention  on  account  of 
their  being  heavily  charged  with  electricity.  If  the 
finger  is  placed  near  the  boilers,  a  spark  about 
I  Inch  long  will  pass.  The  boilers  are  connected  as 
shown  in  the  drawing,  and  the  connections  at  the 
steam  domes  are  made  by  means  of  flange  Joints. 
Part  of  one  of  the  gaskets  blew  out  at  the  point  x, 
allowing  the  steam  to  blow  out  across  the  other 
boiler.  Both  boilers  are  heavily  charged,  but  by 
driving  a  plug  in  the  broken  Joint,  all  the  electrlcitv 
disappears,  is  there  any  scheme  by  which  this 
electricity  can  be  caught  and  made  to  operate  a  light, 
and  what  is  the  cause  of  the  charge  described  above  7 
E.  M.,  McMechen,  W.  Va. 

Anb.— Under  certain  conditions,  a  Jet  of  steam 
Issuing  from  an  opening  will  become  electrified,  and 
machines  have  been  designed  for  the  production  of 
static  electricity  in  this  way.  Both  the  Jet  of  steam 
and  the  boiler  become  charged,  one  being  positive 
and  the  other  negative.  The  electrification  Is  due  to 
the  friction  of  the  globules  of  water  contained  in  the 
steam  passing  through  the  orifice,  and  it  has  been 
found  that  wet  steam  gives  a  stronger  charge  than 
dry  steam.  Of  course,  as  soon  as  the  hole  is  plugged 
up  the  charge  disappears,  because  there  is  no  Jet  to 


acSHcTANoTMOuSTBY 


produce  it.  There  is  no  practical  method  of  opera- 
ting a  lamp  from  a  source  of  electricity  of  this  kind, 
because,  although  the  electrical  pressure  produced  is 
high,  the  quantity  of  current  that  could  be  obtained 
Is  so  extremely  small  that  a  lamp  could  not  be 
operated  with  it. 
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(96)  Tell  me  how  to  read  the  pointB  of  the  oom- 
paas.  T.  N.,7tfilwaakee,  Wis. 

Ans.— To  read  the  points  of  a  compafls,  or  what  is 
generally  known  as  "  hoxing  the  compass."  is  easily 
learned  by  aid  of  the  accompanying  compass  dia- 
gram. Beginning  with  the  north,  and  going  around 
in  the  same  direction  as  the  hands  of  a  clock,  the  82 
compass  points  appear  in  the  following  order:  North; 
north-by-east;  north-northesst;  northeast-by-north; 
northeast;  northeast-by-east;  east-northeast;  east-by- 
north;  east;  east-by-south;  east-southeast;  southeast- 
by-east;  southeast;  southeast-by-south;  south-south- 
east; south-by-east:  south;  south-by- west;  south- 
southwest;  southwest-by-south;  southwest;  southwest- 
by-west;  west-southwest;  west-by-south;  west:  west- 
by-north;  west-northwest;  northwest-by-west;  north- 
west; northwest-by-north;  north-northwest;  north- 
by-west.    Of  these,  north,  south,  east,  and  west  are 


called  the  cardirud  poinU;  and  northeast,  southeast, 
southwest,  and  northwest,  the  inUreanUnal  potntt. 
Each  point  is  divided  into  half  and  quarter  points, 
which  are  named  according  to  their  location.  Thus, 
the  division  to  the  left  next  to  N.  N.  E.  (looking 
from  the  centerof  thediagram)isreadasNbyE|£; 
and  the  one  to  the  right  next  to  &  TF.  is  read  as 
8  W  ^  W.  Besides  these  divisions,  the  compass  is 
divided  into  860°;  each  point,  therefore,  contains 
11|°.  A  course  when  expressed  in  degrees  is  always 
reckoned  from  north  or  south  90°  each  way.  Thus, 
N  E  is  N  45°  E,  and  S  W  is  equal  to  8  45°  W . 

*  « 

(97)  (a)  Would  a  safety-valve  arrangement  at- 
tached to  ftiel  feed  regulate  the  supply  of  ftiel? 
(b)  How  could  a  similar  arrangement  be  made  to 
regulate  the  water  supply  to  a  boiler,  so  that  the 
water  could  not  get  below  or  above  certain  given 
points,  regardless  of  the  pressure  of  the  steam?  (c) 
On  what  basis,  or  by  what  formula,  is  the  horse- 
power of  a  rotary  engine  calculated?  {d)  At  what 
temperature  does  gasoline  become  unsafe  when 
flame  does  not  come  In  direct  contact  with  either  the 
liquid  or  vapor?  A.  P.,  San  Francisco,  Gal. 

Aii8.^a)  Various  devices  for  regulating  a  liquid 
ftiel  supply  for  a  steam  boiler  to  correspond  to  the 


demand  for  steam,  have  been  made.  In  most  of 
these  devices,  the  steam  acts  on  a  diaphragm  so  as  to 
compress  a  spring,  the  amount  of  compression  depend- 
ing on  the  steam  pressure.  The  motion  of  the 
diaphragm  regulates  the  amount  of  opening  of  a 
valve  that  controls  the  ftiel  supply.  (6)  We  do  not 
know  of  any  method  by  which  the  water  supply 
could  be  regulated  by  a  device  similar  to  that  used 
for  controlling  the  f^el  supply.  A  simple,  but  not 
always  reliable,  method  of  controlling  the  water 
level  in  a  boiler  is  by  means  of  floats  that  open  or 
close  a  valve  as  the  water  level  falls  or  rises,  (c) 
The  only  accurate  method  of  ascertaining  the  horse- 
power of  a  rotary  engine  is  by  means  of  a  brake  test. 
The  indicated  horsepower  may,  however,  be  calcu- 
lated approximately  by  the  following  rule:  Multiply 
the  theoretical  volume  in  cubic  inches  of  the  steam 
that  passes  through  the  engine  in  one  revolution  by 
the  net  pressure  of  the  steam  in  the 
engine;  multiply  this  product  by  the 
number  of  revolutions  of  the  engine 
in  1  min.;  the  quotient  obtained  by 
dividing  the  latter  product  by  896,000 
will  be  the  indicated  horsepower  of 
,  tr  the  engine.    This  rule  assumes  that 

^^        the  net  pressure  of  the  steam  in  the 
engine  is  constant,  an   assumption 
that  is  permissible  for  most  rotary 
'^\        ^^        engines.     There  are  two  difficulties 
\  V  '  in  the  application  of  this  rule:  there 

^.3\  is  no  easy  and  reliable  method  of 

^  r.,j  ^'  measuring  the  net  pressure  of  the 
steam,  and  it  Is  not  always  possible 
to  measure  the  theoretical  volume 
is4if      with  a  reasonable  degree  of  accuracy. 
The  pressure  can,  in  general,  only  be 
approximately  estimated,  by  observ- 
^^  fK    ing  the  gauge  pressure  in  the  steam 
pipe  near  the  engine,  and  assuming 
^  the  loss  fhnn  back  pressure  and  fHo- 

^        tion  in  ports  in  accordance  with  Judg- 
.^  ment  and  experience.     The  theoret- 

"^"^  ical  volume  can  be  estimated  quite 

"^  accurately  from  a  drawing  of  the 
engine.  If  no  drawing  is  available, 
the  volume  can  be  measured  by  dri- 
ving the  engine  slowly  by  water  or  oil 
and  measuring  the  quantity  used  per 
revolution.  Owing  to  the  fkct  that  it 
makes  no  allowance  for  leakage,  this 
method  will  give  only  approximately 
correct  results  in  most  cases,  (d)  At  atmospheric 
pressure  a  mixture  of  gasoline  vapor  and  air  will  not 
explode  unless  brought  in  contact  with  flame  or  sub- 
jected to  a  temperature  of  from  1,000°  to  1.200°  F. 
At  higher  pressures,  explosion  may  take  place  at 
lower  temperatures. 

«** 
(96)    I  thought  of  injecting  kerosene  oil,  dropjbj 
drop,  into  a  boiler,  to  prevent  scale  formation,    will 
this  injure  the  boiler  ?  W.  J.  K.,  Erie,  Pa. 

Anb.— Kerosene  will  not  do  any  harm,  except  that, 
when  used  in  too  large  quantities,  it  may  cause 
foaming.  Your  proposed  plan  of  introducing  it  is 
the  correct  one. 


(99)  (a)  In  the  case  of  an  ordinary  dynamo,  but  a 
small  percentage  of  the  generated  current  is  used  to 
energise  the  field  magnets:  that  is  to  say,  out  of  a 
total  of  10  or  15  amperes,  only  1  ampere,  perhaps,  is 
necessary  to  energise  the  field.  Will  this  proportion 
hold  good  when  tne  fields  have  a  very  low  degree  of 
magnetization,  say  500  lines  per  sq.  in.?  (5)  With 
any  given  number  of  armature  colls  and  commuta- 
tor segments,  what  construction  would  be  best  to 
give  a  direct  current  as  free  as  possible  fh>m  minute 
variations  in  voltage  ?   A  unipolar  dynamo  does  not 
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giTe  prcwnre  enough,  and  oommutator  machinM 

gve  a  nnaU  bat  rapid  fluctuation  of  cuxrent  that 
terf«rei  with  ezperimenta  I  am  maUng.  (e)  I 
have  a  nnall  ring  armature.  If  I  arrange  ionr  fieldB 
and  four  bruahet,  can  I  draw  off  two  currents  and 
keep  them  independent  ?  I  wish  to  vary  one  current 
without  afi^etinff  the  other;  the  two  pain  of  fields 
are,  of  course,  independent. 

O.  R.,  Deer  Lodge,  Mont. 
Arb.— (a)  If  the  magnetisation  used  in  the  field  is 
yery  low,  the  proportion  of  current  required  for 
excitation  should  be  even  lower  than  that  usually 
required,  because  a  fewer  number  of  ampere-toms 
would  be  needed  to  set  up  the  lower  density;  and 
with  a  small  number  of  ampere-turns,  there  would 
be  plenty  of  room  to  put  on  an  economical  winding. 
(5)  The  only  way  we  know  of  to  reduce  the  fluctua- 
tions is  to  use  a  large  number  of  armature  coils  and 
commutator  bars.  If  you  wish  a  perfectly  steady 
current  for  experimental  work,  we  would  advise  you 
to  use  a  storage  battery.  Eren  if  you  had  perfectly 
smooth  commutation  you  would  be  troubled  with 
fluctuations  due  to  slight  changes  in  speed,  (c)  It 
would  not  do  to  run  a  ring  armature  as  you  suggest. 
If  the  two  fields  were  excited  independently  of  each 
other,  the  chances  are  that  one  would  be  stronger 
than  the  other.  This  would  set  up  unbalanced  E.  M. 
F.'s  in  the  dUfierent  parts  of  the  winding,  and  give 
rise  to  local  currents  in  the  armature.  A  better  way 
would  be  to  excite  the  fields  together,  so  that  they 
would  all  be  of  the  same  strength,  and  haye  two  sep- 
arate windings  on  the  armature  connected  to  the 
commutator.  Eren  with  this  arrangement  it  is 
questionable  whether  taking  current  from  one  wind- 
ing would  not  affect  the  £.  M.  F.  generated  in  the 
other,  owing  to  the  influence  of  armature  reaction. 


(102)  On  a  building  that  I  am  constructing  there 
is  a  gable  running  into  a  conical-tower  roof.  Explain 
how  the  line  of  intersection  between  the  two  rooft 
can  be  found,  both  in  plan  and  elevation. 

J.A.W.,  NewYork,N.Y. 

Anb.— In  "The  Building  Trades  Magazine,"  Febru- 
ary and  April,  1899,  are  articles  treating  on  the  inter- 
section of  a  hip  roof  with  a  conical  tower.  The  same 
method  therein  used  applies  to  the  present  problem, 
m  this  case,  the  line  a"'  Os.  Fig.  1,  page  141,  of  the 
February  issue  of  the  magazine  named  above,  corre- 
sponds to  the  eave  of  the  gable,  while  a  line  drawn 
through  I  and  parallel  to  a'"  Os  would  be  the  ridge 
line.  The  intersection  on  plan  would  be  found  pre- 
cisely the  same  as  the  line  ok  di  eg/ is  found.  These 
magazines  can  be  obtained  from  The  Colliery  Engi- 
neer Co.,  Scranton,  Pa.,  for  10  cents  per  copy. 
« 

(lOB)  In  "  Home  Study  Magazine,"  December,  1806, 
I  read  the  article  entitied^^e  Qas  Bill,"  but  it  does 
not  answer  my  case.  When  my  meter  was  put  in  the 
house  it  read  20,700.    It  now  reads  12,500.    I  have 


What  the  meter  read  when  put  in. 


(100)  (a)  Tell  me  how  to  estimate  the  amount  of 
enirent  a  SO  H.  P.  motor  is  taking  when  there  is  a 
4004unpere  shunt.  There  are  80  divisions  on  an 
ammeter,  and  the  pointer  indicates  85  divisions, 
(b)  Oould  we  use  the  same  shunt  with  a  5  H.  P. 
motor,  or  must  we  procure  a  smaller  one? 

A.  8.,  Long  Island  City. 
Amb.— (a)  If  the  ammeter  gives  a  deflection  of 
80  divisions  with  400  amperes  through  the  shunt,  the 
cuirent  fbr  a  deflection  of  85  divisions  should  be 
about  H  X  400  =  175  amperes,  assuming  that  the 
sciae  Is  proportional  throughout,  (b)  It  would  not 
do  to  use  another  shunt  with  the  instrument:  the 
same  shunt  should  answer  either  for  large  or  small 
currents.  Shunts  should  always  be  used  with  the 
instruments  for  which  they  are  made,  because  their 
resistance  has  been  accurately  adjusted  with  refer- 
ence to  that  of  the  instrument,  and,  if  changed  in 
any  way,  the  readings  of  the  instrument  will  be 
inaccurate. 

.♦» 

(101)  (a)  Why  is  it  that  in  drop-cord  for  incandes- 
cent lamps  one  wire  is  covered  with  cotton  in  each 
group  of  wires  that  together  form  the  conductor?  (b) 
m  a  field  rheostat  for  a  dynamo  the  resistances  are 
fine  wires  embedded  in  enameled  disks.  These  disks 
are  lettered,  12  being  marked  M;  7,  N;  6, 0:  6,  P;  ^  T: 
2,  U;  8,  W;  2,  X;  and  8,  T.  Can  you  tell  me  what 
resistance  each  letter  indicates? 

H.  O.,  Femie,  British  Columbia. 
Amb.— <a)  This  insulated  wire  is  not  used  In  all 
lamp  cord,  and  it  was  probably  used  in  the  case  you 
mention  to  meet  some  requirement  while  b^ng 
manuflictured.  Possibly  the  addition  of  this  wire 
made  the  others  strand  up  in  better  shape,  or  perhaps 
the  stock  of  bare  wire  was  found  to  be  running  low 
and  an  insulated  wire  used  instead.  The  use  of  this 
single  insulated  wire  is,  however,  by  no  means  gen- 
eral. (6)  We  have  no  means  of  telling  the  value  of 
tbese  resistances.  Your  best  plan  would  be  to  write 
to  the  manufacturers  of  the  rheostat. 


What  the  meter  read  one  m<mth  later. 

been  using  the  gas  only  a  little  over  one  month,  (a) 
Will  you  or  some  of  your  practical  readers  explain 
why  the  meter  reads  this  way?  (5)  Am  I  or  Is  the 
gas  company  the  loser  if  this  reading  is  correct? 

A.  E.,  BuflUo,  N.  Y. 
Am.— We  invite  our  experienced  readers  to  help 
the  inquirer  out  of  his  dilemma. 


(104)    We  have  16  telephones  (10,000  ohms)  < 
lectea  In  series  on  a  line  8  mi.  long.    The  t 


con- 
nected in  series  on  a  line  8  mi.  long.  The  tele- 
phone-line wires  are  on  the  same  poles  with  the 
electrio-light  lines  and  are  transposed  every  25  rd., 
but  the  induction  from  the  latter  lines  interferes 
seriously  with  the  use  of  the  telephones.  How  can 
the  trouble  be  overcome  and  the  telephones  still  kept 
on  one  circuit,  so  that  a  switchboard  will  not  be 
required?  £.  £.  B.,  Johnson,  Vt. 

Ans.— Yon  have  so-called  "series  telephones,"  the 
resistances  of  the  bells  of  which  are  from  80  to  120 
ohms;  the  10,000  ohms  means  that  the  generator  is 
capable  of  ringing  the  bell  through  10,000  ohms. 
You  might  first  try  placing  the  two  telephone-line 
wires  as  near  together  as  it  is  safe  to  put  them  with- 
out causing  accidental  crosses,  and  as  far  fr^m  the 
electric-light  lines  as  possible  without  using  a  sepa- 
rate pole  line;  also,  put  your  electric-light  lines  as 
close  together  as  you  can.    However,  unless  you  can 
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alM  connect  the  telephones  in  pain,  one  in  each 
line  at  the  nme  place,  it  is  not  likely  that  yon  can 
get  satisfactory  seryice  with  the  telephones  all  in 
series;  16  telephones  in  one  series  circuit  make  a 
very  bad  arrangement  onder  any  conditions.  A  far 
better  method  would  be  to  get  regular  "  bridging '* 
telephones,  and  connect  them  in  multiple;  this 
would  remedy  your  trouble.  Bridging  telephones 
have  high-resistance  bells  (600  to  1,000  ohms)  and 
generators  that  should  be  powerAil  enough  to  ring 
all  the  bells  when  the  telephones  are  connected  in 
multiple.  Bridging  telephones  are  especially  suita- 
ble, and  are  made  by  various  telephone  manufke- 
turing  companies  for  Just  such  systems  as  yours. 


(106)  I  am  building  a  house  and  want  a  supply  of 
hot  water  in  the  bathroom,  and  also  wish  to  heat 
this  room  by  placing  the  hot-water  tank  in  it.  I 
will  not  have  a  stOTC  except  an  oil  one,  and  want  to 
heat  the  water  ^  means  of  a  coll  in  the  fireplace  in 
the  basement.  The  bathroom  is  on  the  floor  above. 
There  Is  a  water  closet  in  the  bathroom,  but  no  wash 
basin,  (a)  Could  a  coil  placed  in  the  basement  fire- 
place heat  the  water  in  the  hot-water  tank?  (b) 
what  size  should  the  coil  be,  and  how  would  yon 


peosate  for  this.  The  pipes  in  this  coil  would  be 
about  TV*  centers,  which  would  make  the  coil  8  or  9 
in.  deep  over  all.  Connect  the  pipes  as  shown  in  the 
accompanying  sketch;  that  is  to  ssy,  run  the  cold- 
water  pipe  ftom  the  dstem  direct  to  the  boiler,  in  the 
ordinary  manner,  branching  off  for  the  bath  and 
water-closet  tank.  Connect  the  upper  part  of  the 
coil  to  a  V*  galvanised-iron  pipe  a;  continue  this 
straight  to  the  bath,  pitching  upward.  Take  off 
a  f"  branch  to  the  bath;  continue  the  \"  pipe  up  to 
the  level  of  the  top  of  the  boiler  and  connect  with 
an  expansion  pipe  6  as  shown.  Run  another  V  pipe 
c  ftom  the  bottom  tapping  of  the  boiler  direct  to  the 
lowest  opening  of  the  coil,  for  circulation.  Place  a 
stop-cock  on  the  sediment  pipe  at  d,  to  blow  off  the 
boiler  and  coil  when  desired.  Run  this  sediment 
pipe  through  your  wall  and  let  it  discharge  on  the 
surfluse  of  the  ground  a  little  way  down  the  hill. 
Place  the  stop-cock  underneath  the  hearth,  and  you 
can  use  a  loose  tile  or  a  small  brass  plate  to  cover  It. 
Supply  the  boiler  fh>m  above,  with  cold  water  fh>m 
the  dstem,  in  the  ordinary  manner,  running  a  |" 
pipe  up  through  the  roof,  to  prevent  air  firom  accumu- 
lating at  that  point,  and  shutting  off  the  supply. 


Sot'/ Pip0  yent^ 


:a. 


connect  it  with  tank?  The  water  supply  is  to  come 
from  a  dstem  7  ft.  deep,  the  bottom  of  wnich  is  on  a 
level  with  the  top  of  the  water-closet  tank,  (e)  Will 
the  presKire  from  the  dstem  be  suflldent  to  work 
the  water-closet  tank  ?  The  house  is  being  built  on  a 
hillside,  and  the  cistern  will  be  up  hill  ttcm  the 
house,  about  25  ft.  awav.  The  sewer  pipe  runs  down 
hill  to  a  point  100  yd.  ttom  the  house,  (d)  How 
wotild  you  dispose  of  the  sewage  ? 

C.  R.  8.,  Rome,  Ga. 

Ans.— (a)  Yes.  (b)  The  size  of  the  coll,  of  course, 
depends  considerably  on  where  you  locate  it,  and 
the  kind  of  fuel  you  propose  to  bum.  Assuming 
that  the  coil  is  located  at  the  back  of  an  ordinary 
coal  fire,  it  would  be  safe  for  you  to  make  it  out  of  V 
copper  pipe,  having  a  surface  of  1  sq.  ft.  exposed  to 
the  heat  of  the  fire;  1  sq.  ft.  of  surface  is  equal  to  8 
lln.  ft.  of  pipe,  and  if  the  back  of  the  fire  is  about 
14  in.  wide,  8  pipes  deep  would  do  the  work.  But  yon 
cannot  count  on  the  back  surface  of  the  pipes  as 
very  effective  heating  surface;  therefore,  we  would 
suggest  that  you  give  the  coil  another  pipe,  to  com- 


The  expansion  pipe  b  serves  the  same  purpose  on  the 
hot-water  pipe.  This  arrangement  of  drenlatton 
will  fnmlsh  hot  water  to  the  bath  as  soon  as  it  Is 
heated  in  the  coll.  You  do  not  have  to  wait  for  the 
boiler  to  heat,  because  the  boiler  in  this  system  Is 
simply  a  storage  tank  to  take  up  surplus  hot  water. 
(c)  Yes;  the  pressure  will  be  strong  enough  when  the 
dstem  is  ftill,  but  when  it  Is  nearly  empty,  the  water- 
closet  tank  will  fill  too  slowly.  If  you  can  raise  the 
dstem  another  foot,  you  will  obtain  better  results, 
and  there  will  be  no  danger  of  the  doset  tank  filling 
with  the  last  dregs  of  the  dstem.  Run  a  1"  pipe 
ftom  the  dstem  to  the  boiler,  a  ^'  branch  to  the 
bath,  and  a  |"  to  the  water  doset  A  f '  pipe  Is 
generally  used  for  water  closets,  but  the  h]rdraullc 
head  is  so  low  that  we  think  it  is  advisable  fbr  you  to 
use  a  I''  pipe,  (d)  The  best  method  of  disposing  of 
the  sewage  depends  on  the  locality.  You  seem  to 
be  wdl  fisvored  with  conditions,  because  you  oan 
deliver  it  100  yd.  fh>m  the  house.  It  will  cost  con- 
siderable money  to  run  a  4"  sewer  pipe  100  yd.,  and 
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ainoe  your  hoiue  is  in  the  country  and  the  clBtem  so 
high  on  the  hill,  we  would  luggeet  that  you  make  a 
leaching  oenpool  about  160  ft.  fh>m  the  house,  down 
the  hill,  and  ran  the  sewer  into  that  Place  a 
trap  on  your  sewer  pipe,  Just  outside  the  cellar 
wall,  with  a  fresh-air  inlet  attached.  Run  the  soil 
pipe  up  through  the  roof,  to  a  point  2  ft  above  the 
ridge.  Place  a  ventilating  grating  over  your  cess> 
pool  and  yon  will  have  a  pretty  good  Job. 

••• 

(106)  We  are  ranning  two  16  K.  W.  compound- 
wound  Edison  dynamos  in  series  on  the  three-wire 
system;  apparently,  they  are  exactly  alike.  In  the 
case  of  the  positive  machine  it  is  neressary  to  shift 
the  resistance  in  the  shunt  for  every  little  change  of 
load,  in  order  to  keep  the  potential  constant  while 
with  the  necative  machine  it  is  only  necessary  to 
shift  the  reustance  two  or  three  times  during  the 
night  with  a  change  ftom  \  to  ithe  load.  Can  you 
give  a  reason  for  this?      B.  H.,  Areckenrldge,  Goi. 

Am.— It  may  oe  that  the  field  magnet  of  the 
machine  referred  to  is  unstable;  i.  e.,  it  is  worked  at 
inch  a  degree  of  magnetisation  that  nnall  changes 
of  field  current  produce  wide  changes  in  field 
strength  and  voltage.  It  might  help  matters  to 
exdte  the  shunt  coils  of  the  machine  giving  the 
trouble  by  connecting  them  across  the  terminals 
of  the  other  machine,  instead  of  allowing  it  to  excite 
its  own  fields.  Of  course,  there  would  be  a  field 
rheostat  for  each  machine,  so  that  the  field  current 
of  each  would  be  capable  of  independent  adjust- 
ment M  before. 

»•• 

a07)  (a)  What  is  meant  by  uslngthe  term  ' '  solen- 
oid." or  what  is  a  solenoid  7  (b)  how  can  the  siie 
of  copper  wire  be  determined  when  used  in  connec- 
tion with  lighting  work,  the  E.  M.  P.  of  the  circuit 
being  glTcn.  and  also  the  candlepower  of  the  lamps? 
Is  the  return  wire  taken  into  consideration  T.  (e) 
How  is  the  current  delivered  by  an  induction  coil 
made  alternating?  (d)  What  is  the  resistance  of 
copper  wire? 

P.  W.,  U.  a  8.  Massachusetts,  New  York. 

Ai«.— (a)  The  term  "solenoid"  is  usually  used  to 
doaote  a  coll  of  wire  of  cylindrical  form,  the  length 
of  >lilch  is  large  compared  with  its  diameter.  The 
term  alao  usually  conveys  the  idea  that  the  coil  is 
not  wound  on  an  Iron  core,  but  is  open  through  the 
center,  (b)  In  addition  to  the  voltage  of  supply 
and  the  slxe  of  lamps,  you  must  also  know  the 
number  of  lamps,  the  distance  from  the  dynamo  'to 
the  lamps,  and  the  percentage  loas  that  is  to  be 
allowed  in  the  line.  The  following  formula  may  be 
used:  Circnlar  mils  => 

10.8  X  double  distance  in  feet  x  current 


voltage  X 


per  cent,  drop 
100 


Par  example,  required,  the  sise  of  wire  necessary  to 
•apply  one  hundred  16  c.  p.  110-volt  lamps  situated 
20O  ft  timBL  the  dynamo.  The  allowable  drop  or  loss 
in  pressure  is  to  be  2j(.  The  current  has  to  travel 
20O  ft  to  the  lamps  and  200  ft.  back,  the  total  length 
of  wire  through  which  the  current  passes  being 
400  ft  The  total  current  will  be  about  50  amperes, 
because  one  16  c  p.  lamp  takes  about  \  ampere  at 
110  volts.    Applying  the  formula,  we  have :  Circular 

mils  -  ^^5^^-^  -  88,100,  approximately.  We 

find  by  looking  up  a  B.  &  S.  wire  table  that  No.  0 
wire  will  have  to  be  used.  This  wire  has  1 06,684 
drenlar  mils  cross-section,  which  is  a  little  larger 
than  required,  (e)  The  primary  circuit  is  inter- 
rupted hj  means  of  the  contact  maker,  and  this 
causes  the  magnetism  in  the  iron  core  to  increase 
and  fUl  to  sero  every  time  the  circuit  is  made  and 
broken.  When  the  magnetism  is  increasing  through 
the  secondary  ooil,  it  induces  an  E.  M.  P.  in  one 


t 


A 



Ay 

direction,  and  when  it  decreases  it  induces  an 
E.  M.  P.  in  the  opposite  direction,  thus  giving  rise  to 
an  alternating  current  in  the  secondary,  (d)  The 
resistance  of  1  ft.  of  copper  wire  x^  ^^'  ^  diameter 
is  about  10.8  ohms.  Por  the  resistances  of  various 
8l2es  of  wire,  consult  any  good  wire  table. 

(106)  What  size  I-beam  lintel  will  be  required  to 
support  the  18"  wall  as  shown  in  the  accompanying 
sketch?  I  wish  to  know  what  size  beams  will  be 
required  when  the  opening  A  Is  located  as  shown 
with  the  fUll  lines,  and  when  it  is  situated  as 
designated  on  the  sketch  with  dotted  lines. 

R.  P.  B.,  Sioux  City,  Iowa. 

Am.— If  the  lintel  is  supported  fh>m  beneath 
while  the  wall  is  being  erected,  and  the  supports 
are  left  in  place 

until  the  brickwork     .  .   ^ H 

is  set  the  wall  will 
naturally  corbel,  or 
arch,  itself;  and, 
with  the  opening  to 
one  side,  as  at  A^  or 
moved  toward  the 
center,  as  shown 
dotted,  the  amount 
of  brickwork  to  be 
supported  will  be 
either  the  trapesoid 
aefd,or  the  triangle 
agd.  In  either  case, 
two  6"  12-lb.  beams 
will  be  ample,  and, 
in  fact  one  would 
be  sufficient;  but  in 
order  to  seeurea  good 
bearing  for  the  wall 
it  would  be  advisa- 
ble to  use  two  placed 
side  by  side.  The  best 
practice  in  a  case  of 

this  kind,  where  the  wall  above  the  lintel  is  broken 
with  several  window  openings.  Is  to  consider  the  lin- 
tel as  supporting  all  that  part  of  the  wall  included 
between  parallel  lines  erected  at  its  abutments.  Con- 
sidering the  problem  in  this  manner,  the  lintel  in  this 
case  would  support  the  portion  of  the  wall  abed, 
deductions  being  made  for  the  window  openings. 
The  besms  would  then  be  somewhat  heavier,  and 
two  9"  21-lb.  beams  would  have  to  be  used.  In  deter- 
mining the  sizes  of  the  preceding  lintels,  the  floor 
Joists  or  girders  were  assumed  to  be  parallel  with  the 
wall,  and,  consequently,  there  was  no  floor  load 
taken  as  coming  upon  the  lintels. 

*  « 

(100)  I  have  a  steam  heater  in  my  cellar,  and 
have  noticed  that  when  the  cellar  doors  and 
windows  are  all  closed,  the  damper  weights  have  to 
be  shifted  ftom  the  position  they  were  m  when  the 
cellar  was  open.  If  they  are  not  changed  then,  the 
steam  pressure  will  rise  until  the  safety  valve  blows. 
Please  explain.  P.  P.  D.,  Worcester,  Mask 

Ans.— There  is  only  one  apparent  reason  why  your 
steam  heater  should  act  in  this  manner,  and  that  is 
that  the  supply  of  air  to  the  fire  is  not  properly  shut 
off  when  the  air-inlet  damper  to  the  ash-pit  is  closed. 
There  must  be  some  very  loosely  fltting  parts  that 
allow  air  to  get  .at  the  flre  when  everything  should 
be  shut  off.  When  the  cellar  is  closed,  the  pressure 
of  the  cellar  air  Is  lowered,  and  air  does  not  flow  so 
fkreely  through  the  crevices  and  into  the  ash-pit  then 
as  it  does  when  the  cellar  Is  open.  The  ilre,  there- 
fore, vfiU  burn  more  briskly  when  the  cellar  is  open 
than  when  it  is  closed,  and  steam  is  generated  more 
rapidly  when  the  cellar  is  open.  In  conjunction 
vrith  the  fluctuation  of  air  supply  to  the  fire,  is  the 
fact  that  the  cellar  is  usually  opened  during  mild 
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weftthsr,  and  the  radiators  then  do  not  oondenie 
the  steam  generated  in  the  boiler  as  rapidly  as  they 
do  when  the  weather  is  cold  and  the  cellar  closed. 

* 


(110)  (a)  Kindly  describe  a  hook  gauge  and 
explain  its  porpose.  (b)  Please  give  a  sKetch  with 
dimensions  for  a  gauge  ihat  can  oe  made  f6r  a  1-ft. 


r  t 


or  a  &-ft.  length.  C.  H.  W.,  Jr.,  Boston,  Mass. 

Ans.— (a)  A  hook  gauge  is  a  device  for  making 
accurate  measurements  of  the  height  of  water.  It  is 
most  often  used  in  weir  measurements,  for  finding 
the  height  above  the 
crest  of  the  water  in 
the  stream  that  flows 
OT|er  the  weir.  The 
accompanying  figure, 
together  with  the  fol- 
lowing description,  will 
make  clear  the  princi- 
ples of  construction  and 
the  method  of  using 
the  instrument:  A  hook 
a  Is  attached  to  the  lower 
end  of  a  sliding  scale  6. 
The  scale  is  graduated  to 
hundredths  of  a  foot,  and 
is  provided  with  a  ver- 
nier by  means  of  which 
it  can  be  read  to  thou- 
sandths. The  scale  and 
hook  can  be  raised  or 
lowered  by  means  of  the 
screw  «.  The  instrument 
is  fastened  securely  to 
solid  and  substantial 
beams  or  masonry,  at  a 
point  over  the  water  a 
few  feet  up  stream  from 
the  weir,  and  where  the 
surface  of  the  water  is 
quiet  and  protected  fh>m 
the  influence  of  wind  or 
eddies.  The  gauge  is  set 
so  that  the  scale  will 
read  zero  when  the  point 
of  the  hook  is  at  the  same 
level  as  the  crest  of  the 
weir.  When  the  point 
of  the  hook  is  raised  to 
the  surface  of  the  water. 
It  lifts  the  surface 
slightly  before  breaking 
through.  To  use  the 
gauge,  start  with  the 
hook  below  the  surface 
of  the  water  and  raise  it 
slowly  until  a  slight 
pimple,  caused  by  the 


^V  \^|  lifting  of  the   surface, 
I    J  J  ftPP«»rs  over  the  point; 


^  the  reading  of  the  scale 

—  for  this  position  of  the 

hook  gives  the  head  on  the  crest,  (b)  The  above 
description  should  be  suflicient  to  enable  a  skilled 
Instrument  maker  to  construct  a  gauge  of  any  length. 

••♦ 

(111)  (a)  Is  there  a  general  rule  by  which  the 
location  of  the  brushes  on  a  dynamo  or  motor  can  be 
determined,  t  e.,  the  position  in  which  the  brushes 
are  to  be  set?  (b)  Can  I  get  a  book  treating  on  the 
construction  of  electric  and  hydraulic  elevators? 
M.  B.,  Watsessing,  N.  J. 

AiiB.^a)  In  the  case  of  a  dynamo,  the  brushes 
should  be  set  slightly  forward  in  the  direction  of 
rotation  from  the  neutral  point.  The  neutral  point 
is  generally  either  in  line  with  the  center  of  the 


space  between  the  pole  tips  or  in  line  with  the  center 
of  the  pole  piece,  depending  on  how  the  armature 
connections  are  brought  to  the  commutator.  If  the 
leads  are  brought  out  straight,  the  neutral  point  will 
be  opposite  the  center  of  the  space  between  the  poles. 
If  they  are  bent  through  an  angle  equal  to  half  the 
distance  between  the  centers  of  the  poles,  the  neutral 
point  will  come  opposite  the  centers  of  the  pole 
pieces.  In  any  case,  the  proper  position  for  the 
brushes  is  at  the  point  where  there  is  the  least  spark- 
ing. When  a  motor  is  arranged  so  that  its  direction 
of  rotation  is  reversed,  the  brushes  must  be  placed  at 
the  neutral  point,  (b)  We  do  not  know  of  any  book 
on  this  subject.  Most  of  this  information  has  ap- 
peared in  various  papers  read  before  engineering 
societies.  You  might  obtain  the  information  you 
need  from  the  two  following  papers  read  before  the 
American  Society  of  Mechanical  Engineers  at  the 
Washington  meeting  in  June,  1899 :  "  The  Plunger 
Elevator,"  by  Geo.  I.  Alden;  and  "  Elevators,"  by 
Charles  R.  Pratt  These  papers  may  be  obtained  by 
writing  to  the  secretary  of  the  American  Society  of 
Mechanical  Engineers,  New  York  City. 


(112)  (a)  Give  a  rough  sketch  of  a  simple  engine- 
shaft  governor,  and  state  how  it  works,  (b)  Could 
it  be  used  on  a  small  engine— say  about  I  H.  P.?  (c) 
How  much  should  the  ball  of  the  steam  safety 
valve  shown  in  the  sketch  weigh,  and  how  £sr 
should  it  be  moved  out  to  blow  off  at  50-lb.  and 
100-lb.  pressure?  (d)  Does  ^'  gas  pipe  measure  f  in. 
Inside  alameter,  or  more?    J.  K.,  Cincinnati,  Ohio. 

Akb.— (a)  The  space  in  these  columns  is  too  limited 
for  a  comprehensive  answer  to  this  question,  (b) 
Yes;  but  they  are  not  generally  used  on  such  small 
engines,    (c)  You  have  not  given  sufliclent  data  to 


enable  us  to  give  you  the  required  information. 
The  distance  L  from  the  ftilcrum  may  be  found  by 

the  following  formula:   L  =  ^^^I^^^\  where p  = 

blow-off  pressure  (100  lb.  per  sq.  in.  in  your  example); 
a  =  area  of  valve;  w  =  downward  pressure  due  to 
valve  and  lever,  as  measured  by  a  spring  balance 
attached  directly  over  the  valve  stem;  I  —  distance 
from  ftilcrum  to  valve  stem;  and  W  =  weight  of  bail. 
As  an  example,  suppose  W  =  e  lb.;  u;  =  2  lb.;  {  = 
1  in.;  p  =  100  lb.  per  sq.  in.  The  ixiside  diameter  of 
the  nipple  being  .67  in.  (=  outside  diameter  of  f 
pipe),  a  =  .7854  X  .07*  =  .35  sq.  in.  Then  we  have 
^^(100X.35-2)Xj^        „      «J)In-dedUm. 

D 

eter  of  %"  gas  pipe  measures  .49  in.  (nearly  |  in.). 

* 
«  « 

(113)  I  have  a  dynamo,  the  armature  of  which  is 
built  up  of  laminations  3|"  X  3''.  It  has  16  slots, 
V'  X  k'\  luad  the  commutator  has  16  segments.  The 
field  core  is  5"  x  2"  soft  steel.    The  speed  is  8,600 
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R.  P.  M..  and  the  armature  runs  within  ^  in.  of  the 
field,  what  gizee  of  wire  should  be  nied  to  make  it 
light  4  lights.  110  Tolts,  16  c.  p.?  If  tou  think  it  is 
too  small  to  light  4  lights,  gire  me  the  winding  for 
3  lights,  or  as  many  as  you  think  safe  without  burn- 
ing it  out  N.  G.  B.,  Muscatine,  Iowa. 

Ams.— Wind  the  armature  with  No.  22  B.  &  S. 
double  cotton-covered  wire,  using  72  turns  per  ooil 
and  16  coils;  this  will  make  144  conductors  in  each 
slot.  Each  ooil  will  consist  of  6  layers  of  12  turns 
per  layer.  If  you  wish  a  series  winding  on  the  field. 
No.  16  wire  should  be  used.  We  are  unable  to  give 
the  winding  that  should  be  used  for  a  shunt  field,  as 
you  have  not  given  sufficient  data.  The  winding  as 
given  above  should  be  capable  of  delivering  current 
for  about  8  lamps. 

« 
«  * 

(114)  How  can  I  make  a  small  4-pole  dynamo  of 
about  1 H.  P.  capacity  ?         W.  R.,  ialegheny,  Pa. 

Amb.— We  cannot  undertake  to  make  calculations 
for  dynamos  or  motors  in  these  columna  Your 
best  plan  would  be  to  get  a  book  on  the  subject. 
There  is  a  book  published  entitled  '*  How  to  Make  a 
One-Horsepower  Dynamo,"  by  A.  C.  Watson.  This 
might  give  you  the  information  you  need,  although 
we  are  not  sure  that  the  machine  described  is  of  the 
4-pole  type.  Machines  of  such  small  size  are  usually 
built  with  two  poles.  The  price  of  the  above  book 
is  50  cents,  and  it  can  be  obtained  Arom  The  Technical 
Supply  Co.,  Scranton,  Pa. 


(115)  What  is  the  area  of  a  triangle,  the  lengths  of 
whose  sides  are  8  ft,  9  ft.,  and  10  ft.? 

T.  J.  D.,  Mt.  Carmel,  Pa. 

Am.— Let  A  equal  the  area,  and  a,  b,  and  c  the 
lengths  of  the  three  sides;  then. 

For  convenience,  represent  the  8-ft  side  by  a,  the 
10-ft.  side  by  d,  and  the  9-ft.  side  by  e;  substituting 
these  values  of  a,  b,  and  c  in  the  formula. 


_  10     C~  /8t  +  i0«-9i"\« 

-  2\^~v~2-xior~/ 


).68+  sq.  it. 


(116)  (a)  Explain  how  or  why  an  incandescent 
lamp  taking,  approximately,  |  ampere  at  112  volts 
can  Decalleaa8.1-wattlamp.  (b)  is  the  following 
solution  of  the  accompanying   rule    correct?     if 

not  explain     ^-'^  X_<»??^»EiJ *?  ^e^_^  ??«) 
^      *^  watts  In  use 

=  seconds  per  revolution  of  meter  disk.    Suppose  we 
take  four  16  c.  p.  lamps,  requiring  60  watts  each;  this 
240  watts.   The  constant  of  the 
1,800 


240 


?  =  7jsec. 


6  C.  p.  1 
gives  us  60  X  4  = 

meter  is  f   We  then  have  ^^^^-  ■■ 

for  each  revolution  of  the  disk;  consequently,  if  the 
meter  is  correct,  it  will  take  74  sec.  for  the  disk  to 
make  1  rev.  B.  H.,  Breckenrldge,  Ool. 

Am.— (a)  The  8.1  watts  refers  to  the  watts  required 
for  candlepower.  For  example,  if  the  lamp  were  of 
16  0.  p.  and  required  |  ampere  at  112  volts,  it  would 
take  a  total  of  56  watts,  and  the  watts  per  candle- 
power  woold  be  ft  »  8.5.  The  number  of  watts  per 
candlepower  is  a  measure  of  the  efficiency  of  the 
lamp,  and,  hence,  lamps  are  often  referred  to  in  this 
way.    (fr)  Your  solution  is  correct 

••. 

(117)  (a)  Explain  why  an  induction  ooil  will  not 
operate  a  small  motor.  The  motor  will  run  with  the 
same  oeU  thatnms  the  ooil.  (6)  Why  will  the  ooil 
not  light  a  small  seriea-lamp? 

W.  J.  a,  Belleville.  111. 

Am.— (a)  The  coil  will  not  operate  the  motor 
because  the  current  delivered  by  it  is  alternating; 
L  e;,  it  flows  first  in  one  direction  and  then  in  the 
other.    The  motor  requires  a  direct  current  such  as 


that  fhmished  by  the  battery.  Another  reason  la 
that  the  volume  of  current  delivered  by  the  ooil  is 
very  small,  although  the  K  M.  F.  is  high.  The 
battery  motor  is  wound  for  a  small  E.  M.  F.,  and  a 
comparatively  large  current,  so  that  even  if  the 
current  were  not  alternating,  it  would,  in  all  prob- 
ability, not  operate  the  motor,  (b)  It  will  not 
operate  a  lamp  because  the  coil  does  not  fUmish  a 
current  of  large  enough  volume  to  heat  the  filament. 


(118)  Explain  how  to  calculate  the  strength  of  a 
hook  to  go  over  the  flange  of  a  10"  I  beam,  as  per 
sketch.  A.  P.  L.,  New  Haven.  Conn. 

Aks.— The  load  P  that  each  of  the  branches  of  the 
hook  will  carry  for  each  inch  of  width  may  be  cal- 
culated, approximately,  by  the 
formula: 


P- 


St 


1  + 


6a 


'(-.4) 


in  which  S  is  the  allowable  flber 
stress  per  square  inch  of  sectional 
area  of  the  material  of  which  the 
hook  is  made;  I  is  the  thickness 
of  the  plate  from  which  the  hook 
is  made;  a  is  the  distance  from  a 
line  drawn  perpendicular  to  the 
flange  of  the  beam  through  the 
point  at  which  the  hook  is  assumed 
to  be^  on  the  flange  to  a  parallel 
line  tangent  to  the  curve  whose 
radius  is  r;  the  length  of  the  radius 
r  of  the  curve  to  which  the  hook 
is  bent  is  measured  flrom  the  cen- 
ter of  the  curve  to  the  middle  line 
or  axis  of  the  hook.    As  an  exam- 
ple of  the  application  of  this  for- 
mula, we  will  assume  the  hook  to 
be  made  of  i"  iron  having  an  allowable  stress  8  oi 
10,000  lb.  per  sq.  in.    Assuming  a  standard  10"  steel  I 
beam,  the  distance  a  may  be  taken  as  1  in.,  and  the 
radius  r  as  I  in.    Substituting  these  values,  we  have 
10,000  XJ_ 
1    .  6X1 


P  = 


J?JP 


=  108+  lb. 


1  + 


K^+2X|) 


The  load  per  inch  of  width  that  the  two  branches 
of  the  hook  will  carry  under  the  assumed  conditions 
is  2  P  »  206  lb. 

*\ 

(119)  (a)  I  have  heard  of  an  electric  gas  isnlter 
that  does  not  require  the  house  to  be  wired  for  its 
use.  Where  could  I  obtain  information  regarding 
this  igniter?  (b)  How  long  will  a  gravity  battery  last 
on  a  Durglar  alarm  if  the  battery  is  short-drcnlted 
9  hours  per  day?  (c)  Is  one  battery  sufficient  for  a 
circuit  of  800  ft.?  (d)  Is  a  gravity  battery  in  any 
way  affiBcted  by  the  weather  ?  (e)  Does  it  make  any 
difference  as  to  the  strength  and  life  of  a  sal-am- 
moniac battery  whether  warm  or  cold  water  is  used 
to  mix  up  the  solution  ?  W.  A.  T.,  Washington,  D.  C. 

Ams.— (a)  There  is  a  gas  igniter  that  can  be  carried 
around  to  the  diffiwent  gas  Jets  and  applied  to  them 
in  the  same  way  as  an  ordinary  taper.  This  is  the 
only  arrangement  we  know  of  that  does  not  require 
the  house  to  be  wired.  You  can  obtain  these  gas 
igniters  firom  electrical  supply  houses,  such  as  the 
Western  Electric  Co.,  Chicago,  HI.  (b)  A  good  bat- 
tery should  last  at  least  5  months,  (e)  No;  the  num- 
ber of  cells  required  will  depend  laigely  on  the  ease 
with  which  the  annunciator  drops.  At  least  four 
cells  will  probably  be  required,  (d)  Yes;  gravity 
batteries  do  not  work  well  unless  they  are  kept  at  a 
fiEdrly  warm  temperature,  say  60°  or  70^  F.     Their 
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Internal  resistance  increases  if  they  become  cold. 
(€)  No;  warm  water  might  give  better  results  at  the 
time  of  mixing,  bat  after  the  cell  has  cooled  it  woold 
be  no  better  than  if  cold  water  had  been  used. 


(120)  We  haye  a  drilled  well  88  ft  deep;  water 
rises  to  within  15  ft.  of  the  snrihoe;  the  pipe  attached 
to  a  pump  extends  28  ft.  into  the  well.  After  4  or  6 
gal.  of  water  have  been  pamped  out  at  one  time,  the 
water  becomes  brown,  when  allowed  to  stand  for 
several  hoars,  the  pamped  water  is  dear  again. 
What  do  you  think  is  the  cause  ? 

W.  L.  a.  Fostoria.  Ohio. 

Ans.— We  cannot  positively  define  the  cause  of  the 
coloring  of  the  water  withont  a  personal  examina- 
tion of  the  well,  but  It  seems  evident  that  the  water 
near  the  surface  is  colored  with  some  foreign  mat- 
ter. It  may  be  rust  from  the  suction  pipe  or  ttom.  an 
ironstone  vein  about  that  level,  or  it  may  be  some- 
thing else.  It  would  appear  that  when  you  draw 
water  steadUy  for  a  little  while  that  the  water-line 
in  the  well  is  lowered  and  the  colored  water  above 
descends  and  is  ultimately  drawn  up  the  suction 
pipe  and  dischazged  by  the  pump.  When  you  stop 
pumping,  pure  water  flows  into  the  bottom  of  the 
well  and  raises  the  colored  water  to  its  original 
height.  This  may  account  for  your  drawing  clear 
water  out  first  and  colored  water  later  on. 


(121 )  What  is  the  process  of  hardeniujar  machinery 
steel,  such  as  is  used  in  universal  pipe  dies? 

J.  W.  L.,  SeatUe,  Wash. 

Ans.-— As  machinery  steel  can  only  be  case-hard- 
ened, it  is  never  used  for  cutting  tools,  tool  steel 
being  employed  for  that  purpose.  Machinery  steel 
can  be  case-hardened  by  rubbing  it  with  cyanide 
of  potassium  or  prussiate  of  potassium  while  hot, 
and  then  quenching  it;  or  it  may  be  packed  in  bone 
dust,  powdered  charcoal,  or  leather  scrap,  in  an 
air-tight  box«  and  kept  at  a  red  heat  for  about 
10  hours,  and  then  quenched.  Case-hardening  will 
only  harden  the  surfkce  for  a  depth  not  exceeding 
a  few  thousandths  of  an  inch;  hence,  case-hardened 
machinery  steel  does  not  answer  very  well  for 
cutting  tools. 


(122)  How  many  square  feet  of  floor  surface  is  it 
customary  to  allow  for  seating  capacity  ?  I  want  to 
figure  how  many  people  an  apartment  45  ft.  x  80  ft. 
will  accommodate.  W.  I.  H.,  Monroe,  N.  Y. 

Ans.— It  is  customary  in  churches  and  similar 
buildings  to  allot  2  ft.  wide  by  2  ft.  6  in.,  figured  fh>m 
back  to  back  of  persons.  Where  children  are  to  be 
seated,  dimensions  somewhat  smaller  than  these  are 
taken.  According  to  this  data,  your  room,  which 
contains  1,850  sq.  ft.,  would  seat  270  adults,  no  allow- 
ance being  made  for  stage,  platform,  or  aisles,  and, 
consequently,  the  space  occupied  by  these  would 
have  to  be  deducted. 


(128)  (a)  Does  the  United  States  Government  Issue 
licences  to  stationary  engineers  similar  to  those 
issued  by  state  and  municipal  authorities?  (6)  If  so, 
are  there  difTerent  grades,  and  what  are  the  require- 
ments as  to  experience,  etc.? 

J.  H.  P.,  Pullman,  Wash. 

Ans.— (a)  Stationary  engineers  employed  in  cer- 
tain branches  of  the  United  States  Government  ser- 
vice must  pass  an  examination  under  civil-service 
rules,  (b)  Full  information  regarding  the  different 
grades  and  their  requirements  can  be  obtained  from 
The  Civil  Service  Commission,  Washington,  D.  C. 


(124)  (a)  I  have  charge  of  a  dry  kiln  containing 
about  8.000  ft.  of  V  pipe,  150  ft.  of  2"  mains  exposecL 
and  50  it.  of  1}''  mains  exposed.  The  lowest  point  of 
the  drain  pipe  Is  4  ft.  below  the  water-line  of  the  boiler. 


and,  when  improvements  now  under  way  are  mmde, 
the  water-line  in  the  boiler  will  be  about  6  ft  atx>Ye 
the  lowest  point  of  the  drain  pipe.  Can  the  water 
condensed  in  the  kiln  be  returned  to  the  boiler  at  a 
distance  of  200  ft  by  means  of  a  steam  loop  ?  (b)  Can 
you  give  me  any  data  in  regard  to  the  dlmenstona 
required  for  the  return  pipe  of  such  a  loop? 

K  W.  K.,  Hoquiman,  Wash. 
Ans.— (a)  Yes.    (b)  We  would  advise  you  to  con- 
sult Westinghouse,  Church,  Kerr  &  Co.,  26  Cortlandt 
St,  New  York  City,  who  have  charge  of  the  sale  of 
this  device,  which  is  patented. 
« 
«  « 

(125)  Explain  how  to  calculate  the  horsepower 
of  a  steam  turbine  of  the  Parsons  ivpe,  deacribed 
in  "  McClure's  Magazine  "  for  July,  1896. 

G.  B.,  Ludington,  Mich. 
Ans.— We  do  not  know  what  method  is  used  in 
estimating  the  power  of  a  steam  turbine.   The  power 
of  a  turbine  that  has  been  built  can  be  measured 
by  means  of  a  Prony  brake. 

•% 

(126)  I  wish  to  connect  our  fire-engine  boiler  with 
the  boiler  of  our  electrio-llght  plant  so  as  to  be  able  to 
run  the  fire-engine  in  the  engine  house,  if  neceaary. 
Connection  is  to  be  made  by  automatic  coupllnga. 
The  water  in  the  electric-light  plant  boiler  is  con- 
siderable higher  than  that  in  the  fire-engine  boiler. 
How  can  I  arrange  the  pipinff  so  that  the  condensed 
steam  will  not  fill  up  the  boDer  of  the  fire-engine? 
The  two  boilers  are  75  ft.  apart. 

A.  W.  &,  Gaylord,  Minn. 
Ans.— From  your  question  we  infer  that  you  wish 
to  run  your  fire-engine  without  getting  up  steam  in 
its  boiler.  If  that  is  the  case,  the  best  way  of 
doing  it  would  be  not  to  turn  the  steam  into  the 
fire-engine  boiler  at  all,  but  to  make  connection 
directly  to  the  steam  pipe  of  the  fire-engine,  placing 
a  valve  between  the  pSoint  of  connection  and  the 
fire-engine  boiler,  to  prevent  steam  fh>m  entering  the 
boiler. 

**♦ 

(127)  (a)  Which  Is  the  proper  way  to  apply  the 
nuu  in  bolting  pipe  flanges  together:  should  the  fiat 
or  the  rounded  side  of  the  nut  go  against  the  flange? 
(b)  Is  the  rounding  of  the  nut  a  mere  finish  or  la  it 
made  so  to  fit  into  the  bolt  holes? 

A.  A.  K.,  Lorain,  Ohio. 
Ans.- (a)  The  flat  side,  (b)  The  rounding  of  the 
nut  was  meant  for  a  finish  originally.  Turning  the 
round  side  toward  the  flange  is  resorted  to  as  a  shop 
kink,  when  the  holes  in  the  flanges  are  excessively 
large  compared  with  the  diameter  of  bolt  at  hand; 
it  ftimishes  a  means  for  centering  the  bolt  somewhat. 

♦** 

(128)  (a)  What  kind  of  a  machine  is  used  for 
reborlng  small  steam-engine  cylinders  and  crosshead 
guides  by  hand?  (b)  Can  you  inform  me  of  a  book 
giving  drawings  and  description  for  doing  such 
work?  P.  J.  A.,  Lowry,  Masa 

Ans.- (a)  For  want  of  a  better  name,  the  machine 
may  be  called  a  portable  boring  machine.  It  consists 
of  a  heavy  boring  bar  sliding  in  two  bearings  that 
are  adjusted  to  suit  the  center  line  of  the  cylinder. 
The  boring  bar  carries  a  cutter,  which  may  be  set 
out.  The  bar  is  rotated  by  gearing  connected  to  a 
hand  crank,  and  is  fed  along  the  cylinder  or  guides 
by  suitable  meaup.  such  as  a  screw,  (b)  We  do  not 
kn  o w  of  any  su  ch  book.  Perhaps  some  of  our  readers 
may  be  able  to  help  you  out. 

.*• 

(129)  Do  you  know  of  any  magnetic  tool  or  swab 
in  the  market  for  cleaning  out  the  Iron  chips  tiom 
holes  drilled  in  horizontal  presses?  If  not,  do  you 
think  such  a  tool  could  be  made?    L.  L.,  Barre,Vt. 

Ans.— We  have  never  heard  of  such  a  tool  being 
in  the  market,  but  have  seen  a  number  of  home- 
made ones  made  of  steel  wire,  magnetised  after 
hardening.  The  writer  has  often  used  one  that  he 
made  for  the  very  purpose  mentioned. 
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\V  ALL  the  great  dlscoyeriee  of  the  cen- 
tury now  quickly  ebbing  away,  it  is 
questionable  whether  any  have  been  of 
more  real  value  to  man- 
kind   than    that  of  gas. 
Before  its  discovery,  the  .^      j: 

world  was  dark  indeed; 
for  candles,  crude  lamps, 
and  solid  combustibles  of 
various  kinds  were  the 
chief,  if  not  the  only, 
means  of  obtaining  arti- 
ficial light.  And  the  lack 
of  a  knowledge  of  gases 
was  a  tremendous  draw- 
back to  the  home  com- 
forts and  industries  of  our 
foreflEtthers. 

The  steady  mellow 
light  that  illuminates  our 
homes,  offices,  work- 
shops, and  thoroughfares 
is  not  the  spontaneous 
outcome  of  any  one  man's 
fertile  brain;  it  is  the 
natural  result  of  a  combi- 
nation of  the  clever  ideas 
of  many  ingenious  men, 
and,  like  the  rich  man's  son,  we  should  be 
truly  thankful  that  our  fitthers  were  bom 
before  us. 

To  fuUy  appreciate  the  immense  revolu- 
tion in  the  methods  of  obtaining  artificial 
iUtunination  and  to  comxMure  the  great  lux- 
uries which  we  now  enjoy  with  the  hardships 
experienced  by  our  ancestors,  we  cannot 
do  better  than  to  devote  a  little  attention 
to  the  primitive  modes  of  securing  artificial 
light.  It  is  not  so  very  many  years  ago 
since  the  pine  knot  was  used  in  the  remote 


Fio.  1.— Pink  Knot  op  Oub  Forsfathxbs 


settlements  as  ''  the  light  for  courtship,  and 
it  suited  very  well  to  sit  up  by.'' 
The  pine  knot  ib  really  a  natural  miniature 
gas  works,  which,  when 
,  _.       heated,  gives  ofif  gas  that 
_:^:'^_^      bums  with   a  very   un- 
^'—j^-         steady,    smoky   flame. 
The   burning  of  the  gas 
converts  the  resin  into 
more  gas,  and  thus  the 
flame  is  maintained  until 
the  resin  stored   in  the 
knot  becomes  exhausted, 
or  until  the  heat  firom  the 
flame    is   insufficient   to 
generate  more  gas.    But 
the  pine   knot,  with  its 
accompanying   soot  and 
sparks,  is  now  a  thing  of 
the  past,  even  in  the  most 
remote   settlements,    for 
candles  and,  later,  kero- 
sene-oil lamps  have  taken 
its  place.    The  candle  was 
a   decided   improvement 
over  the  pine  knot,  be- 
cause it   produced  a 
steadier   flame,  lasted 
much  longer,  and  did  not  fill  the  atmosphere 
with  those  nasty  fiakes  of  unbumt  carbon 
that  used  to  fall  like  black  snow. 

The  candle,  like  the  pine  knot,  is  also  a 
miniature  gas  works,  but  not  of  natural 
growth;  it  is  the  creation  of  man,  and  is 
made  of  tallow,  or  its  substitute,  and  a 
cotton  wick.  If  you  look  closely  at  a 
candle  when  it  is  buming,  you  will  notice 
that  heat  from  the  flame  melts  the  tallow 
into  the  form  of  a  cup,  from  the  center  of 
which  the  wick  stands  up  like  a  little  pillar. 
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Fig.  2.— The  Candls  a  Min- 
lATURS  Gas  Works 


its  visible  base  being  sarroanded  by  clear, 
molten  tallow  aboat  ^  inch  deep.  This 
liquid  travels  up  the  wick  by  capillary 
attraction,  and  soon  becomes  vaporized  and 
converted  into  in- 
flammable gas  by 
the  heat  of  the 
flame.  If  the  wick 
were  a  piece  of  iron 
wire,  the  oil  would 
not  travel  up,  and, 
of  course,  there 
would  be  no  flame. 
So  you  see  there  is 
science  in  a  candle, 
and,  although  it 
may  appear  very 
simpleto  us  in  these 
days  of  gigantic 
demonstrations  of 
science,  yet,  in  its  gentle,  unimpoeing  way  it 
opened  up  a  new  era  of  light  to  our  ancestors. 
The  candle,  however,  had,  and  still  has, 
its  nasty  little  grease-dripping  &ults,  and  so 
many  candles  were  required  to  produce  a 
reasonable  amount  of  illumination  that  the 
people  naturally  craved  something  better. 
Then  the  oil  lamp  became  quite  popular; 
for,  by  a  little  ingenious  device  known  as 
the  kerosene  burner ,  the  oil  can  be  burned  to 
produce  a  steady  non-smoking  flame  of 
remarkably  high  candlepower.  And  the  oil 
lamp,  like  the  candle  and  the  pine  knot,  is 
also  a  miniature  gas  works  that  produces 
inflammable  gas  by  the  heat  of  its  own 
flame.  But  these  automatic  gas  generators 
do  not  interest  us  so  much  at  present  as  the 
real  gas  that  is  sold  to  the  inhabitants  of 
cities,  towns,  and  vil- 
lages by  the  thousand 
cubic  feet.  We  will 
therefore  return  to  the 
subject  and  try  to  follow 
up  the  manufacture  and 
distribution  of  gas  from 
the  time  it  was  discov- 
ered to  the  present  day. 
It  was  about  the  year 
1792,  not  very  long  after 
Dr.  Priestly  discovered 
oxygen  and  Dr.  Black 
produced  carbonic-add 
gas,  that  Wm.  Murdock, 
a  canny  Scotsman  who 
was  working  as  an  engi- 
neer in  Cornwall,  Eng- 
land, first  entertained  the  idea  of  employing 
gas  made  from  coal  to  replace  candles  and 
lamps.    So  he  made  many  experiments  with 


Fio.  3.— The  Popular 
Kerosene  Lamp  an 
Automatic  Gab  Gen- 
erator 


different  kinds  of  coal,  to  determine  the  beet 
means  of  depriving  the  gas  of  its  impurities 
and  burning  it.  It  is  recorded  in  the  history 
of  gas  engineering  that  ''he  had  bladders 
filled  with  gas,  to  carry  at  night,  with  which, 
and  his  little  steam  carriage  running  on  the 
road,  he  used  to  astonish  the  people."  There 
is  no  doubt  that  Murdock  was  a  man  of  great 
ability,  but  whether  or  not  he  had  a  steam 
automobile  in  use  more  than  one  hundred 
years  ago,  as  history  records,  is  hard  to  say. 
But  we  do  know,  from,  numerous  records, 
that  he  did  march  through  the  streets  with  a 
bladder  under  his  arm  and  a  blazing  gas 
flame  held  aloft. 

Murdock  obtained  his  gas  by  heating  coal 
in  a  closed  retort,  allowing  the  gas  to  blow 
from  the  retort  into  the  bladder.  Any 
schoolboy  that  is  on  good  terms  with  the 
cook  can  obtain  the  same  kind  of  gas  if  he 
borrows  his  fiither's 
clay  pipe,  places 
some  broken  soft  coal 
in  its  bowl,  doses  the 
mouth  of  the  bowl 
air-tight  with  day, 
and  pushes  it  into 
the  fire  and  awaits 
results.  As  the  coal 
is  heated,  the  volatile 
matter  is  vaporized, 
while  gas  and  steam 
mix  together  and 
blow  out  of  the  stem. 
The  experimenting 
youth,  on  placing  a 
lighted  match  in 
this  stream,  instantly 
ignites  the  gas  and 
thinks  himself  great, 
as  the  year  1781,  the  only  means  of  retaining 
gases  was  with  bladders  or  with  pneumatic 
jars,  but  about  that  time  the  noted  French 
chemist,  Lavoisier,  invented  the  gas  holder, 
which  was  substantially  the  same  as  those 
applied  to  nearly  all  gas  works  at  present 
The  first  publication  of  this  invention  in  the 
English  language  was  made  in  1789.  It  is 
quite  probable  that  this  invention,  coming 
to  the  notice  of  Mui^ock,  impressed  him 
with  the  practicability  of  lighting  houses 
with  gas.  Bqt  whether  this  is  true  or  not, 
the  credit  for  first  lighting  with  gas  on  a 
large  scale  is  unquestionably  due  to  that 
gentleman.  Murdock,  in  1792,  actoaUy 
lighted  his  o#n  house  and  office  at  Ridruth, 
England,  with  gas.  He  distilled  the  coal  in 
iron  retorts  and  conveyed  the  gas  throogh 
pipes  a  distance  of  about  75  feet  to  his  house. 


Fio.  4.— Wm.  Mubdock'b 
Qas  Torch  op  1792 

It  is  stated  that  as  late 
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where  he  lighted  his  rooms  with  the  new 
magic  blaze,  and  filled  the  bladders  for  his 
portable  lights. 

Mardock's  gas  works,  we  can  imagine, 
most  have  been  a  great  field  of  study  for 
him,  because  he  was  developing  an  industry 
that  at  that  time  was  practically  unknown 
to  the  world.  His  pipes  clogged,  the  retorts 
foaled,  and  the  gas  would  not  burn  with  a 
steady  flame;  it  would  smoke  and  sputter, 
and  aometimes  go  out  without  any  warning, 
and  the  light  emitted  was  poor  indeed. 
Notwithstanding  these  difficulties,  he  ener- 
geticaUy  pursued  his  experiments  and  tried 
ooal  from  Newcastle,  Swansea,  and  other 
places  in  England  and  Wales.  Then  he 
tried  acme  kinds  of  Scotch  coal,  and  oon- 
tinned  experimenting  with  ooal,  wood,  peat, 
and  other  inflammable  substances  during 
his  leisure  moments,  until,  finally,  he 
became  satisfied  of  the  practicability  of 
sacoessfoUy  lighting  houses,  villages,  towns, 
and  even  large  cities,  with  gas  generated  at 
a  central  station.  Therefore,  he  continued 
experiments  on  burners,  varying  in  many 
ways  the  shape  and  position  of  the  orifices 
for  the  emission  of  the  gas,  until  at  last  he 
obtained  a  burner  that  in  many  ways 
resembled  the  Argand  burner  of  the  present 
time.    It  was  simply  a  ring  of  small  holes. 


'■^^t'"^ 
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Fio.  6.— How  A  Boy  on  Good  Tkrmb  With 
THB  Cook  Cam  Make  Gas 

and  it  gave  good  results.  His  attention  was 
then  directed  to  the  necessity  of  removing 
impurities  firom  the  gas,  and  he  certainly 
adopted  the  expedient  of  allowing  it  to 
babble  up  through  water.  But  it  would 
appear  that  he  knew  nothing  about  the 


Fio. 


6.— MURDOCK'8   PaVOB- 

iTK  Ring  Burker 


advantages  of  lime  as  a  purifier,  for 
Dr.  Henry  and  Mr.  Clegg  discovered  this 
valuable  purifier  later  on. 

About  the  year  1796,  Murdock  communi- 
cated with  his  friend  James  Watt,  son 
of  James  Watt,  the  celebrated  engineer, 
explaining  the  apparatus,  and  stating  his 
idea  of  employing  gas  as  a  substitute  for 
candles  and  oil  lamps,  and  suggesting  that  a 
patent  be  obtained  on  the  contrivance.  But 
Watt' s  father,  some 
time  before,  had 
spent  enormous 
sums  of  money  in 
defending  steam- 
engine  patents,  and 
young  Watt,  conse- 
quently, did  not 
entertain  Mur- 
dock's  idea  with 
much  favor.  How- 
ever, Murdock  kept 
toiling  on,  and,  in 
the  year  1798,  he 
lighted  the  Soho 
engine  works  with 
gas  and  gave  his  friends  a  free  exhibition  of 
gas  lighting  on  a  big  scale.  This  act  saved 
him  in  after  years,  when  he  had  to  prove  to 
the  courts  priority  of  invention. 

In  1799,  a  French  engineer  named  Lebon 
obtained  a  patent  in  France  for  "an  econom- 
ical method  of  employing  ftaiel,"  and  later 
he  obtained  a  supplement  to  the  patent,  in 
the  specifications  for  which  he  describes 
the  ''method  of  producing  and  burning  gas; 
also  the  means  of  obtaining  motive  power 
therefrom,"  all  of  which  was  substantially 
the  same  as  Murdock' s  arrangement,  made 
and  in  operation  seven  years  before.    In 

1801,  James  Watt's  brother,  while  in  Paris, 
foreukw  the  progress  that  was  about  to  be 
made  in  gas  lighting  there,  and  he  wrote 
home  saying,  "If  anything  is  to  be  done 
with  Murdock' s  gas,  it  must  be  done  at  once, 
as  there  is  a  Frenchman  in  Paris  who  has 
similar  ideas  and  proposes  to  illuminate 
this  city  by  these  means."  This  put  the 
Britishers  on  their  mettle,  and  the  next  year, 

1802,  saw  a  public  exhibition  of  gas  lighting 
at  the  Soho  works.  A  great  man  of  that  day, 
named  Mathews,  in  one  of  his  writings,  said: 
"The  illumination  of  the  Soho  works  on 
this  occasion  was  of  the  most  extraordinary 
splendor;  the  whole  of  the  front  of  that 
extensive  building  was  ornamented  with 
a  great  variety  of  devices  that  admira* 
bly  displayed  many  of  the  varied  forms 
of  which    gaslight    is    susceptible.     This 
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Fig.  7.— Fibst  Exhibition  op  Qas  Liohtino  at  the 

luminoas  spectacle  was  as  novel  as  it  was 
astonishing,  and  all  Birmingham  poured 
forth  its  numerous  population  to  gaze  at 
and  admire  the  wonderful  display  of  the 
combined  effects  of  science  and  art*' 

In  1803,  a  complete  gas  works  was  erected 
by  Murdock  on  the  premises  of  Messrs. 
Boulton  <&  Watt;  and  the  following  year, 
1804,  saw  the  extensive  cotton  mills  of 
Phillips  &  Lee,  of  Manchester,  all  lighted 
with  coal  gas.  The  results  were  so  satisfac- 
tory that,  in  1805,  Murdock  presented  a 
paper  to  a  philosophical  society  on  his 
method  of  lighting  these  mills.  He  does 
not  mention  in  detail  the  process  employed 
for  obtaining  the  gas,  but  merely  states  tibat 
''the  coal  is  distilled  in  large  iron  retorts, 
and  the  gas  issuing  from  them  is  conveyed 
by  iron  pipes  into  gasometers,  where  it  is 
washed  and  purified,  previous  to  its  being 
conveyed  through  other  pipes  to  the  mills." 
In  the  cotton  mills,  he  supplied  271  of  his 
ring  burners,  each  of  which  gave  a  light 
equal  to  four  6-to-the-pound  candles;  the 
mills  were  also  provided  with  633  cockspurs, 
each  of  which  produced  a  light  2\  times  as 
great  as  one  of  the  6-to-the-pound  candles, 
which  consumed  tallow  at  the  rate  of  175 
grains  per  hour.  In  the  same  paper, 
Murdock  showed  that  it  would  require 
£3,000  per  annum  to  buy  enough  candles 
to  light  the  cotton  mill  3  hours  per  day,  and 
that  his  plant  was  producing  an  equal  volume 
of  light  at  the  rate  of  £650  per  annum. 


Money  in  those  days 
talked  just  as  loud  as  it 
does  today,  and  the  mill 
owners  throughout  the 
country  soon  commenced 
to  install  gas  plants,  while 
Murdock  was  awarded 
Count  Rumford's  gold 
medal.  Qas  engineers  and 
contractors  sprang  up  like 
mushrooms,  and  specula- 
tors tried  to  monopolize  the 
gas  industry,  as  well  as  to 
deprive  poor  Murdock  of 
the  fruits  of  his  hard  labors. 
One  adventurer  in  par- 
ticular, named  Winsor,  was 
more  daring  than  all  the 
rest  put  together.  He  pat- 
ented Murdock' 8  ideas, 
then  gave  public  exhibi- 
tions in  the  theaters  of  Lon- 
don, and  delivered  lectures 
8oHo  Enginb  Worm  wherever  he  could,  collect- 
ing money  everywhere  to 
form  a  gigantic  stock  company.  The  scoun- 
drel described  himself  all  over  the  land  as 
the  discoverer,  inventor,  and  patentee  of 
gas  lighting,  and  agitated  the  necessity  of 
at  once  forming  a  company  to  light  the 
houses,  mills,  streets,  etc.  of  the  entire 
British  possessions,  so  that  all  British  sub- 
jects might  enjoy^the  advantages  of  his  great 
discoveries.  But  the  public  looked  upon  him 
with  extreme  dis- 
trust, for  he  told 
them  such  bare- 
fSELced  lies  in  the 
name  of  science 
that  even  the  un-  / ' 
educated  people 
could  **  see  through 
him."  Yet,  strange 
to  say,  he  raised 
£20,000  and  occu- 
pied premises  in 
Pall  Mall,  where 
he  fitted  up  gas-manufiEUSturing  works  and 
other  apparatus  in  the  basement,  to  iUoa- 
trate  hki  lectures.  Here  he  demonstrated 
to  the  public,  free  of  charge,  the  practical 
utility  of  gas  for  lighting,  heating,  and 
cooking  purposes.  The  journals  of  that 
day  put  forth  objections  and  arguments 
against  gas  manufacture  in  general,  and 
Winsor  in  particular,  being  backed,  no  doubt, 
by  all  the  candle,  oil,  and  lamp  manufiacturen 
in  the  country.  But  the  self-constituted 
champion  of  the  new  magic  light  met  all 
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oomera  with  that  extraordinary  courage,  per- 
severance, and  zeal  that  bo  strongly  chaxac- 
terized  him.  He  was  a  clever  and,  in  a  way, 
intelligent  man,  hut  he  lacked  the  scientific 
knowledge  so  essential  for  the  succeesfdl 
acocnnplishment  of  his  great  self-assomed 
task.  In  the  middle  of  his  eloquent  orations, 
when  the  andience  waa  becoming  deeply 
absorbed  in  his  scheme,  and  saw  visionary 
fortunes  in  store  for  them  if  they  would  but 
invest  a  few  pounds  in  gas  stock,  he  would 
blast  their  hopes  and  make  them  boil  with 
ftiry  by  such  fiibulous  statements  as,  ''Yes, 
gentlemen,  the  atmosphere  in  its  pure  state 
is  altogether  too  powerful  for  the  human 
race;  it  requires  to  be  diluted  with  a  mixture 
of  coal  gas  to  make  it  more  salubrious  and 
more  conducive  to  longevity."  All  this 
occurred  after  noted  scientists  had  clearly 
demonstrated  that  coal  gas  was  poisonous  to 
breathe  and  that  nothing  could  live  in  it 
Wild  statements  like  these  retarded  the 
progress  of  his  scheme,  and,  if  he  had  been 
lees  sanguine  and  a  little 
more  like  other  folks,  suc- 
cess would  have  come 
quicker  and  have  been 
better  assured. 

However,  this  indomi- 
table individual  was  de- 
termined to  spend  that 
20,000  hard-earned 
pounds  in  venture,  so  he 
laid  a  pipe  line  in  Pall 
Mall  to  the  corner  of 
James  Street  westward, 
and  to  the  Haymarket 
eastward,  planting  lamp 
posts  at  short  intervals 
all  along  the  line,  and 
not  forgetting  to  place  a  goodly  number  in 
front  of  Carlton  House,  then  the  residence 
of  the  Prince  Regent  On  January  28,  1807, 
one  side  of  the  street  was  lighted  with 
gas,  and,  on  June  4,  the  King's  birth- 
day, both  sides  were  gorgeously  illuminated, 
and  remained  illuminated  during  the  sessions 
of  Parliament.  This  was  the  first  public 
street  ever  lighted  with  gas.  With  the  lights 
blazing  in  the  eyes  of  the  King  Regent  and 
the  members  of  Parliament,  the  invincible 
Winsor  endeavored  to  obtain  an  act  of  incor- 
poration and  charter,  so  that  his  company 
might  control  the  entire  gas  industry  of  the 
empire,  but  the  privy  council  would  not  grant 
it.  Tfajree  times  he  tried  to  secure  a  royal 
charter,  and,  in  1812,  he  got  one,  but  the 
privileges  accorded  were  not  liberal,  for  the 
company  had  no   right  to   prevent  other 


people  from  competing  with  them.  The 
first  gaslight  company  being  thus  legally 
established,  they  commenced,  like  a  lot 
more  of  their  kind  at  the  present  day,  to 
place  the  business  in  the  hands  of  a  number 
of  chemists  and  other  theoretical  men  to 
experiment  at  the  expense  of  the  stock- 
holders. The  result  of  such  folly  then  was 
precisely  the  same  as  is  experienced  now,  for 
the  stockholders'  money  went  out  swiftly 
and  nothing  seemed  to  come  in  for  a  long 
time.  The  stockholders,  however,  discovered 
this  leak  before  the  company  ran  dry,  and 
effectually  stopped  it  by  pladng  Mr.  Clegg, 
an  expert  mechanician  of  the  Watt  and 
Murdock  types,  in  supreme  control;  then 
the  company  znade  money  rapidly,  and  gas 
lighting  became  established.  This  accom- 
plished, and  the  trade  being  open  to  all, 
there  arose  rival  concerns  all  over  the  king- 
dom that  fiourished  at  the  expense  of  the 
old  experimental  company. 
Such  IB  the  history  of  the  establishment 


FlO.  9.— A  OaB  PLA.MT  FOR  THK  MANUPAGTUBE  OF  ILLUMINATINO  GA8  FSOM 
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of  the  gas  industry  in  Ghreat  Britain.  Now 
let  us  see  what  it  has  done  for  us  on  this 
side  of  the  Atlantic.  About  the  time  that 
Murdock  and  the  others  were  working  to 
establish  the  new  light  in  England,  a  pertain 
David  Melville,  residing  in  Newport,  R.  I., 
commenced  to  operate  in  the  same  line. 
He  was  so  successful  in  his  experiments  that 
about  1812  he  completed  a  gas  plant  that 
lighted  his  home  and  a  large  portion  of  a 
street  with  gas  manufactured  by  a  peculiar 
process  of  his  own.  And  a  little  later  he 
installed  a  gas  plant  for  the  illumination  of 
a  cotton  mill  in  Watertown,  Mass.,  then  a 
large  mill  in  Providence,  R.  I.  He  was  so 
pleased  with  the  results  of  these  plants  that 
in  1813  he  took  out  a  patent  for  his  ingenious 
apparatus.  But  the  pioneer  gas  city  of  the 
United  States  is  Baltimore,  for  it  was  here 
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that,  in  1816,  the  first  gas  company  was  regu- 
larly oiganized  for  the  purpose  of  illumi- 
nating American  cities  with  the  new  light, 


and  today  the  metropolis  of  Maryland  still 
holds  its  own  as  one  of  the  busy  centers  of 
the  American  gas  industry. 
In  1815,  the  erection  of  gas  works  was 


begun  in  Philadelphia,  but  the  interested 
parties  must  have  been  at  loggerheads  with 
the  soft-coal  miners  of  Pennsylvania,  for  they 
were  determined  to 
make  their  gas  out  of 
wood,  and  they  stuck 
to  the  absurd  idea  so 
long  that  the  company 
went  under.  Eleven 
whole  years  expired 
before  the  wood-gas 
notion  became  suffi- 
ciently suffiised  with 
the  atmosphere  of 
common  sense  as  to 
admit  the  presence  of 
a  new  idea,  so  that,  in 
the  year  1826,  some 
clear-headed  individu- 
als, seeing  the  progress 
that  was  being  made 
in  the  old  country  and 
in  the  larger  cities  of 
this  country,  got 
together  and  proposed 
to  start  a  new  concern 
for  the  purpose  of 
lighting  the  City  of 
Brotherly  Love  with 
coal  gas.  But  the 
"  brotherly  love  *'  was 
so  intense  that  the 
new  proposition  was 
affectionately  crushed 
to  the  wall  before  the 
organizers  had  an 
opportunity  to  show 
what  they  could  ac- 
complish. Time  rolled 
on  in  Philadelphia,  as 
it  did  elsewhere,  until 
65  yean  ago,  when 
some  of  the  readers  of 
this  article  were  boys; 
then  the  gas  question 
sprang  up  in  that  city 
like  a  mushroom. 
Before  the  old-time 
objection  party  could 
raise  its  voice,  the 
younger  citizens  had 
pushed  an  ordinance 
through  the  legal 
channels,  and  the  chief 
-•       -   -  city   of  Pennsylvania 

was  destined  to  be  lighted  with  gas  from 
''stem  to  stem,"  as  the  sailors  remarked 
when  they  saw  the  city's  lights  at  night 
This  franchise  provided  for  the  incorporation 
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of  a  company  with  $100,000  capital.  The 
works,  heing  immediately  pat  under  way, 
were  completed  in  1836.  The  first  year's 
production  was  17,000,000  cubic  feet  of  gas, 
distributed  among  7,000  consumers  and  to 
300  street  lamps.  Philadelphia  has  flour- 
ished ever  since. 

While  Philadelphia  was  sleeping,  people 
in  Boston,  New  York,  Brooklyn,  and  other 
laige  dtiee  were  installing  gas  works  and 
lUnminating  houses,  offices,  and  streets. 
For  in  1822,  about  seven  years  after  the 
Philadelphia  wood-gas  scheme  exploded, 
the  first  gas  works  of  Boston  was  erected, 
and,  on  January  22,  1823,  the  governor  of 
Massachusetts  approved  an  act  to  incor- 
porate ''The  Boston  Gaslight  Company." 
The  charter  of  this  company  fixed  the 
capital  stock  at  $75,000.  Under  this  old 
charter  and  its  several  amendments,  gas  is 
still  supplied  to  the  city  of  Boston.  After  a 
great  deal  of  financial  difficulty  and  public 
opposition,  the  property  of  the  old  company 
was  sold  in  1824  for  a  little  over  $2,000.  The 
supply  of  gas,  after  the  sale,  was  discon- 
tinued, and  it  was  not  until  1827,  when  a 
Mr.  Robinson,  who  already  had  consider- 
able experience  with  gas  lighting  in  Balti- 
more, purchased  the  franchise  and  prop- 
erty, that  gas  lighting  was  again  resumed 
in  Boston.  The  man  from  Baltimore  imme- 
diately conmienced  the  erection  of  a  new 
plant,  which  was  completed  in  1828.  Then 
he  supplied  gas  at  the  rate  of  $5.00  per 
1,000  cubic  feet  This  marked  the  be^- 
ning  of  a  permanent  supply  of  gas  to  the 
capital  of  Massachusetts.  Since  then  Bos- 
ton has  become  exceedingly  great,  and  is 
presumably  the  center  of  the  intelligence  of 
America. 

In  1823,  the  same  year  that  the  Boston 
charter  was  obtained,  a  company  was 
organized  to  supply  gas  in  the  city  of 
New  York.  It  was  capitalized  at  $750,000, 
with  the  privil^^  of  increasing  to  $1,000,000. 

The  company  built  its  works  in  Centre 
Stzeet,  near  Hester  Street,  and  made  gas  there 
until  1850.  It  operated  on  the  broad-gauge 
plan,  for  it  erected  twelve  large  gas  holders 
whose  combined  capacity  was  1,600,000 
cubic  feet,  and  chaiged  $10.00  per  thousand 
cubic  feet.  As  consumers  multiplied,  how- 
ever, and  as  the  number  of  street  lamps 
increased,  the  price  of  gas  gradually  came 
down  and  down,  until,  in  1860,  it  was  $2.50 
per  thousand  cubic  feet;  and  lately,  after  a 
great  deal  of  fighting  one  way  and  another, 
the  price  of  New  York  gas  was  down  as 
low  as  40  cents  per  thousand— but  it  is  up 


again  to  where  it  belongs,  i.e.,  about  70  cents 
per  thousand. 

In  1825,  Brooklyn,  N.  Y.,  and  Bristol,  R.  I., 
were  first  lighted  with  gas,  and  other  large 
cities  followed  up  like  so  many  sheep,  untO 
nearly  every  city  and  town  in  the  Union 
finally  became  lighted  with  gas. 

From  the  time  of  the  launching  of  the  old 
Baltimore  company  down  to  the  time  of  the 
Rebellion,  some  300  gas  companies  had  been 
formed,  and  they  supplied  light  to  over 
5,000,000  people.  Now,  more  than  1,000 
cities  and  towns,  in  the  United  States  alone, 
are  supplied  with  gas,  the  invested  capital 
being  over  $500,000,000,  and  annual  consump- 
tion over  70,000,000,000  cubic  feet.  If  this 
is  not  a  gigantic  industry,  then  what  is? 
And  it  has  presumably  accomplished  more 
for  civilization  than  any  other  new  industry 
of  the  century. 

But  let  us  look  into  the  technical  side  of 
the  gas  business  a  little,  and  learn  how  gas 
is  made,  distributed,  and  consumed.  Until 
recent  years,  only  one  kind  of  gas  was  used 
for  illuminating  and  heating  purposes,  and 
that  was  obtained  by  the  distillation  of 
bituminous  coal.  The  demand  for  gas, 
however,  became  so  great  that  new  processes 
were  invented,  and  other  varieties  of  gas 
have  been  introduced,  so  that  now  there 
are  many  different  kinds  of  gas  made  and 
marketed  for  difi'erent  purposes.  The  varie- 
ties most  commonly  used  are  coal  gas, 
oil  gas,  water  gas,  producer  gas,  natural 
gas,  gasoline  gas  (or  carbureted  air),  and 
acetylene. 

A  coal-gas  plant  is  shown  in  Fig.  9. 
Bituminous,  or  soft,  coal,  occasionally  mixed 
with  a  little  cannel  coal,  is  shoveled  into 
closed  earthenware  retorts  A  that  are  located 
in  the  combustion  chambers  of  large  fires. 
The  heat  breaks  up  the  combinations  of 
hydrogen  and  carbon  that  exist  in  the 
natural  coal,  and  transforms  them  into 
other  compounds,  most  of  which  are  gaseous 
at  ordinary  temperatures.  Among  the  new 
compounds  thus  made  are  tar,  ammonia, 
and  sulphureted  hydrogen.  The  tar  con- 
denses in  the  apparatus  and  is  pumped  out 
The  ammonia  is  formed  by  ihe  union  of 
hydrogen  with  nitrogen,  and  has  an  offensive 
odor.  The  worst  impurity,  however,  is 
formed  by  the  union  of  hydrogen  with 
sulphur  contained  in  the  coal.  This  is  called 
rndphureUd  hydrogen^  and  is  one  of  the  vilest- 
smelling  substances  known.  As  the  gas  is 
formed  in  the  retorts,  it  travels  up  the  pipes 
C,  passes  through  the  hydraulic  main  D, 
where  it  drops  some  of  its  impurities  and 
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posses  through  condensers  E,  where  the  gas 
is  cooled  and  certam  vapors  are  condensed. 
Then  it  flows  through  a  scrubber  F^  where 
fidling  water  on  coke  beds  still  further  puri- 
fies it.  Then  it  flows  through  oxide-of-iron 
or  lime  puriflers  G,  where  it  receives  its  last 
cleaning  before  it  passes  into  a  gas  holder  H, 
where  it  is  stored  under  a  constant  pressure 
until  drawn  off  through  the  street  mains  by 
consumers.  To  prevent  gas  from  backing 
into  the  retorts  when  they  are  being  charged, 
the  outlet  of  C  is  sealed  in  the  liquid  of  the 
hydraulic  main.  Gsa  made  by  this  process  is 
especially  adapted  for  illuminating  purposes, 
and  the  coke,  tar,  and  other  products  of  the 
distillation  are  valuable  marketable  articles. 

Petroleum  or  any  variety  of  animal  or  vege- 
table oil,  grease,  or  fat  may  be  used  instead 
of  coal.  Even  dty  garbage  has  been  used 
successfully  for  the 
production  of  gas  by 
substantially  the  same 
process.  Producer  gas 
differs  from  the  coal 
gas  conmionly  used  for 
lighting  purposes  in 
having  less  combusti- 
ble matter  and  a  large 
percentage  of  nitrogen. 
The  average  quality  of 
producer  gas  contains 
from  10  to  15  per  cent, 
of  hydrogen,  and 
from  20  to  30  per  cent, 
of  carbon  monoxide. 
These  constitute  the 
combustible  part  of 
the  gas,  nitrogen  form- 
ing 40  to  60  per  cent, 
of  the  total  volume. 
This  gas  bums  with  a  dull  reddish  flame, 
and  its  value  for  heating  purposes  is  about 
one-fourth  that  of  an  equal  volume  of  good 
coal  gas. 

Producer  gas  is  made  by  burning  coal, 
either  bituminous  or  anthracite,  in  a  closed 
fhmaoe  with  a  supply  of  air  that  is  purposely 
made  too  small  to  permit  of  perfect  com- 
bustion. The  air  is  usually  supplied  by  a 
steam-jet  blower,  and  the  amount  is  regu- 
lated so  that  it  is  barely  sufficient  to  convert 
the  carbon  in  the  fuel  into  carbon  monoxide. 
The  nitrogen  in  the  air  remains  unchanged 
and  passes  off*  into  the  gas  pipes  with  the 
carbon  monoxide  as  an  inert,  useless  accom- 
paniment, merely  swelling  the  total  volume 
of  the  product 

Fig.  10  shows  a  popular  gas- manufacturing 
apparatus,  known  as  the   Taylor  producer. 


FlO.  11.— A  WIL0BACH  INCANDSSCENT  OAS  BURNER 


It  is  composed  of  two  producers  connected 
up  together,  with  a  platform  on  the  top,  and 
an  endless-chain  feeding  attachment;  this  is 
wh^e  the  gas  is  made.  A  pipe  connecting 
the  top  of  each  producer  with  the  base  of 
each  scrubber,  shown  in  the  middle  of  the 
cut,  conveys  gas  from  the  producers  through 
economizers  to  the  scrubbers,  where  it  rises 
in  each  scrubber  through  a  shower  of  fiilling 
water  or  some  other  cleansing  medium,  and  is 
discharged  from  the  top,  by  the  two  vertical 
pipes  shown,  into  the  rectangular  purifiers 
near  by.  Another  pipe,  part  of  which  is 
shown  by  dotted  lines,  conveys  the  now 
purified  gas  to  the  gas  holder  shown  at  the 
left  of  the  iUustration.  Another  pipe,  not 
shown  here,  leads  the  gas  from  the  gas  holder 
to  the  points  where  it  is  consumed. 
Many  of  the  largest  engineering  works  in 
the  United  States  are 
not  only  lighted  with 
gas,  but  are  also  sup- 
plied with  power  as 
well,  through  the  me- 
dium of  gas  engines. 
It  has  been  found  that 
small  sizes  of  anthra- 
cite coal,  such  as  buck- 
wheat or  rice,  can  be 
used  to  great  advan- 
tage as  the  taei  in  this 
producer.  Indeed,  gas 
producers  are  made 
that  utilize  the  nat- 
ural waste  or  refuse 
from  mining  opera- 
tions, and  it  may  not 
be  many  years  before 
the  massive  mountains 
of  culm  that  now  dis- 
figure the  mining  r^ons  wiU  be  converted 
into  cheap  power  by  gas  producers  and  gas 
engines,  and  the  now  much  despised  culm 
piles  will  be  converted  into  mountains  of 
gold  for  their  owners. 

Water  gas  is  a  mixture  of  hydrogen  and 
carbon  monoxide,  with  only  a  very  small 
percentage  of  nitrogen.  It  is  made  from 
anthracite  coal  or  coke  and  steam.  The  coal, 
in  lumps  from  2  to  3  inches  in  diameter,  is* 
placed  in  an  air-tight  cylinder  lined  with 
firebrick.  It  is  ignited,  and  blown  to  a 
bright  incandescent  heat  by  means  of  an  air 
blast;  then  the  blast  is  shut  off  and  a  cur- 
rent of  dry  steam  is  blown  through  the  mass 
of  glowing  fuel.  The  great  heat  causes  the 
steam  to  break  up  into  free  oxygen  and 
hydrogen.  The  oxygen  combines  with  the 
hot  carbon,  forming  carbon  monoxide,  and 
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the  hydrogen  passee  along 
with  it,  bnt  without  combi- 
ning. These  are  then  led  ofi 
through  suitable  pipes  to  a  gas 
holder.  As  soon  as  the  incan- 
descent fuel  becomes  a  little 
dulled,  or  cooled,  the  steam  is 
shut  off  and  the  fire  is  again 
blown  up  bright  with  the  air 
blast  The  operations  of  blow- 
ing up  and  making  gas  are 
worked  alternately  at  intei^ 
vals  of  about  five  minutes, 
until  the  fuel  is  exhausted. 
The  fresh  gas  as  thus  made 
contains  lees  carbon  than  good 
coal  gas,  and,  consequently, 
will  not  bum  with  as  bright 
a  flame.  It  bums  perfectly  in 
heating  burners,  but,  when  it 
is  used  for  lighting  purposes, 
it  is  always  enriched,  that  is, 
made  richer  in  carbon.  This 
is  done  by  yaporiziug  a  quan- 
tity of  petroleum  by  heat,  and 
injecting  it  into  the  hot  gas 
before  it  leaves  the  generator 
containing  the  injection,  until 
the  percentage  of  carbon  in 
the  gas  is  raised  to  the  desired 
standard. 

After  the  gas  is  made,  no 
matter  what  generators  are 
used,  it  is  stored  in  gas  hold- 
ers and  used  when  needed. 
The  gas  holder  allows  the  gas 
men  to  make  gas  during  the 
day,  when  but  little  is  used,  and  the  gas 
holder  gives  it  out  to  the  consumers  at  night, 
when  there  is  a  heavy  demand  for  it.  Thus 
a  large  gas  holder  allows  a  smaU  gas  plant  to 
supply  gas  to  a  very  large  number  of  people, 
by  working  night  and  day.  It  is  needless 
to  say  that  the  monster  cylinder  seen  at 
every  gas  works  is  a  gas  holder.  It  is  nothing 
but  a  bell,  with  its  sides  dipping  into  a  deep 
water  seal.  This  bell  is  raised  by  gas  being 
forced  into  it  A  number  of  pulley  wheels 
on  top  of  the  bell  roll  on  vertiod  guides  and 
prevent  the  holder  from  sticking  against  the 
iron  network  around  it  When  the  holder 
IB  at  the  top  of  its  surroundmg  network  it  is 
full  of  gas,  but  when  it  is  empty  the  bell  is 
nearly  or  entirely  out  of  sight,  and  the  net- 
work bracing  looms  up  against  the  sky  like 
a  monster  skeleton. 

Not  only  have  great  strides  been  made  in 
the  manufacture,  purification,  storage,  and 
distribution  of  gas  to  large  conmiunitiee,  so 


Fio.  12.— A  Welbbach  Table  Lamp— a  Great  Improvement  Over  the 
Old  Tallow  Candle 


that  good  gas  shall  be  on  tap  all  the  time 
and  at  a  fairly  steady  pressure,  but  ingen- 
ious improvements  have  also  been  made  on 
the  methods  of  combustion  in  order  that  the 
greatest  amount  of  light  or  heat  may  be 
utilized  from  the  gas.  For  example,  we 
have  the  Welsbach  burner,  a  device  that 
gives  us  over  five  times  as  much  light  for 
the  money  expended  as  the  common  open- 
fiame  burner.  This  is  obtained  by  simply 
hanging  a  fragile  mantle  made  of  rare  earths 
over  a  Bunsen  flame.  The  heat  of  this 
flame  makes  the  mantle  incandescent,  and 
an  intensely  bright  and  steady  light  is  pro- 
duced. This  is  one  of  the  most  benefldal 
discoveries  of  our  time,  for  it  practically 
turns  night  into  day.  But  progress  in  fur- 
thering the  comfort  of  gas  consumers  does 
not  stop  with  the  Welsbach  light. 

One  of  the  latest  inventions  is  a  method  of 
dispersing  or  diffusing  the  artiflcial  light,  or 
in  bending  its  rays,  so  to  speak,  that  the 
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light  can  be  shed  just  where  you  please. 
This  is  accomplished  by  the  use  of  what 
is  known  as  "Holophane"  glass  globes. 
Common  globes  only  protect  flames  or 
mantles  from  drafts,  bat  the  Holophane 
does  all  that,  and  at  the  same  time  reduces 
the  intensity  of  the  light  without  affecting 
its  volume  to  any  great  extent.  The  olDJec- 
tion  to  intensely  bright  and  dazzling  lights 
is  the  injurious  effect  of  the  glare  on  the 
eyes.  The  peculiar  corrugated  construction 
of  these  globes  softens  the  light  without 
wasting  any  more  than  is  wasted  by  the 
use  of  plain,  dear  globes.  But  this  is  not 
the  only  benefit  derived  from  these  globes, 
for,  by  slightly  changing  the  shapes  of  the 
prismatic  forms  of  the  corrugations,  most  of 
the  light  emitted  can  be  projected  upwards, 
downwards,  horizontally,  or  uniformly  dif- 
fused, according  to  the  class  of  globe  em- 
ployed. For  the  general  illumination  of 
a  room  by  chandeliers,  the  dass  B  globes 
are  most  desirable.  Everybody  that  uses 
common  gas  fixtures  has  noticed  that  most 
of  the  light  goes  up  to.  the  teilipg  if  reflectors 
are  not  used  to  throw  it  down.  But  reflect- 
ors absorb  light  also,  and  people  that  pay 
gas  bills  otten  feed  reflectors. 

The  question  of  more  light  to  read  and 
sew  by  at  night  has  arisen  in  nearly  every 
home  supplied  with  gas.  Indeed,  it  has 
demanded  such  attention  that  gas-fixture 
manufacturers  do  a  large  business  in  supply- 
ing the  demand  for  portable  lamps  that  may 
be  hooked  on  to  the  chandelier  with  a 
rubber-tube  connection,  while  the  lamp 
bums  brightly  on  the  table  like  the  Wels- 
bach  portable  shown  in  Fig.  12.  If  the 
proper  kind  of  a  Holophane  glass  globe  is 
used  on  the  chandelier,  the  expense  and 
inconvenience  of  portable  lights  is  avoided, 
because  a  large  volume  of  light  can  be 
thrown  down  by  the  dass  A  Holophane 
globe.  This  light  is  very  mellow,  and 
sddom,  if  ever,  iigures  the  eyes,  for  its 
source  is  overhead  and  thus  outside  of  the 
general  vision.  For  economy,  comfort,  and 
general  utility,  gas  is,  and  probably  ever 
wUl  be,  the  popular  light  for  the  home. 

As  an  artificial  light  for  streets  and 
thorough&res,  gas  is  superior  in  nearly 
every  respect  to  dectridty,  because  the  light 
is  not  80  intense  in  some  places  and  so  lack- 
ing in  others.  The  shadows  produced  by 
dectric  lighting  are  very  deep,  while  those 
from  gas  are  bardy  perceptible.  In  dectric 
street  lighting,  by  arc  lamps,  the  lights  are 
necessarily  so  fiir  apart  and  of  such  intensity 
that  pedestrians  must  shade  their  eyes  with 


their  hands  as  they  pass  frtnn  the  utter  dark- 
ness of  the  shadowed  places  to  those  lighted 
by  the  dazzling  rays  of  the  hissing,  unsteady, 
nerve-shaking  arc  lamps.  It  is  altogether 
different  with  gaslight  in  the  streets,  for  the 
lamp  posts  are  so  dose  together  and  so  low 
down  that  few  shadows  exist,  other  than 
the  narrow  lines  from  tree  trunks  or  tde- 
graph  poles.  Even  these  are  softened  by  a 
judicious  distribution  of  the  gaslights. 

One  of  the  most  beautiful  illustrations  of 
street  illumination  was  presented  at  the 
great  National  Export  Exposition  at  Phila- 
ddphia  last  year.  Welsbach  lamps  in 
chandelier  form,  fitted  with  shades  and  cups 
such  as  shown  on  the  reading  lamp.  Fig.  12, 
were  suspended  in  the  north  and  south 
pavilions.  The  illumination  from  these  was 
sublime.  The  mantles  were  not  visible  at 
all,  and  the  pavilions  were  simply  flooded 
with  a  soft  mellow  light  that  would  soothe 
the  n&rvefi  of  the  most  irasdble  spectator. 
A  large  number  of  the  booths  were  provided 
with  Holophane  globes,  so  that  spectators 
might  see  the  exhibits  without  bdng  com- 
pelled to  wink  their  eyes  all  the  time  or  use 
smoked  glasses. 

On  both  sides  of  the  esplanade  were 
arranged  rows  of  single-light  lamp  posts, 
whUe  along  the  middle  a  row  of  three-light 
posts  were  arranged,  as  shown  in  Fig.  13. 
Thus,  the  esplanade  was  lighted  as  brightly 
as  at  noonday,  and  remained  so  every  night 
of  the  exposition,  without  even  the  fidntest 
indication  of  a  distinct  shadow.  This  is 
known  as  almost  perfect  artificial  illumina- 
tion. When  Holophane  globes,  class  0,  are 
used  for  street  lighting,  the  result  is  magnifi- 
cent, for  the  most  of  the  light  is  thrown 
outwards  to  the  space  between  the  lamps, 
and  a  nearly  equal  illumination  can  be 
secured  all  along  the  street.  How  different 
this  is  from  the  present  harsh  and  crud 
methods  of  lighting  by  dectric  arc  lamps. 
The  gas  lighting  of  the  Expodtion  at  Phila- 
ddphia  gave  a  heavenly  tone  even  to  the 
fkkirs  at  the  gates. 

The  use  of  gas  in  the  household  is  not 
confined  to  lighting,  for  a  large  quantity  is 
now  consumed  for  cooking  purposes.  In- 
deed, cooking  by  gas  has  become  so  popular, 
and  is  so  general  with  intelligent  women 
in  both  America  and  Europe,  that  some 
of  the  largest  manufacturers  in  the  world 
are  now  producing  enormous  outputs  of 
gas  cooking  apparatus.  As  a  labo^saving 
device,  and  as  an  economizer  in  the  kitehen, 
but  few  of  the  nineteenth-century  inventions 
can  be  compared  to  the  gas  stove. '  It  is  a 
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godsend  to  the  noble  women  that  cook  our 
meals  during  the  hot  summer  weather.  The 
American  kitchen  is  truly  a  great  field  for 
the  gas-stove  business,  because  these  places 
are  intolerably  hot  during  summer  if  coal 
fires  are  run  in  the  cook  stoves,  and  the 
poor  women  that  swelter  in  them  are  often 
the  wives  of  American  men  that  are  only  too 
willing  to  reduce  the  labors  and  increase  the 
comforts  of  their  "  better  halves  "  when  they 
have  the  opportunity.  To  such  men  that 
have  gas  pipes  in  their  kitchens,  I  would 
say,  ''  Get  a  good  gas  stove  at  once  and  you 
will  never  regret  it  Do  not  imagine  for  a 
moment  that  it  costs  a  little  fortune  to  run  a 
gas  stove.    It  does  not    It  is  much  cheaper 


it  is  the  gas  stove  that  will  increase  the  com- 
forts in  many  a  country  kitchen  as  weU. 
Fig.  14,  which  shows  how  easily  cooking  is 
accomplished  on  the  ''Jewel''  gas  stove, 
should  convince  any  fair-minded  individual 
of  this  fact 

We  cannot  expect  a  great  deal  from  gas  in 
the  way  of  heating  buildings  in  America, 
because  of  the  long  bitter-cold  months  we  so 
often  experience  during  winter,  and  because 
of  the  high  price  of  gas.  But  gas  heaters  are 
particularly  inviting  when  in  the  form  of 
open  fires,  for  we  all  like  to  sit  around  a 
blaze  when  the  weather  is  cold.  And  they 
are  particularly  valuable  for  temporarily 
heating  parlors  and  other  small  rooms  in 


Fio.  18.«— A  Bkautiful  Illubtbation  of  Street  Liohtino  in  Philadelphia  Laft  Yeab 


than  using  coal  during  summer;  this  is  a 
fact  that  has  been  proved  time  and  time 
again."  Of  course,  it  is  true  that  a  wasteftd 
servant  will  run  up  enormous  gas  bills,  but 
it  is  likewise  true  that  the  good  woman  who 
shares  your  joys  and  sorrows  has  a  great 
deal  of  respect  for  your  pocketbook  and  will 
not  allow  the  gas  to  bum  when  it  is  not  in 
use.  Cooking  with  a  gas  stove  is  a  simple 
science  that  comes  naturally  to  women,  for 
they  can  regulate  the  heat  to  the  occasion. 
But  cooking  with  a  coal  or  wood  stove  is 
guesswork,  for  the  heat  is  seldom ''  twice  the 
same."  It  is  the  gas  stove  that  has  made  life 
endurable  in  dty  flats  during  summer,  and 

*  We  Are  indebted  to  the  "  Progrefriye  Age"  for  this 
illnstnition. 


buildings    that    are   huddled  together    in 
blocks,  for  each  keeps  the  other  warm. 

Gras  as  a  power  in  the  world  of  machinery 
has  grown  extensively  within  the  last  ten 
years,  and  gas  engines  are  rapidly  displacing 
steam  engines.  Indeed,  it  is  a  known  fact 
that  power  developed  by  gas  engines  is 
cheaper  than  that  developed  by  steam 
engines,  and  many  engineers  at  the  present 
day  are  embarking  in  the  gas-engine  indus- 
try because  it  is  so  plainly  seen  that  the  best 
days  of  the  steam  engine  are  gone.  Some 
years  ago.  Professor  Kennedy,  an  undisputed 
authority,  stated  that  ''  a  steam  engine  can- 
not possibly  convert  into  work  more  than 
30  per  cent,  of  the  heat  energy  put  into  an 
engine,  while  a  gas  engine  may  attain  at 
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Fie.  14.— The  Amibican  Gas  Stoys— ▲  Labok-Savino  Dbvicb  and  an  Eoonomizbr  in  thb  Kitchen 


least  80  per  cent,  efficiency.''  Ini^ America, 
Great  Britain,  Germany,  and  f  ranee  gas 
engines  have  displaced  steam  engines  to  sach 
aa  amazing  extent  that  steam  engineers  are 
shaking  in  their  shoes  lest  they  he  compelled 
to  swap  the  old  hoiler  for  a  gas  producer, 
and  learn  how  to  regolate  the  puff  of  a  gas 
engine  instead  of  setting  the  valve  of  a 
Corliss.  When  we  consider  the  immense 
amount  of  nature's  wealth  that  is  hlown 
up  toward  heaven  through  steam-engine 
exhaust  pipes,  and  wasted,  and  compare 
this  waste  with  the  almost  perfect  utilization 
of  energy  by  the  gas  engine,  and  at  the  same 
time  think  of  the  many  other  superior  merits 
of  the  giM  engine,  we  may  pardon  any 
individual  for  prophesying  that,  before  the 
coming  century  is  ended,  the  great  steam- 
enflrineerinff  industrv  of  the  world  will  either 
have  one  foot  in  its  grave  or  be  dead  alto- 
gether. This  appears  to  be  the  trend  of  the 
times.  A  good  gas  engine  can  run  night 
and  day,  week  in  and  week  out,  if  necessary, 
and  almost  without  attention.  There  is  no 
noiae,  no  odor,  no  overheating  of  engine 
room,  no  dirt,  no  muss  of  any  kind,  and  it 
takes  up  so  very  little  space  that  gas  engines 
bid  fiiir  to  become  popular  in  all  coming 


large  buildings.  Electric  light  generated  by 
gas  engines  is  cheaper  than  gaslight  itself, 
so  you  can  see  the  force  of  converting  gas 
energy  into  electric  power  by  gas  engines. 

The- commercial  field  for  the  gas-engine 
business  is  too  extensive  to  be  properly 
described.  We  will  only  state  that  if  gas 
engines  are  worked  in  connection  with  elec- 
tric generators,  they  can  be  applied  to  many 
useful  and  labor-saving  purposes.  They  will 
not  only  produce  safe  and  brilliant  means 
of  illumination  for  buildings,  streets,  and 
grounds,  but  power  can  be  applied  to  eleva- 
tor service,  ventilating  fims,  pumps,  laundry 
work,  sewing  machines,  latiiies,  and  other 
things.  Gas  engines  can  also  be  used  to 
supply  storage  batteries  in  yachts  and  auto- 
mobiles. Heating  can  also  be  applied  elec- 
trically for  cooking  and  warming  the  house. 
Indeed,  the  possible  utilities  are  so  numerous 
with  an  established  gas  engine  and  electric 
plant,  that  it  would  be  a  waste  of  space  and 
time  for  us  to  try  to  enumerate  them. 

The  manufacture  and  utilization  of  acetyl- 
ene gas,  which  is  made  from  the  exceedingly 
bountiful  supplies  of  coal,  lime,  and  water, 
is  opening  up  a  new  branch  of  the  gas  indus- 
try that  bids  Mr  to  revolutionize  the  artificial 
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illnmination  of  the  world.  Thia  new  gas, 
when  conaomed  at  proper  bumerB,  can  pro- 
duce a  light  of  240  candlepower  when  burned 
at  the  rate  of  5  cable  feet  per  hoar.  This  con- 
samption  is  eqoal  to  that  of  an  ordinary 
open-flame  gas  bomer,  and  we  can  conceive 


that  the  open-fliune  gas  burner  only  gives 
about  16  candlepower. 

We  would  like  to  say  more  about  acetylene 
and  its  prospects,  but  we  feel  that  we  have 
taken  up  enough  of  your  valuable  time 
already,  and,  therefore,  will  postpone  this 


the  advantages  of  acetylene  when  we  consider     subject  till  some  future  occasion. 


SERIES  ARC  LIGHTING  WITH  ALTERNATING 

CURRENT 


R.  B.  Williamson,  M.  E. 

Advantages  of  Serixb  Abc  Lightinq — Constant-Currbnt  Transformsr — Operation  of 

CONSTANT-CURBKNT  TRANSFORMER — SSRDBB    ENCLOSED   ArC  LaMP 


ALTHOUGH  alternating  current  has  now 
been  used  for  at  least  twelve  or  fifteen 
years  for  incandescent  lighting,  its  use 
in  connection  with  the  operation  of  arc  lamps 
has  been  very  limited  until  recently.  Systems 
for  operating  arc  lights  by 
alternating  current  have  been 
brought  out  from  time  to  time, 
bat  have  never  been  able  to 
compete  with  the  old*esUb* 
lished  direct-current  systems. 
This  was  no  doubt  due  in  a 
large  degree  to  the  &€t  that 
alternating-current  arc  lamps 
as  previously  made  were  un- 
satisfactory. They  were  not 
economical,  and  were  very 
noisy  in  their  operation.  A 
good  healthy  alternating  air- 
rent  arc  lamp  of  the  old  type 
ooold  make  its 
voice  heard  even 
when  hung  up  on  a 
pole  outdoors;  and 
for  interior  illumi- 
nation the  noise 
was  so  pronoanced  as  to  be  » 
great  drawback  to  the  nee  of 
this  current  Moreover,  theee 
lamps  did  not  give  a  very  good 
distribution  of  light  for  gen- 
eral illuminating  purposes, 
as  they  threw  the  light  op- 
ward  to  a  much  greater  extent 
than   the  direct-current  arc. 

With  the  introduction  of  the  enclosed  arc 
it  was  found  that  an  alternating  arc  lamp 
could  be  made  to  work  in  a  satisfactory 
manner.  In  this  type  of  lamp,  which  is  now 
so  well   known   as   to  need   scarcely  any 


Fig.  1 


description,  the  arc  is  surrounded  by  a  small 
glass  globe.  The  heat  of  the  arc  expels  the 
greater  part  of  the  air  from  this  globe,  and, 
since  the  burning  takes  place  in  a  partial 
vacuum,  the  carbons  last  much  longer  and 
the  lamp  can  be  operated  with 
a  long  arc.  The  light  pro- 
duced is  peculiarly  soft  and 
steady,  and  is  well  distributed 
for  general  illuminating  pur- 
poeee.  These  IfonpB  take  a 
email er  current  than  the  ordi- 
nary arc  lamps,  and  require  a 
correepoudingly  higher  voltage 
on  acc'otmt  of  the.  increased 
length  of  the  arc.  These 
encloaed  arc  lamps  have  been 
used  most  largely  up  to  the 
present  time  on  constant- 
poteDtml  circuits,  but  they 
have  also  been  run 
in  series  on  direct- 
current  cbrcuits. 

It  was  soon  real- 
ized by  station 
managers  that  for 
street  lighting  it  would  be  de- 
sirable to  have  a  system  of 
of>erating  these  lamps  in  series, 
becatise  the  constant-potential, 
or  parallel,  system  of  distribu- 
tion \h  not  well  adapted  for 
1  igh  ts  (scattered  over  wide  areas, 
on  account  of  the  expenditure 
necessary  for  copper.  More- 
over, the  tendency  of  all  modem  central  sta- 
tions is  to  do  the  greatest  variety  of  work 
possible  with  the  least  number  of  different 
types  of  machine.  The  operation  of  incan- 
descent   lamps     from     alternating-current 
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Btations  reqniret  the  oae  of  the  ordinary 
constant-potential  alternator.  On  the  other 
hand,  the  seriefl  arc  system  requires  a  con- 
stant corrent;  and  if  a  transformer  is  used 
that  can  transform  from  constant  potential 
to  constant  corrent,  the  ordinary  arc  dyna- 
mos may  he  replaced  hy  these  transformers 
and  the  station  equipment  greatly  simplified. 

Having  given  a  few  of  the  points  showing 
the  desirability  of  sach  a  system,  we  will 
describe  the  apparatus  brought  out  by  The 
General  Electric  Company  for  this  purpose. 
This  plan  of  lighting  was  first  used  in  Hart- 
ford, Conn.,  and  has  since  been  successfully 
installed  in  a  number  of  places.  Fig.  2 
shows  a  street  provided  with  these  lamps. 
With  the  exception,  perhaps,  of  the  reflector, 
there  is  very  little  to  distinguish  them  from 
ordinary  arc  lamps,  so  far  as  general  appear- 
ance goes. 

The  chief  feature  of  the  system  is  the 
special  transformer  for  changing  from  con- 
stant potential  to  constant  current  This  is 
the  invention  of  Prof.  Elihu  Thomson,  and 


it  forms  a  most  interesting 
piece  of  apparatus.  The 
device  was  patented  some 
years  ago,  but  has  only  now 
been  brought  out  in  prac- 
tical shape.  Fig.  4  shows 
the  general  outside  appear- 
ance of  the  transformer  as 
built  in  the  larger  sizes, 
and  Fig.  6  shows  the 
mechanism.  Fig.  5  shows 
the  arrangement  of  the 
essential  parts  of  one  of  the 
smaller  sizes.  It  consists 
of  a  laminated-iron  core  of 
the  double-circuit  type, 
buUt  up  in  much  the  same 
way  as  an  ordinary  trans- 
former core.  The  primary 
coil  PP  surrounds  the 
middle  limb,  and  is  fixed 
in  the  position  shown. 
The  secondary  coil  is  of 
the  same  shape  as  the  pri- 
mary, and  is  arranged  so 
that  it  can  move  freely  up 
and  down.  This  secondary 
coil  is  connected  to  the  arc- 
lamp  circuit,  and  the  pri- 
mary coil  is  connected  to 
the  primary  mains  from 
the  alternator.  When  all 
the  lamps  are  burning,  i.  e. , 
when  the  E.  M.  F.  in  the 
secondary  is  at  its  highest 
value,  the  secondary  coil  rests  directly  on 
the  primary  in  the  position  iS^^/S^^.  When 
the  lamps  are  all  cut  out,  the  secondary 
is  practically  short-circuited,  and  the  coil 
occupies  the  position  SS.  The  movable 
coil  is  suspended  from  quadrants  on  the 
end  of  a  lever,  and  is  partially  counterbal- 
anced by  weights.  When  all  the  lights 
are  in  operation  and  the  current  is  at  its 
normal  amount,  the  weights  are  adjusted 
so  that  the  secondary  rests  on  the  pri- 
mary. The  current  in  the  primary  coil 
tends  to  set  up  magnetism  through  the 
core,  as  shown  by  the  dotted  lines.  The 
magnetism  set  up  by  the  secondary  is,  how- 
ever, opposed  to  that  in  the  primary,  and 
the  tendency  is  to  set  up  magnetic  leakage 
between  the  coils.  This  can  be  seen  to 
better  advantage  when  the  coil  occupies  the 
mid-position  S^S^,  where  the  lines  of  force 
leaking  across  are  shown  by  the  full  lines. 
The  current  in  the  secondary  coil  fiows  in  a 
direction  directly  opposite  to  that  in  the 
primary.     It  is  a  well-known   &ct   that, 
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when  two  oondactors  are  placed  side  by  side 
and  carry  currents  flowing  in  opposite  direc- 
tions, they  will  repel  each  other,  and  hence 
in  this  case  there  is  always  a  repulsive 
effect  between  the  coils.  Now  suppose  that, 
when  the  two  coils  are  together,  a  number 
of  lights  are  turned  out;  the  current  will  at 
once  tend  to  increase,  and  hence  the  repul- 
sive effect  will  be  so  increased  that  the 
secondary  will  move  up  until  the  balance  is 
again  restored  by  the  current  coming  back 
to  its  normal  amount.  This  means  that 
the  secondary  voltage  decreases  as  the 
coils  move  apart,  because  the  further  they 
are  apart,  the  greater  the  number  of  lines 
that  will  leak  between  them.  The  number 
of  lines  of  force  that  pass  through  the  sec- 
ondary will,  therefore,  be  decreased,  and 
the  secondary  voltage  be  correspondingly 
diminiihed. 
In  the  large  transformer  shown  in  Fig.  6 
there  are  two 
fixed  primary 
coils  with  two 
secondaries 
free  to  move 
up  and  down 
between  them. 
These  two 
movable  coils 
are  counter- 
balanced 
against  each 
other,  and  the 
weight  re- 
quired to 
counterbal- 
ance the  repul- 
sion is  carried 
on  a  small 
au  X  i  li  ary 
lever.  These 
transformers 
maintain  a  re- 
markably con- 
stant cufrent 
throughout 
their  range  of 
action.  By 
using  the  ad- 
justable quad- 
rant shown  in 
Fig.  6  the  ef- 
fective length 
of  the  lever 
arm  may  be 
made  to  vary 
with  different 
Fxo.8  positions  of 
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the  coU,  and  the  transformers  can  be  adjusted 
to  give  a  larger  current  at  full  load  than  at 
no  load  if  desired.  The  current  for  which 
they  are  generally  adjusted  is  6.6  amperes. 
Fig.  4  shows  the  transformer  mounted  in  its 
corrugated  cast-iron  case,  the  regulating 
lever  with  its  counterweight  being  also 
shown.  The  whole  transformer  is  immersed 
in  oil,  which  not  only  serves  to  secure  good 
insulation  but  also  conducts  the  heat  to  the 
outer  case,  and  at  the  same  time  prevents 
sudden  movements  of  the  coils  by  making 
the  whole  arrangement  act  as  a  dashpot. 
These  transformers  may  be  installed  in  the 
power  station  itself  or  at  any  convenient 
substation  where  they  can  be  supplied  with 
current  from  the  constant-potential  primary 


Fig.  1  shows  one  of  the  enclosed  lainps, 
with  its  reflector.  The  power  required 
for  each  lamp  is  about  425  actual  watts, 
of  which  25  watts  are  used  in  the  lamp 
mechanism.  With  the  normal  current  of 
6.6  amperes,  about  72  volts  are  required  at 
the  arc    Fig.  3  shows  the  lamp  with  the 
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outer  globe  off  and  the  case  removed.  The 
small  globe  endoeing  the  arc  is  shown,  as 
well  as  the  main  parts  of  the  mechanism. 
The  lamp  works  on  the  differential  principle. 
The  two  magnets   shown  are   placed  one 


Fio.  5 

above  the  other,  and  pull  in  oppo- 
site directions  on  a  laminated  anna- 
tore.    When  the  arc  become  long, 
enough  current  passes  through  the 
lower  magnet,  which  is  in  ehunt 
with  the  arc,  to  pull   down  the 
armature  and  cause  the  lamp  to 
feed.    The  lamp  is  provided  with 
a  cut-out,  so  that  the  circuit  will 
not  be  broken  in 
case  of  an  open  cir- 
cuit in  the  lamp  or 
an  accident  to  the 
carbons.    A  coiled 
spring   is  used   to  « 

take  up  the  vibra- 
tions of  the  arma- 
ture and  thus  pre- 
vent humming.  ^^  ^^^^ 
These  arc  lamps 
require  a  very  good 
grade  of  carbon, 
but  the  increased 
cost  is  more  thasK 

compensated  for  by  the  length  of  time  the 
lamps  will  bum  before  they  need  retrim- 
ming.  The  cost  for  carbons  for  each  trim- 
ming is  about  2i  cents,  and  the  lamps  need 


trimming,  on  an  average,  about  once  a 
week.  All  lamps  of  the  enclosed  type  should 
be  carefully  trimmed,  because  if  care  is 
not  taken,  the  result  may  be  that  too  much 
air  will  get  into  the  globes  when  the  lamp  is 
burning.  In  fact,  it  haa 
been  found  best  to  have 
a  duplicate  set  of  inner 
globes  that  can  be  cleaned 
and  provided  with  lower 
carbons  at  the  station 
and  then  used  to  replace 
the  globes  on  the  line. 

Taken  altogether,  this 
system  forms  one  of  the 
most  interesting  improve- 
ments that  has  been 
brought  out  in  connection 
with  arc  lighting  for  some 
time.    The   transformers 
require  little  or  no  atten- 
tion; certainly 
they  are  much 
leaa  expensive 
and    trouble- 
some  than  the 
average   arc 
macMne.   The 
iUuminatlng 
power  of  the 
lampi  seems 
to    be  quite 
iatisfautory, 
the    light   be- 
ing  very   soft 
and  steady, 
withotit  the 
glare  BO  notiee- 
abl©  in  con- 
nection   with 
ordinary    arc 
lamps.      It   is 
an  excellent 
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system  for  plants  equipped  with  alternators, 
as  it  enables  the  arc  lamps  to  be  9perated  sat- 
isfactorily by  putting  in  a  special  transformer 
instead  of  a  direct-current  arc  machine. 
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Surfaces  in  Need  op  BBACtNG — Methods  of  Bracing — ^Load  on  Braces— Calculating 
THE  Size  of  Stays  and  Braces — ^Diagonal  Stays — Rivets 


THE  sarfaces  of  steam-boiler  shells  are, 
in  general,  either  cylindrical,  hemi- 
spherical, or  flat.  A  cylinder  or  a 
sphere  sabjected  to  an  internal  pressure  is 
9df'W^ppor1xng;  that  is,  the  pressure  tends  to 
maintain  the  cylindrical  or  spherical  form  of 
the  vessel,  and  hinders  distortion  instead 
of  producing  it.  If  the  vessel  is  composed  of 
fiat  Borfaoes,  however,  an  interual  pressure 
tends  to  distort  it  and  give  it  an  approxi- 
mately spherical  form.  Then,  as  flat  sur- 
£eu»b  are  not  self-supporting,  it  follows  that 
they  must  be  stayed  or  braced. 

The  flat  surfaces  commonly  found  in 
stationary  boilers  are  the  boiler  heads  of  the 
ordinary  return-tubular 
boiler,  and  the  heads,  flat 
aides,  and  tops  of  fireboxes 
of  internally  fired  boilers 
of  the  locomotive  type. 
The  heads  of  stationary 
boilers  are  supported  in 
various  ways.  Probably 
the  most  common  method 
is  to  support  them  by 
crowfoot  braces,  which 
are  securely  riveted  to 
the  head  and  the  shell. 
The  crowfoot  brace  is 
shown  in  Fig.  1  (a).  In 
this  s£yle  of  brace,  the 
crowfoot  is  formed  by 
welding  flat  bars  to  a  cy- 
lindrical stem.  The  strap 
endy  or  part  that  is  riveted 
to  the  shell,  is  also  welded 
to  the  stem.  An  improved 
form  of  crowfoot  brace  is  the  McGregor  brace 
shown  in  Fig.  1(6).  This  brace  is  formed  by 
a  piece  of  sheet  steel,  bent  in  one  heat,  as 
shown.  Being  weldless,  it  may  naturally  be 
assumed,  and  the  assumption  has  been  borne 
out  by  experiments,  that,  for  equal  cross- 
sectional  areas,  it  will  bear  a  much  greater 
strain  than  the  welded  crowfoot  brace.  It 
will  be  observed  that  the  crowfoot  of  the 
McGregor  brace  is  formed  by  splitting  the 
sheet  and  bending  it  at  a  right  angle.  In 
the  Huston  improved  crowfoot  brace,  shown 
in  Fig.  1  (c),  the  crowfoot  is  formed  by  flan- 
ging the  plate  itself,  thus  giving  probably 


the  strongest  form  of  crowfoot  that  can  be 
devised. 

Small  boilers  carrying  a  rather  low  steam 
pressure  occasionally  have  the  heads  braced 
by  angle  irons  or  T  irons  riveted  to  the  head. 
For  higher  steam  pressures,  the  angle  irons  or 
T  irons  may  in  turn  be  supported  by  braces, 
oue  end  of  which  is  riveted  to  the  shell  and 
the  other  end  either  forked  to  straddle  the 
leg  of  the  T  iron  or  flattened  to  go  between 
two  angle  irons.  Ck>nnection  between  the 
angle  iron  or  T  iron  and  the  brace  is  then 
made  by  a  cotter,  and,  in  better  work,  by 
a  bolt  and  nut.  Channel  irons  riveted  to 
the  inside  of  the  head,  and  in  turn  supported 
by  stayrods,  have  also 
been  employed  for  high- 
pressure  boilers.  For 
large  boilers  carrying  high 
pressure,  the  most  direct 
way  of  supporting  the 
heads  is  to  employ 
through  stayrods  spaced 
about  14  inches  from  cen- 
ter to  center.  These,  in 
the  best  construction,  are 
rods  passing  through  both 
heads,  and  provided  with 
nuts  on  both  sides  of  the 
heads.  A  large  washer 
on  the  outside,  or  a  reen- 
forcing  leaf,  is  riveted  to 
the  head,  which  reduces 
the  bulging  under  pres- 
sure and  allows  the 
stayrods  to  be  widely 
spaced. 

Numerous  modifications  of  the  methods  of 
bracing  here  given  are  to  be  met  with  in 
practice.  For  staying  the  flat  sur£Bu;es  of  the 
water  legs  of  boilers  of  the  locomotive  type 
the  usual  and  most  direct  method  is  to 
employ  screw  staybolts,  which  are  screwed 
both  inlo  the  inside  and  outside  sheets,  and 
then  riveted  over  at  both  ends  while  cold. 
Staybolts  for  these  surfaces  being  subjected 
to  a  great  deal  of  alternating  bending  stress 
(in  addition  to  a  direct  tensile  stress)  will 
sooner  or  later  break  off  close  to  the  sheets. 
In  order  to  give  warning  of  this,  in  good 
work,  holes  are  drilled  axially  in  the  center 
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of  each  staybolt,  and  extend  at  least  } 
inch  beyond  the  internal  aorlkoe  of  the 
sheets.  Should  a  bolt  break,  the  steam  or 
water  issoing  from  the  hole  will  gire  warn- 
ing of  the  break.    In  boilers  coming  under 
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Fig.  2 

the  supervision  of  the  United  States  Steam- 
Vessel  Inspection  Service,  screw  staybolts 
are  not  allowed  to  be  used  any  more  unless 
they  are  drilled  at  each  end.  Instead  of 
riveting  over  the  ends  of  the  staybolts,  they 
may  be  fitted  with  a  nut  This  is  the  usual 
praictice  in  Scotch  marine  boilers;  it  is  rarely 
done,  however,  in  stationary  work. 

For  supporting  the  crown  sheets  of  inter- 
nally fired  boilers  of  the  locomotive  type, 
many  methods  are  in  use.  Probably  the 
most  common  method  is  to  stay  the  crown 
sheet  by  staybolts  screwed  and  riveted  to 
the  sheet,  and  suspended  from  girder  stays 
extending  across  the  sheet  The  girder 
stays  in  turn  are  tied  by  flat  bars  to  angle- 
or  T-iron  rings  riveted  to  the  inside  of  the 
shelL  When  the  crown  sheet  is  cylindrical, 
or  approximately  so,  it  is  often  supported  by 
long  stays  screwed  and  riveted  both  into  the 
shell  and  into  the  crown  sheet 

In  stajdng  boilers,  it  should  be  the  aim 
of  the  designer  to  distribute  the  stays  as 
equably  as  possible  over  the  area  to  be 
braced.  The  process  of  laying  out  the  bra- 
cing is  a  tentative  one,  involving  the  use  of 
judgment  and  common  sense.  After  the 
number  of  braces  of  a  given  size  Ivs  been 
determined  by  calculation,  it  will  frequently 
be  found  that  with  the  chosen  number  of 
braces  an  equable  distribution  is  out  of 
the  question.  Then  a  different  number 
of  braces,  and,  perhaps,  even  a  dififerent  size 
of  brace,  will  have  to  be  chosen. 

The  arrangement  of  braces  depends,  to  a 


large  extent,  on  the  shape  of  the  area  to  be 
braced.  For  rectangular  areas,  such  as  are 
presented  by  the  firebox  sheets  of  boilers  of 
the  locomotive  type,  the  most  common  and 
natural  method  is  to  arrange  the  stays  in 
equidistant  horizontal  and  vertical  rows. 
For  bracing  the  heads  of  return-tubular 
boilers,  the  Hartford  Steam-Boiler  Inspec- 
tion and  Insurance  Company  advocates 
arranging  the  braces  in  concentric  rows,  as 
shown  in  Fig.  2,  the  design  shown  bdng 
for  a  72-inch  boiler  braced  by  crowfoot 
braces  riveted  to  the  head  and  shell.  When 
the  head  is  stiff^aned  by  T  irons,  an  excellent 
arrangement  of  them  is  that  shown  in  Fig.  3. 
As  will  be  observed,  the  T  irons  are  arranged 
radially,  and  each  is  securely  riveted  to  the 
shell.  The  forked  end  of  the  braces  is  then 
oottered  to  the  T  iron  between  the  rivets,  as 
shown.  The  great  advantage  of  this  system 
of  bracing  is  that  by  it  the  number  of  braces 
is  reduced,  thus  making  the  boUer  more 
accessible  for  cleaning  and  repairing.  The 
reduction  in  the  number  of  braces  naturally 
requires  each  brace  to  be  larger. 

When  angle  irons  are  used,  a  common 
plan  is  to  arrange  them  as  shown  in  Fig.  4, 
and  rivet  them  securely  to  the  head.  The 
braces  supporting  the  angle  irons  are  then 
distributed  as  shown.  The  area  supported 
by  each  stay  or  brace  is  the  area  bounded  by 
lines  midway  between  the  stay  and  the 
nearest  stays  surrounding  it.  Thus,  in 
Fig.  5,  the  dotted  lines  show  the  area  sup- 
ported  by  the  central  stay.    When  stays 
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are  arranged  in  equidistant  rows,  as  shown 
in  the  figure,  which  is  the  usual  way  of 
arranging  them  in  the  fiat  surfaces  of  fire- 
box boilers,  the  area  supported  is  equal  to 
the  square  of  the  center-to-center  distance, 
or  piichy  of  the  stays. 
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In  calculating  the  total  area  that  is  to 
be  sapixxrted,  it  can  safely  be  assumed,  for  a 
boiler  head,  that  the  flanging  of  the  head 
will  support  it  for  a  distance  equa^  to  six 
times  the  thickness  of  the  plate.    Likewise, 


with  the  flat  surfitces  of  the  flrebox,  the 
flanging  of  the  end  sheets  will  support  them 
to  a  distance  that  may  be  taken  equal  to 
six  times  the  thickness  of  the  plate.  In 
the  case  of  the  head  of  a  horizontal  return- 
tubular  boiler,  the  tubes,  when  well  rolled, 
act  as  stays  and  render  further  staying  of 
this  part  of  the  boiler  unnecessary.  The 
tubes  may.  also  be  assumed  to  safely  support 
the  head  for  a  distance  equal  to  about  one 
and  one-quarter  times  the  diameter  of  the 
tube,  measuring  from  the  center  of  the 
upper  row  of  tubes.  Thus,  in  Fig.  6,  with 
a  boiler  head  i  inch  thick,  and  tubes 
Si  inches  in  diameter,  the  areas  to  be 
supported  by  [staying  are  those  enclosed  by 
dotted  lines.  The  flange  of  ;the  head 
supports  it  for  i  X  6  =  3  inches;  the  tubes 
support  the  head  for  a  distance  of  3}  X  li 
=  4{  inches  from  the  center  of  the  tubes. 
The  total  area  to  be  supported  can  now 
be  calculated  by  the  rules  of  mensuration, 
taking  the  necessary  measurements  from  a 
scale  drawing.  The  total  pressure,  or  load, 
on  the  area  to  be  supported  is  the  product 
of  the  steam  pressure  and  the  area  In  square 
inches. 

Considering  the  thickness  of  the  plate  to 
be  braced,  it  is  evidently  necessary  to  have 


the  braces  or  stays  dose  enough  to  each 
other  to  prevent  excessive  bulging  between 
the  stays.  In  other  words,  the  area  that 
each  stay  or  brace  supports  should  not 
exceed  a  certain  number  of  square  inches; 
the  area  depending  on  the  thidcnees  of  the 
plate  and  the  steam  pressure  to  be  carried. 
This  area  has  been  determined  experimen- 
tally, and  is  given  by  the  following  rule, 
which  has  been  deduced  from  rules  of  the 
Board  of  Supervising  Inspectors  of  Steam 
Vessels: 

RuLB  I. — Muliiply  US  by  the  square  of  the 
thickness  of  the  ptale  in  sixteenths  of  an  inch, 
and  divide  the  product  by  the  steam  pressure 
in  pounds  per  square  inch.  The  quotient  vnU 
be  the  maanmum  area,  in  square  inches,  thai 
can  be  supported  safdy  by  one  stay.  For  plates 
above  ^  of  an  inch  in  thickness  use  ItO  instead 
of  lit. 

From  this  rule,  the  maximum  pitch  of 
stays,  arranged  in  equidistant  rows,  can 
readily  be  found  by  extracting  the  square 
root  of  the  area  given  by  rule  I. 

While  the  rule  is  only  prescribed  by  law 
for  flreboxes,  frimaoes,  and  back  connections 
of  marine  boilers,  it  may  advantageously  be 
applied  to  the  heads  and  other  flat  surfiioes 
of  stationary  boilers  as  a  test  of  the  spacing 
of  the  braces  and  stays.  For  example,  sup- 
pose it  has  been  decided  to  use  8  stays  on  the 
upper  part  of  the  60-inch  boiler  head  shown 
in  Fig.  6.  Let  the  area  be  720  square  inches. 
Then,  with  the  stays  equably  distributed, 
each  stay  will  support  720  -i-  8  =  90  square 
inches.  Suppose  the  head  is  f^  of  an  inch 
thick,  and  the  steam  pressure  is  to  be  100 
pounds.    Then, 

by  rule  I,   the    •  •  • 

maximum  area 


IS 


112  X  7« 
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100 
54.88  square  % 
inches.  This 
shows  that  there 
are  not  enough 
braces  for  the 
given  steam  # 
pressure  and 
thickness  of 
boiler  bead.  Hence,  if  the  steam  pressure 
cannot  be  lowered  or  the  thickness  of  the 
head  increased,  the  number  of  braces  must 
be  increased.  Knowing  the  area  allowable 
for  each  stay  and  the  total  area  to  be  sup- 
ported, the  minimum  number  of  stays  is 
evidently  the  total  area  divided  by  the  area 
allowable  for  each  stay.  Thus,  taking  the 
same  example  as  above,  there  should  be  not 
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less  than  720  h-  54.88  =  13+,  say  14,  braoes. 
When  plotting  the  distribution  of  braoes 
over  irregolar  sorfiioeB  it  will  often  be  found 
that,  with  the  number  of  braoes  calculated 
as  above,  an  equable  distribution  is  impos- 
sible. In  that  case  use  the  next  larger  num- 
ber that  will  insure  a  good  distribution.    For 


Fia.  6 

instance,  in  a  design  of  head-bracing  for  a 
60-inch  boiler  head  to  carry  100  pounds  pres- 
sure, designed  and  advocated  by  the  Hart- 
ford Steam-Boiler  Inspection  and  Insurance 
Company,  we  find  15  braoes  used,  against 
14  found  by  calculation. 

Haying  determined  the  number  of  braces 
or  stays,  the  next  step  is  to'  find  the  load 
each  stay  has  to  support.  This  load,  in  case 
of  direct  stays  (stays  at  a  right  angle  to  the 
surface),  is  equal  to  the  product  of  the  area 
supported  and  the  steam  pressure.  Thus,  for 
stays  in  equidistant  rows  and  with  a  6-inch 
pitch,  for  a  steam  pressure  of  100  pounds,  the 
load  on  each  stay  will  be  6»  X  100  =  3,600 
pounds. 

In  the  case  of  crowfoot  and  other  stays 
making  an  angle  with  the  surface  supported, 
the  load  on  each  stay  will  be  increased  by 
reason  of  this  angle.  The  load  on  such  a  stay 
can  be  found  by  the  following  rule: 

Rule  II. — Divide  the  length  of  the  center  line 
of  the  stay,  measured  between  the  points  of  in- 
tersection of  this  center  line  with  the  head  and 
shdl,  by  the  perpendicfdar  distance  between  the 
intersection  of  the  center  line  of  the  stay  with 
the  sheU  and  the  head.  MidHply  the  qtwHent 
thus  obtained  by  the  product  of  the  area  and 
the  steam  pressure. 

For  example,  take  the  crowfoot  stay  shown 
in  Fig.  7.  Let  the  area  supported  be  60 
square  inches,  and  the  steam  pressure  100 
pounds.  Then,  by  rule  II,  the  load  on  the 
stay  is  H  X  60  X 100  =  6,750  pounds.    With 


stays  making  an  angle  with  the  surface  they 
are  to  support,  the  load  on  each  stay  should 
be  calculated,  as  the  different  stays  make 
different  angles  with  the  surface.  Having 
determined  the  load  on  the  stays  or  braces, 
the  minimum  area  of  the  stays  or  braces 
that  is  sufficient  to  safely  bear  this  load 
must  be  found.  In  all  boilers  constructed 
for  marine  work,  the  greatest  load  per  square 
inch  of  section  of  the  brace  is  fixed  by  law 
at  6,000  pounds.  In  stationary  boilers,  it  is 
usual  to  allow  a  load  as  high  as  7,500  pounds 
per  square  inch  of  section.  Then,  to  find 
the  minimum  area  of  the  brace  or  stay,  that 
is,  the  area  at  the  smallest  part,  expressed 
in  square  inches,  we  have  the  following 
rule: 

RuLB  III. — Divide  the  load  on  the  stay  by  the 
aUotoable  load  per  square  inch  of  section. 

For  example,  take  a  crowfoot  stay  on 
which  the  load  is  7,000  pounds.  Then, 
allowing  a  load  of  7,600  pounds  per  square 
inch,  its  minimum  area  must  be  7,000-^ 
7,500  =  .933  square  inch.  If  the  stay  is 
round,  the  diameter  corresx>onding  to  this 
area  is  li  inches,  nearly. 

The  rules  previously  given  will  allow  us 
to  solve  all  problems  relating  to  the  stay- 
ing of  boilers  by  direct  and  diagonal  stays, 
with  the  exception  of  the  riveting  of  the 
feet  and  shank  of  crowfoot  braces,  for  which 
rules  will  be  given  further  on.  We  will 
now  show  some  applications  of  the  rules, 
taking  some  regular  examination  questions 
for  examples. 

Example  1.— How  many  i-inch  staybolta 
are  required  for  a  crown  sheet  of  a  locomo- 
tive boiler  to  carry  120  pounds  steam  pres- 
sure? The  sheet  is  5  ft.  X  6  ft.  Allow  a 
load  of  6,000  pounds  per  squaire  inch  of 
section  on  the  stay. 

Solution. — ^In  this  example,  the  thickness 
of  the  plate  is  not  given,  hence  the  number 


\    ' 

Fig.  7 


of  stay  bolts  cannot  be  calculated  from  rule  I. 
But,  since  the  size  of  the  staybolts  is  known, 
the  load  each  staybolt  can  bear  can  be 
readily  calculated,  and,  by  dividing  the  total 
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load  by  the  load  on  each  staybolt,  the  nom- 
)>er  of  BtayboltB  can  be  obtained.  The  area 
of  the  sheet,  in  sqnare  inchee,  ia  4  X 12  X  6 
X  12  =  3,456  square  inches.  The  total  load 
is  3,456  X  120  r=  414,720  poonds.  The  area 
of  a  t-inch  staybolt,  assoming  that  the  bolt 
is  i  inch  at  the  bottom  of  the  thread,  is 
(i)'X.7854  =  .601  square  mch,  and  the  load 
it  can  bear  is  .601.  X  6,000  =  3,606  pounds. 
Then,  414,720-^3,606  =  115  etaybolts. 

ExAMPLB  2.— There  are  48  staybolts  in  a 
sheet  40  in.  X  50  in.  What  size  should  they 
be  for  a  steam  pressure  of  100  pounds  ?  The 
total  load  on  the  sheet  is  40X50X100  = 
200,000  pounds. 

Solution.— Since  there  are  to  be  48  stay- 
bolts,  the  load  each  staybolt  will  bear  when 
equably  distributed  is  200,000  h-  48  =  4,167 
pounds,  nearly.  Allowing  a  load  of  6,000 
pounds  per  square  inch  of  section,  the 
minimum  area,  by  rule  III,  will  be  4,167 
-i- 6,000  =  .6945  square  inch.  The  diam- 
eter corresponding  to  this  is  \  no^  =  H 

inch,  nearly. 

Since  the  thickness  of  the  plate  is  not  men- 
tioned in  the  two  examples  just  given,  it  is 
impossible  to  say  whether  or  not  there  will 
be  exceesiye  bulging  of  the  plate  between 
the  steys  when  the  pressure  is  applied.  The 
questions  given  are  actual  examination  ques- 
tions that  have  been  asked  candidates  for 
a  stationary  engineer's  license.  The  answers 
given,  and  the  method  of  working  the  prob- 
lems, while  usually  satis&ctory  to  the  exam- 
iner, are  scarcely  satis&ctory  to  a  designer. 
For  an  actual  design  it  is  recommended  that 
theee  calculations  be  checked  by  considering 
the  thickness  of  the  plate  and  applying  rule 
I,  thus  preventing  an  excessive  center-to- 
center  distance  of  the  stays. 

We  will  now  take  up  the  riveting  of  crow- 
foot and  similar  braces  to  the  head  and  shell. 
Evidently,  the  rivete  should  be  just  as  strong 
as  the  braca  Unfortunately,  the  rivets 
securing  the  crowfoot  to  the  hesid  are  not  in 
direct  tension,  and  cannot  be  calculated  for 
a  straight  puU,  as  can  be  done  for  the  brace 
itself.  Grenerally  speaking,  it  has  been  found 
that  if  the  combined  sectional  area  of  the 
two  rivets  in  the  crowfoot  is  made  equal  to 
one  and  a  quarter  times  the  minimum  area 
of  the  brace,  they  will  be  as  strong  as  the 
braca  Thus,  for  a  crowfoot  brace  1^  inches 
in  diameter,  the  Area  of  which  is  (!})' 
X  .7854  =  1.227  square  inches,  the  com- 
bined area  of  the  rivets  should  be  1.227 
X  1.25  =  1.524   inches,  whence  the  area 


of  each  rivet  is  1.524 -{-2  =  .762  square 

/ '  7ft2 

inch.  The  corresponding  diameter  is  ^  '    ^ 

=  say,  1  inch. 

A  great  many  boilermakers  make  the  area 
of  each  rivet  equal  to  one-half  the  area  of 
the  brace,  but,  as  this  will  leave  the  rivets 
weaker  than  the  brace,  it  is  better  to  make 
them  laiger. 

The  rivets  securing  the  shank  of  crowfoot 
and  similar  braces  are  in  single  shear,  and 
may  be  calculated  from  the  shearing  strength 
of  the  material.  In  practice,  however,  it  is 
the  usual  custom  to  make  their  combined 
area  equal  to  one  and  a  quarter  times  the 
area  of  the  stay.  The  rivete  securing  T  and 
angle  irons  to  heads  are  in  direct  tension, 
and  may  be  calculated  for  tension,  taking  a 
low  value  of  safe  tensile  strength.  In  gen- 
eral, it  will  not  be  advisable  to  allow  a 
greater  load  than  4,000  pounds  per  square 
inch  of  section  on  the  rivet.  Rivete  smaller 
than  f  inch  should  never  be  used. 

Having  laid  out  the  rivet  centers  on  the 
drawing  board,  spacing  them  as  equably  as 
feasible,  the  combined  cross-sectional  area 
of  all  the  rivets  can  readily  be  found.  Thus, 
if  the  area  to  be  supported  is  720  square 
inches,  and  the  pressure  100  pounds,  the 
total  load  is  720  X 100  =  72,000  pounds. 
If  there  -are  31  rivete,  as  in  Fig.  4,  each  rivet 
must  bear  a  load  of  72,000  -f-  31  =  2,323 
pounds,  nearly.  Then,  the  area  of  each 
rivet   is   2,323-5-4,000  =  .58  square  inch. 

The    corresponding    diameter    is    \/  70^4 

=  say,  i  inch. 

In  laying  out  the  rivet  centers  it  is  not 
always  possible  to  distribute  them  evenly 
over  the  surface  to  be  braced.  A  case  in 
point  is  shown  in  Fig.  3.  As  will  be  ob- 
served, the  rivete  have  been  arranged  in 
groups  of  two,  and  theee  groups  are  distrib- 
uted as  evenly  as  possible.  In  such  a  case 
it  is  well  to  calculate  the  rivet  size  for  the 
assembly  of  groups  having  the  least  number 
of  rivete  for  the  largest  number  of  steys. 
Thus,  in  Fig.  3,  the  vertical  T  iron  in  the 
center  carries  3  steys  with  8  rivete.  Plot  on 
the  drawing  board  the  area  supported  by 
the  3  stays;  calculate  it,  and  then  multiply 
by  the  steam  pressure  to  get  the  total  load  on 
the  8  rivets.  From  this,  obtain  the  diameter 
of  the  rivet  in  the  way  previously  explained. 
It  is  the  usual  practice  to  use  the  same  size  of 
rivete  for  all  head-bracing;  hence,  the  rivete 
that  carry  a  smaller  load  would  be  mad 
equal  to  those  carrying  a  larger  load. 
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S.  S.  Constable 
Usually  Absumbd  Too  High— Why  Smaller  Loads  Should  Be  Taken 


IT  HAS  too  long  been  the  practioe  of 
the  architect  and  engineer,  in  assuming 
the  live  loads  in  buildings,  to  consult 
precedent  and  lose  sight  of  the  actual  con- 
ditions. There  is  no  doubt  that  in  doing  so 
they  are  on  the  side  of  safety,  but  what  an 
extremely  costly  side  it  sometimes  is  for 
their  clients.  We  little  know^  and  realize 
less,  what  a  vast  amount  of  unemployed 
capital  there  is  stowed  away  in  good  mate- 
rijd,  occupying  valuable  space,  and  doing 
no  work  other  than  that  of  holding  up  its 
own  weight.  Especially  should  economy 
in  design  be  practiced  today,  when  material 
is  at  a  premium,  and  the  price  of  wood,  iron, 
and  steel  keep  dimbing  up  the  scale,  slowly, 
to  be  sure,  but  still  climbing,  untU  before 
we  realize  it  the  cost  of  building  has 
increased  one-third  at  least. 

There  is  no  doubt  of  the  difficulty  that 
the  problem  of  ascertaining  the  actual  live 
load  required  in  the  proposed  building  offers 
to  solution;  and  yet,  when  we  consider 
that  the  increase  of  the  live  load  by  10 
pounds,  in  one  of  our  sky-scraping  offices, 
means  an  additional  cost  of  many  thousand 
dollars,  it  behooves  us,  if  we  would  be 
honest  with  our  client,  to  carefully  analyze 
the  requirements  of  the  building,  and  at 
least  approach  the  truth  in  our  assumptions. 

The  dwelling  house  with  its  floor  loads 
need  not  be  especially  considered,  as  engi- 
neering skill  is  seldom  necessary  in  its 
design,  and,  besides,  certain  practical  con- 
siderations must  be  fulfilled;  so  that  the 
floors  in  the  modem  dwelling  are  usually 
many  times  stronger  than  are.  actually 
required,  though  it  must  be  remembered 
that  on  some  occasions  the  dwelling  house 
is  subjected  to  as  great  live  loads  as  halls  of 
public  assembly.  Besides,  it  is  not  unusual 
that  the  once  stately  city  house  flnds  itself 
in  queer  company;  the  tallow  factory  across 
the  way,  and  the  adjacent  grocery  ware- 
houses with  their  ever-clinging  aroma  of 
coffee  and  molasses,  are  not  pleasant  neigh- 
bors, and  so  the  occupants  resign  the  house 
to  the  commercial  world,  and  it  is  cruelly 
compelled  to  sustain  great  loads  of  filled 
flour  and  sugar  barrels—so  different  from 
the  gay  burdens  of  bygone  days — until 
the  very  joists  sag  with  weariness,  and 
have  to  be  propped  with  coarse  hemlock, 


a  veritable  forest  of  uncouth  roughness. 
To  guard  against  such  a  condition  of  affiurs 
would  be  to  anticipate  the  future,  a  practioe 
that,  though  well  enough  at  times,  cannot 
be  recommended.  Altogether,  the  practioe 
of  assuming  the  live  load  of  70  pounds  per 
square  foot  of  floor  surface  in  city  dwellings 
and  a  corresponding  load  of  40  pounds  per 
square  foot  in  country  houses,  does  well 
enough  and  probably  cannot  be  improved. 

The  live  load  in  office  buildings  and  places 
of  public  assembly,  such  as  churches, 
theaters,  and  halls,  is  altogether  a  different 
matter.  Here  the  live  loads  should  be  a 
determinate  factor,  or  at  least  approximately 
80,  and  should  be  assumed  only  after  due 
ddiberation.  It  has  been  the  custom  in  the 
design  of  these  buildings  to  figure  on  the 
weight  of  a  dense  crowd  of  people.  Such  a 
basis  of  calculation  would  be  logical  enough 
if  the  true  weight  of  an  average  crowd  of 
people  were  assumed,  and  the  &ct  con- 
sidered that  much  of  the  floor  space  in  such 
buildings  is  occupied  with  light  fomiture 
fixed  .to  the  fioor,  which  absolutely  pre- 
cludes the  possibility  of  such  a  crowd. 
Unfortunately,  however,  from  an  econom- 
ical point  of  view,  many  practicing  archi- 
tects take  the  weight  of  a  crowd  of  people  at 
150  pounds  per  square  foot  of  floor  wuftuce. 
This  figure  is  undoubtedly  due  to  the  results 
of  a  test  made  some  time  previously,  in  which 
68  stout  and  brawny  laborers  were  pcu^ed 
on  a  space  of  57  square  feet;  their  combined 
weight  being  found  to  average  147  pounds 
per  unit  of  area. 

The  absurdity  of  applying  such  data  to 
every-day  building  is  evident;  when  by 
repeated  counting  the  number  of  people  in 
the  crowded  aisles  and  standing  rooms  of 
theaters  has  failed  ever  to  reveal  a  weight  of 
more  than  40  or  50  pounds  per  square  foot  of 
fioor  surface.  Bearing  in  mind,  also,  that  the 
fixed  theater  seats  or  church  pews— which,  in 
the  least  commodious  quarters,  occupy,  with 
their  clear  space  in  front,  a  floor  area  of  5 
square  feet— cannot  accommodate  more  than 
one  person;  and,  assuming  the  weight  of  the 
seat  to  be  20  pounds  and  that  of  the  occupant 
to  be  150  pounds,  which  is  an  excessive  aver- 
age, the  combined  weight  is  only  170  pounds, 
which,  being  distributed  over  5  square  feet, 
averages  only  36  pounds  per  unit  of  area. 
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Tme,  sach  a  thing  bs  an  alarm  of  fire  may 
cause  a  panic  in  which  the  crash  of  the  • 
crowd  might  become  so  great  as  to  increase 
the  weight  on  the  floors  to  doable  the  osaal 
load;  even  then,  150  pounds  per  foot  of  area 
wonld  hardly  be  realised;  and,  moreover,  if 
sach  a  thing  did  happen,  it  is  very  probable 
that  it  woald  be  locally  confined,  and  ooald 
not  be  distributed  over  any  considerable 
area.  In  fiict,  if  every  seat  in  the  theater 
were  occapied,  and  the  standing  room  and 
aisles  crowded  to  their  utmost,  it  would  be 
impossible  for  the  people  in  the  seats  to  get 
into  the  aisles  with  sufficient  rapidity  to 
create  a  material  increase  above  the  normal 
load  at  these  places.  And,  even  if  all  the 
people  in  the  seats  where  the  pro  rata  is  5  , 
square  feet  were  to  crowd  over  the  backs 
of  the  seats  into  one-fifth  of  the  space 
they  formerly  occupied,  the  live  load  would 
haidly  reach  150  pounds.  Such  an  improb- 
able occurrence  would  not  happen  more  than 
once  in  the  lifetime  of  a  theater,  and  the 
usoal  large  factor  of  safety  allowed  for  such 
buildings  would  be  amply  sufficient  for  such 
a  contingency,  even  though  80  pounds  per 
square  foot  had  been  originally  assumed  as 
the  probable  live  load. 

Would  it  not  be  well,  then,  in  the  design 
of  such  buildings,  provided  the  ordinances 
of  the  dty  or  town  pennit,  to  adopt  a  live 
load  of  hem  70  to  90  pounds,  which  could 
be  done  with  perfect  safety  and  considerable 
saving  in  cost?  Q  is,  of  course,  for  the 
architect  or  engineer  to  propose,  and  for 
the  owner  to  approve,  which  he  will  not 
be  tardy  in  doing  when  he  sees  the  possi- 
bility of  saving  several  thousand  dollars. 

The  most  reliable  data  regarding  the  live 
loads  in  offices  show  that  the  weight  per 
square  foot  imposed  on  the  floor  area  is 
astonishingly  low  in  this  class  of  buildings. 
Some  years  ago  Measrs.  Blackall  iemd  Everett 
made  a  thorough  investigation  of  210  offices 
in  Boston,  with  the  result  that  the  load  was 
found  to  be  less  than  17  pounds  per  unit  of 
area,  while  the  average  of  the  10  heaviest 
offices  was  33  pounds,  and  the  maximum 
live  load  in  any  one  office  was  40  pounds. 
The  buildings  were  gone  over  very  carefully 
and  the  full  detail  of  the  contents  of  the 
offices  obtained,  average  weights  being 
assumed  for  the  various  articles  entering  into 
the  live  loads.  The  weights  of  various  articles 
of  ftimiture  were  avenged  from  the  actual 
weights  of  the  various  pieces.  The  weights 
of  tihe  safes  were  taken  at  the  actual  figures 
of  the  manufiMSturers.  The  average  weights 
are  given  in  the  following  table: 


Loads. 


Penoni 

BookB,  per  runniDg  foot  of  ihelf... 

Roll-top  desks 

Flat-top  deskfli 

Tables 

Chairs 

Radiators,  per  ranning  foot 

Letter  presses,  including  case . . 

Toilet  wardrobes 

Folding  screens 

Typewriter 

Glazed  partitions,  per  running  foot 

Soiks  

Chests,  per  foot  In  length 

Telephone  stands 

Counters,  per  foot 

Open  rail,  per  foot 

Steel-box  safes   


Weight. 
Pounds. 


160 

20 

260 

125 

76 

16 

100 

100 

160 

10 

26 

76 

60 

16 

26 

50 

3 

2,600 


From  this  data,  which  there  is  every  reason 
to  suppose  represents  the  usual  weights  in 
high  buildings  of  the  office  type,  it  would 
seem  that  40  or  50  pounds  was  a  sufficient 
live  load  to  assume  in  proportioning  the 
floorbeams,  which,  of  course,  must  be 
designed  to  sustain  maTimnm  loads,  while 
35  or  40  pounds  is  ample  in  calculating 
girders;  and  it  would  seem  reasonable  to 
design  the  columns  to  sustain  the  fiill  live 
load  on,  say,  the  two  fioors  above,  and  the 
average  load  of  from  20  to  25,  or  even 
17,  pounds  for  the  rest  of  the  superimposed 
tiers.  The  assumption  of  such  loads  would 
be  safe  beyond  question,  for  the  probability 
of  more  than  two  fioors  being  fully  loaded  is 
very  remote,  as  it  would  be  practically 
impossible  for  people  to  crowd  in  any  great 
mass  on  any  number  of  fioors  in  a  modern 
office  building.  It  will  be  some  years  before 
such  small  live  loads  will  be  assumed  in 
general  practice,  as  at  present  the  build- 
ing ordinances  of  nearly  all  large  cities 
require  that  the  buildings  shaU  be  so 
designed  as  to  sustain  ridiculously  large 
live  loads  that  can  never  be  realized. 

With  warehouses,  conditions  are  materi- 
ally difibrent.  Here,  there  is  no  telling 
what  load  the  floors  will  be  required  to 
sustain.  It  is  not  unusual  for  a  warehouse, 
proportioned  to  carry  light  storage,  to  be 
leased,  in  a  few  years,  by  a  publishing  house, 
who  pile  it  up  to  the  ceiling  with  bales  of 
calendered  paper  and  bound  books,  creating 
loads  that  the  designer  never  figured  on. 
This  is  the  one  class  of  buildings  in  which 
it  would  seem  justifiable  to  look  somewhat 
into  the  future,  and  proportion  the  beams, 
girders,  and  columns  for  the  greatest  possible 
load  that  might  occur. 
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HIGH-FREQUENCY  TRANSFORMERS  ON 
LOW-FREQUENCY  CIRCUITS 


WHEN  altematmi^carrent  plants  were 
iiret  installed,  a  frequency  of  125  or 
133  cycles  per  second  was  oommonly 
used,  and  was  found  quite  satisfactory.  At 
that  time  alternating-current  motors  had  not 
been  perfected,  and  the  current  was  used 
wholly  for  lighting  purposes.  When  alter- 
nating-current motors  were  introduced,  it 
was  found  desirable  to  use  lower  frequencies, 
since  the  losses  in  the  motors  were  greater 
with  the  high  frequency,  and  what  was  even 
more  objectionable,  the  inductive  effects  on 
the  line  were  large.  Rotary  transformers 
also  operated  much  better  on  circuits  having 
lower  frequency. 

In  order  to  have  a  frequency  that  would 
be  fairly  well  suited  for  both  lighting  and 
power  work,  the  manu&cturing  companies 
have  adopted  a  standard  frequency  of  60. 
This  is  not  low  enough  to  cause  any  flicker- 
ing in  the  lights,  and  it  operates  motors 
satisfactorily.  In  a  great  many  cases  these 
60-cycle  machines  have  been  placed  in 
plants  that  have  already  been  operating 
125-cycle  transformers,  and  the  question 
naturally  arises:  May  these  transformers 
be  operated  on  60  cycles,  or  must  they  be 
replaced  by  others  designed  especially  for  60 
cycles? 

Whether  or  not  the  high-frequency  trans- 
formers will  operate  well  will  depend  largely 
on  the  design  of  the  transformer,  and  in 
order  to  examine  the  effects  produced  when 
it  is  operated  in  this  way  we  will  consider 
the  fundamental  relations  existing  between 
the  primary  voltage,  primary  turns,  magnetic 
flux,  and  frequency.  This  relation  may  be 
expressed  as  follows: 

Primary  voltage  = 
k  X  flux  X  primary  turns  X  frequency. 

A;  is  a  constant,  the  value  of  which  is  not 
necessary  for  the  present  purpose.  For  a 
given  transformer  the  value  of  the  primary 
voltage  and  the  primary  turns  are  fixed, 
because  in  changing  the  transformer  over 
from  125  cycles  to  60  cycles,  it  is,  of  course, 
assumed  that  the   primary  voltage  is  not 


altered.    We  may  then  write  this  equation: 
Magnetic  flux  in  core  = 

primary  voltage      

k  X  primary  turns  X  frequency' 

It  will  at  once  be  seen  from  this  that  if  we 
cut  the  frequency  from  125  down  to  60,  the 
magnetic  flux  in  the  core  must  be  a  little 
more  than  doubled  In  order  that  the  primary 
coil  may  generate  an  E.  M.  F.  equal  and 
opposite  to  that  of  the  mains.  The  cross- 
section  of  the  core  is  fixed,  and  in  order  to 
double  the  total  flux  the  density  in  the  iron 
must  be  doubled.  Now,  this  means  that 
the  primary  current  at  no  load,  or,  in  other 
words,  the  magnetizing  current,  must  be  at 
least  doubled,  if  not  considerably  more  than 
doubled,  and  if  the  wire  in  the  primary  coil 
is  not  of  ample  cross-section,  this  is  liable 
to  increase  the  heating  effect  when  the  trans- 
former is  loaded.  The  loss  in  the  iron  core 
will  also  be  greater  on  account  of  the  higher 
density  to  which  the  magnetism  is  forced, 
but  this  increase  may  not  be  very  great 
because  the  increased  density  is  ofQset  to  a 
large  extent  by  the  decreased  frequency. 

To  sum  up  the  above,  it  may  be  stated 
that,  under  ordinary  circumstances,  a  trans- 
former designed  for  operation  on  a  125-cycle 
circuit  will  tend  to  run  hot  when  operated 
on  a  60-cycle  circuit.  If  the  density  in  the 
core  of  the  transformer  is  very  low  (as  it 
usually  is)  when  designed  for  125  cycles, 
and,  if  the  primary  wire  is  of  ample  cross- 
section,  the  heating  on  60  cycles  may  not  be 
sufficient  to  interfere  with  the  operation. 
In  fact,  transformers  are  now  designed  that 
will  operate  almost  equally  well  on  either 
frequency,  but  many  of  the  older  types 
were  not  so  carefully  designed,  and  they 
heated  so  much  on  the  lower  frequency  that 
they  could  not  be  used.  Of  course,  the  ratio 
of  transformation  is  not  (Changed  in  any  way, 
so  that  although  a  high-frequency  trans- 
former might  heat  excessively  on  the  low- 
frequency  circuit,  it  would  operate  equally 
well  so  far  as  giving  the  correct  secondary 
voltage  is  concerned. 
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MEASURING  SMOKE 


D.  Petri- Palmedo 


Smoke — Smoke    Prevention — The   Smoke-Density   Indicator— tRingelmann's   Smoke 

Scale — Smoke  Diagrams 


THE  smoke  iBSoing  from  the  many  chim- 
neys in  a  manufacturing  town  is  not 
only  a  great  nuisance,  but  represents 
considerable  loss  as  well,  for  smoke  is  finely 
divided  carbon,  carried  along  with  the  gases 
of  combustion,  and,  when  deposited,  is  called 
800i,  or  lampbicuik.  This  carbon,  instead  of 
haying  been  burned  to  carbonic-acid  gas,  as 
it  should  have  been,  was  heated  to  incan- 
descence, and  then,  on  account  of  the  lack  of 
oxygen,  allowed  to  cool  below  the  tempera- 
ture of  ignition,  which  rendered  it  incom- 
bustible. The  carbon  in  the  smoke  being 
incombustible,  there  is  no  such  thing  as 
gmoke  consumptionf  or  smoke  burning^  and 
there  can  be  smoke  prevention  only  by  con- 
triving so  that  the  particles  of  carbon,  while 


the  time  the  coal  is  all  incandescent;  that  is, 
just  before  a  new  charge,  which  would  cut 
down  the  efficiency.  There  is  no  means 
for  telling  by  the  appearance  of  the  fire  alone 
whether  there  is  too  much  air  or  not,  and  a 
contrivance  designed  to  supply  this  means 
ought  to  be  highly  appreciated. 

Such  a  contrivance  has  lately  been  brought 
out  by  a  Grerman  firm  under  the  name  of  a 
smoke-density  indicaiory  and  we  understand 
that  it  is  now  regularly  manufactured.  The 
apparatus  is  based  on  the  idea  that,  if  the 
fireman  could  be  enabled  to  watch  the  smoke 
that  passes  from  his  furnace,  he  would 
endeavor  to  so  grade  his  fire  that  the  smoke 
would  always  show  a  very  light-gray  color, 
next  to  no  color  at  all,  which  would  indicate 


incandescent,  are  brought  into  contact  with 
the  necessary  oxygen  to  form  carbonic-acid 
gas. 

There  have  been  suggestions  innumerable 
for  the  prevention  of  smoke,  in  the  way  of 
more  or  less  expensive  furnace  constructions 
and  special  appliances  for  the  regulation 
of  the  air  supply,  many  of  which  have 
certainly  proved  very  meritorious,  among 
them  being  the  down-draft  system  and 
various  mechanical  stokers.  In  the  major- 
ity of  cases,  however,  the  proper  regulation 
of  the  air  supply  will  depend  on  the 
fireman,  and  it  is  safe  to  say  that  the 
beet  smoke  consumer  is  a  good,  intelligent 
fireman,'  receiving  fair  wages  for  reasonable 
working  hours.  Nevertheless,  with  all  the 
care  that  a  fireman  may  bestow  on  the  fire, 
the  furnace  may  not  attain  the  highest  possi- 
ble degree  of  ^dency;  for,  while  he  may 
succeed,  with  a  good  frimacs^  in  preventing 
smoke  by  properly  arranging  the  fire  and  the 
draft,  there  may  be  such  a  thing  as  too  much 
air  in  the  combustion  chamber,  especially  at 


that  the  combustion  was  complete,  and  that 
there  was  not  too  much  air  at  the  end  of  the 
gasification  period.  Of  course,  the  fireman 
cannot  keep  running  outside  to  look  at  the 
chimney  top,  so  matters  must  be  so  arranged 
that  the  smoke  can  be  seen  from  a  point 
near  at  hand.  This  the  inventors  of  the 
indicator  have  accomplished  by  inserting 
into  the  furnace,  where  it  connects  with  the 
chimney  duct,  a  perforated  tube  that  pro- 
jects out  of  the  setting  at  some  convenient 
point  to  connect  with  the  indicator.  The 
latter,  according  to  the  Zeitschrift  der  Damp/- 
kessel  Untersuchungs  und  Versicfierungs  Gesell- 
schaft,  WieUj  consists  of  a  tube  J,  Fig.  1,  about 
3  feet  long  and  1}  to  2  inches  wide,  closed  at 
both  ends  by  glass  disks,  and  provided  with 
a  smoke  inlet  B  connected  to  the  perforated 
tube  in  the  furnace,  and  a  smoke  outlet  C 
either  connected  to  the  chimney  or  to  a 
small  fan,  as  is  most  convenient  Smoke  of 
the  quality  existing  in  the  furnace  is  thus 
constantly  being  drawn  through  this  tube  A, 
By  placing  a  light  D  (either  an  incandescent 
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or  a  kerosene  lamp)  at  one  end  of  the  tube, 
and  obflerving  it  by  looking  in  at  the  other 
end,  the  density  of  the  smoke  can  be  esti- 
mated by  the  ^ect  it  has  on  the  brilliancy 
of  the  light.  The  apparatus,  which,  thus 
far  described,  presents  itself  in  its  simplest 


provided  another  tabe  E,  concentric  with  the 
first,  through  which  the  light  D  shines,  also. 
The  front  end  of  this  tube  is  covered  by  a 
ground-glass  disk.  A  reflector  d  throws  the 
light  forward  and  projects  a  dark  inner 
circle   on   the    ground   glass  (the  darker. 
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form,  is  placed  near  the  water  gauge  or  some 
other  fixture  that  the  fireman  is  obliged  to 
use  frequently,  so  that  he  is  reminded  of  its 
presence.  To  make  the  observation  easier 
and  more  independent  of  the  prevailing  con- 
ditions of  light  in  the  fireroom,  the  inventors 
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the  denser  the  smoke  is)  within  a  bright 
outer  ring.  A  funnel  serves  to  make  the 
shadowgraph  more  marked  by  keeping  off 
the  surrounding  light  of  the  room.  In 
this  form,  the  apparatus  ought  to  give 
good  service.     For  testing   purposes,    the 


Digitized  by 


Qoogv^ 


MEASURING  SMOKE 


155 


detennination  of  the  relative  smoke-pre- 
venting  qualities  of  yarioua  ftirnaoe  oon- 
Btnictions,  or  the  relative  smoke-prodadng 
qnalitiee  of  varioos  kinds  of  cods,  or  the 
inflaence  on  smoke  pro- 
daction  and  prevention 
of  various  methods  of 
firing,  the  inventors 
have  brought  their  indi- 
cator into  connection 
with  a  system  of  smoke 
measaring  proposed 
aboat  two  years  ago 
(Etvue  Technique^  1898) 
by  Prof.  Max  Ringel- 
mann,  of  the  Jrut,  Nat, 
Agronomique,  We  shall 
describe  the  system  in 
brief,  from  which  its 
applicability  to  theappa- 
ratos  will  be  understood. 

The  system  is  an  improvement  on  an  older 
method,  which  consisted  in  comparing  by 
eye  the  color  of  the  smoke  with  a  scale  of 
predetermined  colors,  each  bearing  a  certain 
number.  The  trouble  with  this  method  was 
the  difficulty  of  always  producing  the  same 


(llJi)S 


Viewed  from  a  certain  distance,  dependent 
on  the  scale  to  which  the  grating  is  drawn, 
the  sheets  look  uniformly  tinted— the  darker, 
the  thicker  the  lines  of  which  the  grating 
is  formed — ^the  distance 
between  the  centers  of 
two  adjoining  lines 
being  the  same  in  all 
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Such  color  sheets,  in- 
stead of  being  made  by 
the  laborious  process  of 
drawing  lines  by  hand, 
can,  of  course,  be  pro- 
duced in  quantities 
much  cheaper  and  much 
more  accurately  by 
photolithography,  the 
gratings  being  drawn  to 
a  comparatively  large 
scale  and  then  reduced 
The  sise  of  the  sheets  is 
said  to  make  some  difference  in  the  ready 
distinction  of  the  tints,  and  is  recommended 
to  be  not  smaller  than  4  inches  square. 

The  gratings  may  be  looked  on  as  consist- 
ing of  a  number  of  squares  A^  B,  C,  D,  Fig.  3. 
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in  the  usual  way. 


(S)^ 


(6S)3 


(9^)B 


(1)1 


Fig.  4 


Fig.  6 


tint  for  each  color  number.  This  trouble 
Professor  Ringelmann  has  overcome  by  cov- 
ering sheets  of  white  paper  with  gratings  of 
black  lines,  drawn  with  India  ink  (Fig.  2). 


In  order  that  the  observer  may  not  have 
to  stand  too  feir'  away  from  the  sheets  to 
have  the  impression  fit>m  them  of  a  uniform 
tint,    Professor    Ringelmann    recommends 
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that  the  aides  of  the  squares  ^,  ^,  C,  D,  be 
made  equal  to  2.5  mm.  =  ^  mch,  nearly; 
then,  the  area  of  the  square  ^1  be  yjhr  square 
inch.  If  these  squares  contain  no  black  at 
all— that  is,  when  the  sheet  is  white— then 
it  represents 

no  smoke.  (0) 

When  the  squares  A,BjC,D  contain  1  part 
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Fig.  6 


of  black  and  4  parts  of  white,  the  sheet 
represents  ' 

thin  smoke.  ( 1 ) 

With  2  parts  black  and  3  parts  white, 
it  means 

smoke  of  moderate  density.     (2) 
With  3  parts  black  and  2  parts  white,  the 
sheet  resembles  the  color  of 

dense  smoke.  (S) 

With  4  parts  black  and  1  part  white,  the 
color  resembles  that  of 

very  dense  smoke.  { 4 ) 

An  all-black  sheet  represents 

opaque  smoke.  (5 ) 

The  portion  of  the  area  left  white  is  for 
the  different  numbers,  respectively: 
{1)        W        iS)        (4) 
i  i  i  J  or 

TiWW    TiWW    tMz    dVW  square  inch; 
from  which  the  sides  of  the  white  squares  - 
.Oli/SO    .011/60    .01>/4b    .Olv  20,  or 
.089  .077  .063  .045; 

and,    consequently,  the   thickness   of  the 
black  lines, 

..1  — .089    .1-.077     .1  -.06:3   .1— .045,  or 

.011  .023  .037  .055 

(1)  W  (S)  (4) 

The  use  of  the  smoke  scale  is  as  follows: 

The  observer  takes  a  stand  so  that  the  sun 

will  be  behind  him,  and  compares  the  color 

of  the  smoke  at  a  height  above  the  top  of 

the  chimney  equal  to  the  diameter  of  the 

chinmey.    The  wind  has  much  to  do  with 

the  ease  of  observation,  and  a  windy  day  is 

therefore  not  suitable   for  the  test.     The 


results  of  such  observations  are  plotted  on 
a  sheet  of  cross-section  paper,  the  horizontal  - 
divisions  of  which  represent  the  time,  and 
the  vertical  ones  the  smoke-scale  numbers. 
Diagrams  are  thus  obtained,  as  shown  in 
Figs.  4  and  5,  the  areas  of  which  are  meas- 
ures of  the  smoke-producing  quality  of  the 
furnace  to  which  the  chimney  belongs,  or 
measures  of  the  nuisance  of  the  smoke,  as 
Professor  Ringelmann  puts  it,  or  measures 
of  the  smoke-producing  quality  of  the  fuel 
employed,  or  finally  of  the  r^tive  merits 
of  various  modes  of  firing.  It  will  be 
noticed  that  the  vertical  distances  between 
the  lines  0^  i,  f,  5,  4,  and  5  are  not  equal. 
There  is  this  good  reason  for  it:  If  they  were 
made  equal,  that  is,  the  ordinates  propor- 
tional to  the  numbers  of  the  scale,  as  in  Fig. 
6,  this  would  indicate,  for  this  figure,  that 
the  smoke  of  the  density  6  issuing  from  a 
chimney  during  1  minute  is  no  greater  a 
nuisance  than  smoke  of  a  density  /  issuing 
during  a  period  of  5  minutes.  This  is  not 
the  case,  however.  The  smoke  nuisance  is 
directly  proportional  to  the  number  of  sus- 
pended carbon  particles  carried  with  the 
gases  of  combustion.  If,  now,  N  is  the 
number  of  such  particles  necessarily  con- 
tained on  a  unit  surface  to  give  it  a  certain 
color,  or  tint,  then  the  unit  volume  of  the 

smoke  contains  iv  nY  =  N^  particles. 
The  ordinates  representing  the  smoke  scale 
in   our   diagram,  therefore,  must    not   be 


Fig. 

directly  proportional  to  the  numbers  of  the 
scale,  but  to  the  power  f  of  the  numbers. 
Thus,  we  have  for  the  scale  numbers 
io)    (/)    (e)    (s)    {4)    (5), 
the  ordinates 

0         1       2,8    5.2     8.0     II. f. 
Such  a  diagram  can  be  treated  exactly 
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like  a  Bteam-engine  diagram,  finding,  by 
means  of  calculation  or  the  planimeter,  the 
mean  smoke-density  line  for  the  time  covered 
by  the  test;  and,  comparing  the  same  with 
the  mean-density  line  of  other  tests  covering 
a  like  period  of  time,  relative  data  can  be 
obtained.  Thus,  if  Fig.  4  represents  the 
smoking  performance  of  a  ftimaoe  fired  by 
fireman  A,  and  Fig.  5  that  of  the  same  fur- 
nace fired  by  fireman  B  daring  eqoal  periods 
of  time,  with  the  same  fuel,  and  all  other 
conditions  the  same,  then  we  find  that  the 
performance  of  the  fomaoe  nnder  A's  care 
is  to  the  performance  under  B's  care  as 
205  :  334,  as  &r  as  smoke  production  is  con- 
cerned, and  as  334  :  206,  as  fiur  as  smoke 
prevention  is  concerned. 

Referring  to  the  apparatus  above  described, 
the  same  use  is  made  of  Ringelmann's  scales 
by  dividing  the  ring-shaped  surface  of  the 
ground  glass  between  the  inner  and  outer 
tubes  with  six  sectors,  each  being  covered 


with  a  different  one  of  the  six  gratings,  as 
shown  in  Fig.  7.  It  is  thus  easy,  in  looking 
into  the  tube,  to  at  once  tell  the  density  of. 
the  smoke  by  the  similarity  in  shade  of  the 
inner  circle  with  one  of  the  sectors  of  the 
outer  ring.  The  scheme  has,  we  understand, 
been  carried  still  Airther  by  arranging  the 
ground-glass  disk  with  the  scales  thereon  so 
that  it  can  be  turned  around  the  inner  tube. 
A  diaphragm,  or  partition,  is  placed  behind 
it  in  the  ring-shaped  space  between  the  inner 
and  outer  tubes,  which  partition  has  one 
sextant  cut  out  of  it.  The  light  shines  on 
the  ground  glass  only  through  this  sextant  of 
the  outer  tube.  By  turning  the  ground 
glass,  that  particular  sector  of  it  can  be 
brought  to  register  with  the  sector  cut  out  of 
the  partition,  which  makes  the  inner  circle 
and  the  sector  look  alike.  The  motion 
imparted  to  the  ground  glass  can  finally 
be  transferred  to  an  automatic  registering 
device. 


DEATH  OF  A  PIONEER  AERONAUT 


THE  recent  death  of  Mr.  H.  T.  Coxwell, 
at  the  age  of  81,  removes  one  of  the 
most  distinguished  pioneers  of  aero- 
nautics. In  the  year  1862,  a  committee'  of 
the  British  Association  made  a  series  of 
unsuccessful  balloon  experiments  for  the 
purpose  of  making  meteorological  observa- 
tions. The  failure  of  these  attempts  induced 
Mr.  Ck>xwell  to  construct  a  special  balloon 
that  was  80  feet  high,  55  feet  in  diameter, 
and  held  93,000  cubic  feet  of  gas.  In  the 
ascents,  Mr.  Ck»xwell  had  control  of  the  bal- 
loon, and  James  Glaisher,  F.  R.  S.,  accom- 
panied him  to  make  the  meteorological 
observations.  The  first  ascent  was  made  on 
July  17, 1862;  on  this  occasion  they  attained 
a  height  of  four  miles,  and  traveled  sixty 
miles  in  two  hours.  On  September  5, 1862, 
Mr.  Glaisher  and  Mp.  Coxwell  reached  a 
height  of  seven  mile?,  and  very  nearly  lost 
their  lives.  At  this  great  altitude  men  and 
other  mammals  experience  great  difficulty  in 
breathing,  and  no  mammal  could  endure  a 
much  greater  elevation,  though  some  birds 
soar  to  even  greater  altitudes. 

These  intrepid  investigators  made  many 
ascents  together,  and  made  highly  important 


discoveries  in  meteorology;  they  discovered 
that  the  cirrus  clouds  that  float  at  great 
altitudes  are  composed  of  ice  crystals,  and 
they  also  found  that  the  direction  of  the 
wind  changes  at  different  heights.  From 
these  and  other  balloon  ascents,  valuable 
information  has  been  gained  as  to  the  alter- 
nation of  cold  strata  and  warm  strata  of  air, 
the  temperature  not  decreasing  regularly  as 
the  altitude  increases.  The  ice  clouds,  which 
were  discovered  by  balloouists,  are  much 
higher  than  any  of  the  mountain  observa- 
tories, and  therefore  cannot  be  directly 
observed  except  by  use  of  a  balloon.  How- 
ever, the  halo  that  occasionally  surrounds 
the  sun  or  moon  reveals  to  us  the  presence 
of  these  ice  crystals;  for  the  halo  is  caused 
by  the  refraction  of  the  light  of  the  sun 
or  of  the  moon  in  passing  through  the  ice 
needles. 

Mr.  Coxwell  was  always  strenuous  and 
persistent  in  maintaining  that  ballooning 
should  not  be  regarded  as  a  mere  exciting 
sport,  but  might  be  made  of  great  practical 
utility,  both  in  meteorological  observations, 
and  as  a  means  of  communication,  especially 
in  time  of  war. 
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One  BATTraiY  for  Two  or  Mors  Tblbphonbs — ^Linb  Signals  and  Ringing  Apparatus 
AT  Exchange  and  at  Subscribers'  Stations 


FiG.l 


THE  central-enei^gy  or  common-battery 
telephone  systems  are  attracting  con- 
siderable attention  at  the  present  time, 
and  it  may  be  interesting  to  know  what 
kind  of  apparatus  is  used  and  how  it  is 
arranged.  A  central-energy  system  is  gener- 
ally understood  to  mean  one  in  which  all 
the  batteries  and  generators,  not  only  those 
for  ringing  up  the  subscriber,  but  also  those 
for  calling  up  the  exchange  operator  and  for 
supplying  current  for  the  sulwcribers'  trans- 
mitters, are  located  at  the  exchange. 

At  the  first  introduction  of  the  telephone, 
the  use  of  the 

induction  coil  in       ^->  * *■ 

connection  with 
a  microphone 
transmitter  was 
unknown.  But 
it  came  into  use 

very  shortly  afterward,  and  for  yean  no 
one  thought  it  practicable  to  use  any  other 
arrangement  than  the  one  in  which  the 
microphone  transmitter,    a    battery,    and 
the  low-resistance  primary  of  an  induction 
coH   constituted   a  local  circuit,    separate 
from   the    line 
and    receiver 
circuit.      The 
comparatively 
high -resistance 
secondary  of  the 
induction  coil, 
thereceiver,  and 
the  line  formed 
a  separate  cir- 
cuit   The  sys- 
tem in  which  a  _  ^  „ 
,    .  Fig.  2 
common    bat- 
tery, two  microphones,  and  two  receivers 
are  connected  in  one  simple  series  circuit 
without    repeating  or  induction   coils    of 
any  kind  is  not  practical,  except  possibly 
for  two  telephone  sets  on  an  exceedingly 
short  and  low-resistance  circuit     Neither 
would   such   an   arrangement  be  efficient, 
because  the  changes  in   resistance  in  the 
transmitter  would  be  a  very  small  quan- 
tity compared  to  the  total  resistance  of  the 
circuit.     Moreover,  it  is  also  desirable  to 
make  one  common  battery  supply  current 


for  all  the  subscribers'  telephones.  Even  if 
located  at  the  centi^  office,  a  separate  battery 
for  each  two  subscribers  that  were  talking 
together  through  the  exchange  would  be 
very  inconvenient  and  troublesome,  to  say 
nothing  of  the  cost  of  so  many  cells. 

For  a  long  time,  telephone  engineers 
seemed  to  think  that  an  induction  coil  could 
not  be  used  in  a  common-battery  system,  or 
at  least  they  did  not  know  how  to  use  it  in 
such  a  system.  Quite  recently,  however,  by 
the  proper  anrangement  and  modification  of 
the  induction  coil,  the  conmion-battery  sys- 
tem has  proved 

* » r-^       quite  successful, 

both  for  large 
and  small  ex- 
change systems, 
butithas  notyet 
been  adapted 
for  out-of-town  or  long-distance  lines. 

The  principles  on  which  one  common- 
battery  system  depends  will  be  explained 
without  giving,  in  the  present  article  at 
least,  the  actual  switching  devices  that  are 
used   at  the  central  telephone  exchange. 

The  common- 
battery   system 
devised  by  H.y. 
Hayes  is  shown 
in  Fig.  1.    The 
common-bat- 
tery systems  of 
the  Bell  com- 
panies are  oper- 
ated  on  this 
method.     In 
this  figure,  two 
subscribers' 
stations  A,  A^  are  shown  connected  together 
through    the    apparatus    at    the    central 
exchange    C,  where  the   common   battery 
B  is  located.      T,  T  represent   the   trans- 
mitters, and    R,  R    the    receivers.     Two 
repeating  coils  /,  J^  are  employed  at  the 
central  exchange.    These  repeathig  coils  are 
merely  induction  coils  having  two  coils  of 
equal  resistance  and  the  same  number  of 
turns.     They  are  wound  upon  a  soft^iron 
wire  core,  so  arranged  as  to  form  a  dosed 
magnetic  circuit,  and  in  practice  the  four 
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ooilfl  are  wound  on  the  same  iron  core.  At 
the  labflcribera'  stations  the  transmitters 
and  reoeivers  are  shown,  connected  simply 
in  series  for  the  sake  of  simplicity,  but,  as  a 
matter  of  &ct,  the  arrangement  is  qnite 
different,  as  will  be  shown  later.    When  the 


When  station  A^  is  transmitting,  the  ooi\aj,j 
act  as  primary  coils,/,/  being  the  secondary 
coils.  This  is  reversed  when  station  A^  is 
transmitting. 

At  an  exchange  a  separate  repeating  coil 
mnst  be  nsed  in  each  pair  of  cord  drcoits, 


two  snbscribers'  stations  are  joined  together 
throogh  the  central-exchange  apparatus,  the 
current  from  the  positive  pole  of  the  common 
battery  B  will  divide  and  pass  through  the 
separate  windings  j  and  /  of  the  repeating 
coil  /  to  the  line  wires  leading  to  sab- 
scribers'  stations  A  and  A^.  The  two  por- 
tions of  the  current  will  then  proceed  through 
the  apparatus  at  the  two  subscribers'  stations, 
and  return  to  the  central  exchange  through 
the  winding  j  and  y  of  the  repeating  coil  J^ 
to  the  negative  pole  of  the  battery  B. 

The  action  of  one  circuit  on  the  other  is 
quite  simple.  The  two  circuits  may  be  con- 
sidered as  entirely  separate,  connected  in- 
ductively only  through  the  windings  of  the 
repeating  coil.  If  the  transmitter  at  station 
A  varies  in  resistance,  the  current  flowing 
from  the  battery  B  through  the  circuit  of 
that  line  will  be  correspondingly  varied. 
These  variations,  passing  through  the  wind- 
ings j,  j  of  the  repeating  coils,  wUl  act  induct- 
ively on  the  windings  /,  /,  which  are  in 
circuit  with  the  station  A\  Any  fluctuations 
in  the  current  in  the  circuit  through  station 
A  will  induce  similar  fluctuating  currents  in 
the  circuit  through  station  A^,  and  yice  versa. 


but  the  same  battery  B  may  be 
employed  to  serve  all  the  subscri- 

^  hers.    Such  an   arrangement   for 

Fio.  8        supplying  current  from  one  battery 

through  two  separate  repeating 

coils  to  two  pairs  of  subscribers'  telephone 

circuits  is  shown  in  Fig.  2. 

Fig.  3  shows  the  connections  at  a  sub- 
scrilMr's  station  and  a  simplified  diagram  of 
a  small  portion  of  the  apparatus  and  circuits 
at  the  exchange.  The  circuits  at  the  central 
exchange  are  intended,  with  the  following 
explanation,  to  show,  in  as  simple  a  manner 
as  possible,  how  the  exchange  operator  can 
call  up  a  subscriber,  and  also  how  a  sub- 
scriber is  enabled  to  call  up  the  operator. 

When  the  receiver  is  on  the  hook,  contacts 
1  and  £  are  open,  and  the  only  path  for  a 
current  is  from  battery  B  through  line  2, 
condenser  d,  magneto  bell  A,  and  back 
through  line  V  to  the  battery.  Current 
from  battery  Bj  which  is  constantiy  con- 
nected to  the  lines  Z,  {^,  cannot,  therefore, 
on  account  of  this  condenser,  flow  through 
the  circuit  just  traced.  The  depression  of 
the  ringing  key  K  by  the  telephone  operator 
at  the  central  exchange  disconnects  tiie  two 
line  wires  Z,  V  from  battery  B,  and  connects 
them  to  the  alternating-current  generator  <?, 
called  the  ringing  generator.  Now,  an  alter- 
nating current  can  flow  through  a  condenser; 
hence,  when  the  key  K  is  depressed,  a  cur- 
rent will  pass  over  line  Z,  through  the  con- 
denser and  the  magneto  bell  A,  back  through 
the  line  V  to  the  generator  O,  and  thus  ring 
the  bell  A, 

Suppose,  now,  that  the  connections  are  in 
their  normal  condition,  and  that  the  sub- 
scriber desires  to  call  up  the  central 
exchange.     All  the  subscriber  has  to  do 
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is  to  remove  his  receiver  from  the  hook 
and  when  the  operator  answers  give  the 
number  of  the  subscriber  desired.  When 
the  subscriber  removes  the  receiver  from  the 
hook  the  contact  points  1  and  £  make  con- 
nection with  the  lever  H,  This  connects 
the  two  line  wires  I,  V  together  through  the 
transmitter  T  and  the  primary  winding  p  of 
the  induction  coil.  This  circuit  has  such  a 
low  resistance  that  it  allows  enough  current 
from  the  battery  B  to  flow  over  the  circuit 
to  operate  a  relay  L,  which  is  connected  in 
series  with  the  battery,  as  shown.  The 
path  of  this  current  may  be  traced  as 
follows:  From  the  positive  pole  of  battery 
B  through  line  /,  transmitter  7,  primary 
coil  p,  line  V,  relay  X,  back  to  the  nega- 
tive pole  of  battery  B,    The  relay,  being 


by  talking  against  it  transforms  this  steady 
current  into  a  fluctuating  current,  which 
affects  the  distant  receiver  in  a  manner  that 
will  be  explained. 

When  the  receiver  is  removed  from  the 
hook  switch,  the  latter  closes  not  only  the  cir- 
cuit containing  the  primary  coil  p  and  the 
transmitter  T,  but  also  connects  the  primary 
and  secondary  coils  together  at  the  contact 
points  /,  S,  Starting  from  the  point «,  Fig.  3, 
there  are  three  circuits  to  the  line  V:  one 
through  the  condenser  d  and  the  bell  A\ 
another  through  the  condenser  d,  receiver  R, 
secondary  «,  and  primary  p\  and  the  third 
through  the  transmitter  T  and  primary 
coil  p.  It  will  also  be  noticed  that  the 
transmitter  T,  secondary  8,  receiver  R,  and 
condenser  d  form  a  circuit  by  themselves. 


energized,  attracts  its  armature  6,  and  thus 
closes  a  local  circuit  containing  the  signal 
lamp  a,  around  the  same  battery  B,  This 
causes  the  signal  lamp  to  light  up  and  so 
calls  the  attention  of  the  operator  to  this 
line. 

The  operator,  on  learning  the  subscriber 
wanted,  connects  the  circuit,  as  shown  in 
Fig.  4,  over  which  the  talking  takes  place. 
The  subscribers'  bells  have  been  omitted 
in  this  figure.  As  previously  explained, 
4)attery  B  supplies  current  for  both  micro- 
Tphones.  The  steady  current  from  the  bat- 
fteiy  at  the  central  station  passes  only 
ithrough  the  transmitter  and  the  primary 
coil  p  at  both  stations.  The  variation  pro- 
duced in  the  resistance  of  the  transmitter 


>:=^ 


The  primary  has  a  resistance  of  15  ohms  and 
the  secondary  30  ohms,  and  these  two  coils 
are  so  wound  and  connected  relatively  to 
each  other  that  a  current  through  the  two 
in  series  will  be  flowing  in  opposite  direc- 
tions in  the  two  windings,  and  therefore  will 
partially  neutralize  each  other's  effect  on 
the  iron  core.  Consequently,  the  induction 
coil  does  not  tend  to  choke  back  an  alter- 
nating current  that  flows  through  both  coils 
in  series,  except  in  so  far  as  the  secondary, 
having  more  turns,  is  still  able,  with  the 
same  current,  to  magnetize  the  iron  core 
somewhat 

With  the  hook  switches  in  position  shown 
in  Fig.  4,  battery  B  supplies  a  steady  cur- 
rent to  both  transmitters.    As  the  resistance 
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of  the  transmitter  T  is  varied  by  talking 
tovard  it,  the  steady  current  is  changed  into 
a  flactaating  corrent  This  fluctuating  cur- 
rent in  p  induces  an  alternating  electromo- 
tiYe  force  in  «,  which  sends  an  alternating 
current  through  «,  R^  d,  T,  lever  H,  and  back 
to  «.  The  fluctuating  current  produced  by 
the  transmitter  also  acts  on  the  repeating 
coils  at  the  central  station,  producing  in  the 
other  line  circuit  fluctuating,  or  voice,  cur- 
rents, as  they  are  frequently  called. 

The  voice  currents  coming  from  the  dis- 
tant subscriber's  station  over  line  V  will 
pass  through  the  primary  p  and  at  the  con- 
tact 1  will  divide,  part  of  it  flowing  around 
through  the  transmitter  Tand  part  through 
the  secondary  «,  receiver  R,  and  condenser 
dy  reuniting  at  e,  and  returning  over  line  I 
to  the  other  station.  The  part  that  flows 
through  the  receiver  circuit  is  opposed  only 
by  the  ohmic  resistance  of  the  secondary 
and  receiver  coils,  because  the  condenser  d 
neutralizes  more  or  less  the  choking  effect 
due  to  the  self-induction  in  the  receiver  and 
induction  coils.    Such  a  part  of  the  current 


through  p  as  may  flow  through  the  transmit^ 
ter  and  not  through  the  receiver  circuit, 
will  induce  an  electromotive  force  in  the 
secondary  coil  «,  which  will  cause  a  current 
to  flow  through  the  circuit,  including  the 
receiver,  condenser,  and  transmitter^  This 
induced  current  is  in  unison  with  that  part 
of  the  current  from  the  main  line  that  flows 
through  the  receiver  circuit.  The  combined 
efiect  of  these  two  currents  (if  they  can  be 
so  called)  is  sufficient  to  properly  affect  the 
receiver  R, 

It  may  be  well  to  add  that  the  bell  A^ 
shown  in  Fig.  3,  is  wound  to  a  resistance 
of  1,000  ohms  with  fine  wire,  and  on  account 
of  its  high  inductance  offers  such  a  high 
apparent  resistance,  or  impedance,  as  it  is 
called,  to  the  very  rapidly  fluctuating  voice 
currents  that  they  cannot  pass  through  it. 

Several  arrangements  of  the  apparatus  at 
a  subscriber's  station  have  been  tried,  but 
the  one  described  above  and  now  used  exten- 
sively by  the  American  Bell  Telephone  Ck>m- 
pany  has  apparently  given  the  best  satis- 
faction. 
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N  JANUARY  22,  Prof.  D.  E.  Hughes 
died  in  England  at  the  age  of  69  years. 
He  was  bom  in  London  in  1831,  and 
when  7  years  old  came  to  this  country 
with  his  parents.  When  quite  young  he 
developed  great  musical  ability,  and'  was 
appointed  Professor  of  Music  in  the  College 
of  Bardstown,  Ky.  He  was  also  an  ardent 
student  of  physics  and  mechanics,  and  at 
the  1^  of  19  was  appointed  to  the  chair  of 
Natural  Philosophy  in  the  same  college  in 
which  he  held  the  professorship  of  music. 

While  at  this  institution,  Professor  Hughes 
developed  his  flrst  important  invention — 
the  world-renowned  type-printing  telegraph, 
which  was  patented  in  this  country  in  1855. 
In  leea  than  two  years  it  was  adopted  by 
several  telegraph  companies  in  America,  and 
shortly  afterward  by  nearly  all  the  European 
governments.  England,  the  last  country  to 
appreciate  the  type  printer,  recognized  its 
merits  in  1863.  For  this  invention  the 
inventor  received  prizes,  medals,  and  mem- 
bership in  nearly  all  the  great  orders  of  the 
European  governments. 

Professor  Hughes  made  many  discoveries 
in  practical  and  theoretical  science,  and  gave 


free  to  the  world  the  principle  on  which  all 
telephone  transmitters  of  the  present  day 
depend.  Although  Berliner,  Edison,  and 
Gray,  a  year  or  so  before  the  publication  of 
his  paper,  had  devised  battery  transmitters, 
it  is  doubtful  whether  they  understood  the 
true  principle  of  the  instruments.  By  his 
contributions  to  electrical  science,  Professor 
Hughes-  won  fame,  medals,  and  honors  from 
many  learned  societies.  His  most  noted 
paper  is  probably  the  one  on  the  experi- 
mental theory  of  magnetiem.  It  is  also 
claimed  that  he  was  the  first  to  discover  the 
essential  principle  of  wireless  telegraphy, 
but  unfortunately  he  did  not  publish  his  dis- 
covery until  last  May.  The  paper,  however, 
furnished  the  best  evidence  in  support  of  his 
claim  to  have  been  the  first  to  transmit 
actual  signals  over  a  considerable  distance  by 
means  of  electrically  generated  ether  waves. 
In  1886,  Professor  Hughes  was  President 
of  the  Institution  of  Electrical  Engineers,  of 
England,  where  he  lived  the  greater  part  of 
his  life.  His  inventions  yielded  him  a  good 
income,  and  hospitals  and  other  charitable 
institutions  were  generously  remembered  in 
his  will. 
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PuBLiN  AND  Ratter  Connbctions — Obtaining  the  Flange  and  Web  Cuts  for  the  Beams. 

Developing  the  Bent  Brackets 


INLAYING  oat  the  shop  drawingB  for 
steel  oonstraction,  there  is  nothhig  so 
troubleaome  as  the  intenections  of  a  hip 
roof,  in  which  it  is  required  that  the  con- 
nectiona  be  neetly  formed.  The  imagination 
of  the  draftsman  is  tried  sorely,  and  if  he 
does  not  resort  to  the  kindergarten  methods 
of  wood  and  paper  models,  his  training  in 
descriptiye  geometry  is  better  than  is  osa- 
ally  the  case.  In  fact,  the  writer  l^ui  seen 
many  instances,  in  diafldng-room  practice, 
where  the  expense  of  making  sach  drawings 
was  no  small  item  in  the  cost  of  the  entire 
work,  and  especially  was  this  so  where  the 
work  was  of  the  light  description  so  common 
in  iron  and  steel  rooft  as  ordinarily  con- 
stmcted.  It  is,  therefore,  for  those  that  have 
had  sach  problems  to  deal  with  that  the 
following  is  presented,  and  it  is  hoped  that 
the  information  given  may  be  of  use  in  all 
■imiiar  problems. 

In  F^.  1  is  shown  a  diagrammatic  view 
of  the  plan  and  slope  of  the  roof,  with  the 


PiG.l 


intersections  at  A  and  Bwith  which  it  is 
proposed  to  deal.  The  parlins  and  rafters 
are  6-inch  I  beams,  weighing  12^  poands 
per  foot,  and  are  to  be  framed  to  the  hip 
member  flash  with  the  top  flange,  by  means 


^r 


lange   of  the      r-^^Hi 
>arlin  at  A,   |  ^^ 

Fig.  1,  is  oat  on   '  »« 


Fig.  2 


of  F^  X  2i^'  bent-plate  brackets,  bolted  with 
f-inch  bolts.  The  relative  sections  and  the 
several  dimensions  of  the  beams  are  shown 
in  Fig.  2. 

One  nnfiuniliar  with  sach  intersections, 
on  first  considering  the  problem,  is  apt  to 
form  erroneoas 
conclasions,and 
might  think 
that,  thoagh  the 
flange 

Fig. 

a  bevel,  the< 

web  will   be  ' 

cat    plumb    or 

sqaare,  and  that 

the  bent-plate 

bracket  will  be 

simply  a  flat  bar  bent  to  the  angle  shown 

on  the  plan.    That  this  is  not  ^e  case  is 

shown  by  a  glance  at  Fig.  4  (a)  and  (fr), 

which   show  the   peculiar  shape  required 

at  the  end  of  the  purlin  in  oi^er  that  it 

may  fit  snugly  against  the   hip  member, 

and   the  angular  form    required    by   the 

development  of  the  bent-plate  bracket  so 

that  the  edge  of  each  l^g  will  run  parallel 

with  the  hip  and  purlin,  respectively. 

It  is  necessary,  tiierefore,  in  obtaining  the 
correct  cutting  angles,  or  bevels,  and  the 
development  of  the  bent-plate  bracket,  to 
lay  out  such  a  diagram  as  is  shown  in  Fig.  3. 
From  this  figure,  which  applies  to  the  purlin 
only,  measurements  can  be  taken  that  will 
give  the  required  angular,  or  bevel,  cut,  a 
similar  layout  as  in  Fig.  5  being  required  for 
the  raft»r.  The  method  of  obtaining  these 
measurements  may  be  described  and  ex- 
plained, in.  conjunction  with  Fig.  3,  as 
follows:  Lay  out  the  plan  of  the  comer  ahe, 
and  draw  the  center  line  hd  of  the  hip,  on 
which  construct,  to  any  scale,  the  web  of  the 
hip  beam,  and  also  the  line  «/,  which  repre- 
sents the  flange  edge  of  the  same  member. 
From  a,  draw  the  line  aib,  which  represents 
the  roof  slope,  and,  normal  to  this  slope, 
draw  the  section  of  the  purlin,  to  the  same 
scale  used  in  marking  off  the  web  and  flange 
lines  of  the  hip;  this  section  is  as  designated 
at  ^  ^  t  j.    Through  these  points  project  lines 
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pandlel  to  the  direction  in  which  the  purlin 
extends,  nntil  they  intersect  the  hip  at 
Imno.  The  lines  gl  and  hm  stop  at  the 
flange  line  of  the  hip,  on  account  of  the  top 
flange  of  the  porlin  framing  flush  with  the 
upper  flange  of  the  hip,  while  the  lines  in 
and  j  o  are  prolonged  to  the  web  of  the  hip, 
that  being  where  the  lower  flange  of  the 
purlin  abuts  this  member.  All  distances 
along  these  lines  are  true  measurements, 
and,  consequently,  by  drawing  the  line  p  q 
through  the  point  r,  and  measuring  from  it 
the  distances  sm  and  ul^  the  bevels,  or  the 
cuts  on  the  web  and  both  flanges,  of  the 
purlin  can  be  obtained.  For  instance,  at 
Fig.  4  (a),  the  bevel  on  the  flange  is  ascer- 
tained by  making  the  distance  t^Z  on  the 


back  from  the  point  b  to  the  intersection  of 
the  web  with  the  bevel  cut  of  the  upper 
flange. 

The  development  of  the  bent-angle  plate, 
or  bracket,  now  requires  attention,  and,  as 
before  mentioned,  it  must  be  so  laid  out  that, 
when  it  is  bolted  in  place,  the  legs  will  be 
parallel  with  the  member  to  which  they  are 
secured.  The  bevel  or  angle  cdky  Fig.  4(6), 
along  which  they  are  bent,  is  the  same  as 
the  bevel  cut  on  the  &ce  of  the  web,  and  can 
be  obtained  from  Fig.  3  in  the  same  manner. 
The  angle  a^ka,  Fig.  4  (6),  to  which  the 
plate  is  cut,  is  the  difierenoe  between  the 
angle  that  Uie  hip  makes  with  the  vertical 
and  the  angle  of  the  roof  slope.  This  angle 
can  be  obtained  frx>m  the  diagram.  Fig.  3,  by 


drawing  equal  to  ti^Z  in  Fig.  3,  which  is  the 
difference  in  length  between  s  m  and  u  I.  In 
like  manner,  the  distance  «m,  or  the  bevel 
cut  of  the  web  at  Fig.  4  (a),  is  obtained 
from  Fig.  3  by  measuring  the  distance  am 
on  this  diagram.  The  distance  2;m  on  the 
true  plan  of  the  working  drawing,  Fig.  4  (a), 
is  equal  to  the  distance  similarly  marked  in 
Fig.  3,  which  is  obtained  by  passing  through 
the  point  o  the  line  xy  and  measuring  the 
distance  zm.  The  distance  a  in  Fig.  4  (a) 
can  be  made  equal  to  the  flange  thickness  of 
the  hip  where  it  joins  the  web,  which  in 
this  instance  is  i  inch.    The  web  is  then  cut 


revolving  the  hip  line  into  the  same  plane  as 
the  roof  slope  and  measuring  the  angle  A^ka 
in  this  flgure.  The  plate  is  bent  to  the  same 
angle  as  the  bevel  cut  of  the  flange,  which 
can  readily  be  seen  from  Fig.  4  (a). 
'  Working  from  Fig.  3  in  this  manner,  all 
the  cuts,  as  well  as  the  development  of  the 
bent^plate  bracket  for  the  purlin,  can  be 
obtained,  and  the  working,  or  shop,  drawing 
made,  as  shown  at  Fig.  4  (a)  and  (6).  Any 
measurements  that  may  be  required  to  prop- 
erly designate  the  twist  or  bends  of  the 
bent-plate  bracket,  when  bolted  in  position, 
can  readily  be  obtained  by  projecting  from 
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the  cornera  of  the  bent  plate,  aa  shown  in 
section  in  Fig.  3,  lines  intersecting  the  web 
of  the  hip;  v  in  fact,  employing  the  same 
metiiod  as  in  finding  the  web  and  flange  cuts. 
The  cats  and  the  development  of  the  bent- 
plate  bracket  for  the  rafter  B,  Fig.  1,  are 
obtained  somewhat  differently,  as  reference 
to  Fig.  5  shows.  From  this  diagram,  the 
cats  for  the  flange  and  web,  and  the  angles 
for  the  development  of  the  bracket,  may  be 
obtained  as  follows:  Draw  the  oatline  a  6  c, 
which  represents  the  comer  of  the  building, 
and  on  the  center  line  of  the  hip  6  d,  mark 
off  the  width  of  the  web  and  flange  on  the 
side  next  to  the  rafter.  Designate  the  rafter 
as  at  /^,  and  project  ihon  the  slope  of  the 


the  required  angle  from  which  the  cat  fig 
on  the  web,  Fig.  4  (e),  is  laid  out. 

The  distance  bx^  on  the  plan.  Fig.  4  («), 
that  the  lower  flange  extends  beyond  the 
upper,  is  also  obtained  from  Fig.  5  in  this 
manner:  Project  the  vertical  upward  from 
X  until  it  cuts  the  line  representing  the  slope 
of  the  rafter  at  y\  then  the  distance  y  I  must 
be  laid  off  on  the  center  line  of  the  upper 
flange,  as  at  i/Z,  Fig.  4  («),  and  the  section 
drawn.  The  distance  s  x  may  then  be  deter- 
mined by  projecting  the  points  in  the  web 
view  to  tiie  flange,  or  plan,  view,  and  scaling. 

The  distance  Zn,  Fig.  4  (e),  that  it  is 
necessary  to  cut  away  the  web  in  order 
that  it  may  flt  under   the   flange  of  the 


hip  6  f,  as  at  jk\  the  length  of  jA;  will  then 
be  the  length  of  the  flange  cut  of  the  rafter. 
By  laying  this  distance  jh  across  the  flange 
of  the  rafter,  as  at  /  hf,  the  angle  for  the 
flange  cat.  can  be  obtained,  and  marked  on 
the  working  drawing  of  the  rafter,  as  at  jA;2;, 
Fig.  4(0. 

The  web  cut  of  the  rafter  is  a  plumb-cut; 
that  is,  when  the  rafter  is  in  place  the  web 
is  cot  perpendicular  to  the  horissontal,  and, 
consequently,  the  angle  that  the  cut  makes 
with  the  flange  is  the  angle  flg^  Fig.  5. 
This  angle  is  obtained  by  drawing  from  the 
heel  of  the  rafter  the  line//,  which  repre- 
sents the  true  elope  of  the  rafter;  the  angle 
this  line  makes  with  the  vertical  line  2  ^  is 


hip,  must  next  be  ascertained.  This  can 
readily  be  accomplished  by  projecting  o  and 
g  on  the  line  6  e,  which  represents  the  slope 
of  the  hip,  considering  6(2  as  the  horizontal, 
as  at  p  and  q.  Draw  the  line  ps  parallel 
with  h  d,  and  measure  the  distance  qv  on 
the  line  pr  /,  as  at  Iw,  and  the  line  t  u,  which 
is  drawn  through  the  points  y  and  w,  will 
be  the  slope  across  the  flange  of  the  hip  in 
the  same  plane  as  the  web  of  the  rafter 
member.  Then,  by  adding  to  this  distance 
I  w  the  thickness  of  the  flange  of  the  hip, 
which  is  I  inch,  the  distance  In  on  the 
working  drawing  can  be  marked  off.  From 
the  point  n  just  obtained,  the  web  is  cut 
back,  as  was  done  with  the  purlin. 
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The  angle  fig  around  which  the  plate 
bracket,  Fig.  4  (d),  is  bent,  can  be  obtained 
from  the  angle  fig.  Fig.  5,  being  the  same 
angle  aa  that  to  which  the  web  of  the  rafter 
ifl  cut.  The  angle  mlf^,  Fig.  4((2),  which 
one  leg  of  the  bracket  bears  to  the  other  in 
the  development,  is  obtained  from  Fig.  5; 
it  is  the  difference  between  the  angle  made 
by  the  slope  of  the  hip  and  the  rafter  with 
the  horizontal,  and  is  the  angle  mlf. 

This  completes  the  details  of  the  rafter 


except  the  foot-cut,  which  is  the  angle  I  mf, 
Fig.  6.  This  cut  is  across  the  web,  and  the 
flflUQge  cut  is  a  straight  or  square  cut.  Hay- 
ing obtained  all  the  necessary  angles  tar 
cutting  and  bending,  the  other  dimensions 
can  readUy  be  determined  by  scaling  the 
diagrams  as  laid  out  in  Figs.  3  and  5;  or,  in 
the  case  of  principal  dimensions,  they  can  be 
figured,  trigonometrically  if  so  desired,  and 
the  working  drawing  completed  somewhat 
as  designated  in  Fig.  4. 
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Meaning  of  the  Phrase — Effects  of  Angulabity — Effbctb  ok  the  Quidbs — ^Effbcto  on 
THE  Cut-Off — ^The  Valve  Diagram 


THE  angularity  of  the  connecting-rod  is 
an  expression  that  we  frequently  see 
in  engineering  textbooks,  magazines, 
and  papers,  and  yet,  strange  to  say,  we 
seldom  find  any  explanation  of  what  the 
expression  means,  what  is  aflTected  by  more 
or  less  angularity,  and  how,  and  to  what 
extent. 

It  is  very  likely  that,  in  many  instances, 
the  authors  of  the  literature  above  referred 
to  assumed  that  their  readers  knew  enough 
of  the  subject  to  understand  it,  or  else  they 
did  not  consider  it  of  sufficient  importance 
to  give  it  more  than  passing  notice.  Of 
course,  there  are  many  that  do  understand 
all  about  the  subject;  there  are  others  that 
partially  understand,  and  have  a  vague  and 
douded  idea  of  what  the  term  means,  and 
what  is  to  be  considered  in  connection  with 
it;  and  then,  again,  there  are  many  that  do 
not  know  anything  at  all  about  it.  Perhaps 
it  may  appear  at  first  sight  to  be  an  uninter- 
esting subject,  and  many  readers  may  be 
tempted  to  pass  this  article  by  without 
forther  notice  than  reading  the  title.  Let 
us  see  whether  it  is  worth  while  to  give  the 
subject  any  attention.  It  is  to  be  hoped  that 
the  reader  will  be  fully  compensated  for  the 
time  he  spends  in  reading  what  is  said  about 
the  angularity  of  the  connecting-rod. 

We  will  try  to  treat  the  subject  from  a 
practical  standpoint,  and  in  a  practical 
manner,  calling  to  our  aid  a  diagram  that 
shows  everything  pertaining  to  the  subject 
of  this  article.  It  may  be  Airther  stated 
that  this  diagram  is  peculiar  to  the  slide 
valve  only,  not  being  applicable  to  an  auto- 
matic cut-off  engine  of  the  Corliss  type,  so 


fiar  as  the  point  of  cut-off  is  concerned.  It 
is  the  purpose  of  this  article  to  employ  only 
such  parts  of  the  diagram  as  concern  our 
subject. 

We  will  first  take  up  the  meaning  of  the 
phrase  "angularity  of  the  connecting-rod." 
This  simply  refers  to  the  fiict  that  the  con- 
necting-rod makes  an  acute  axigle  with  the 
center  line  of  the  cylinder,  an  angle  that 
varies  with  the  stroke— that  is,  according  to 
the  relative  positions  of  the  crank.  For 
instance,  in  Fig.  I  (a)  and  (6)  is  shown  the 
angularity  of  the  rod  when  the  piston  is  at 
half  stroke.  The  illustration  fuilher  shows 
that  the  angularity  depends  on  the  length  of 
the  connecting-rod  in  relation  to  the  stroke, 
which,  in  turn,  is  governed  by  the  distance 
between  the  center  of  the  stroke  and  the 
center  of  the  shaft. 

In  Fig.  1  (a),  the  length  of  the  rod  is  2} 
times  the  stroke;  when  the  croeshead  is 
exactly  in  mid-position  in  the  guides,  or,  as 
we  say,  at  half  stroke,  the  length  of  the  rod 
from  center  to  center  will  be  equal  to  the 
distance  between  the  center  of  the  stroke 
and  the  center  of  the  shaft.  Now,  with  a 
pair  of  compasses,  and  taking  the  distance 
just  mentioned  as  a  radius,  describe  an  arc 
cutting  the  circumference  of  the  circle  repre- 
senting the  path  of  travel  of  the  crankpin, 
using  the  center  of  the  stroke  as  a  center 
from  which  to  describe  the  arc  It  will  be 
noticed  that  the  arc  described  with  the 
radius  given  cuts  the  crankpin  circle  at 
points  some  little  distance  from  the  vertical 
centeac  line.  This  distance  is  governed  by 
the  angularity  of  the  connecting-rod.  Again, 
referring  to  Fig.  1  (6),  it  will  be  seen  that 
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the  length  of  the  rod  is  given  as  1}  times 
the  stroke,  and  by  repeating  the  operation 
shpwn  in  Fig.  1  (a),  we  find  that  the  dis- 
tance from  the  vertical  center  line  (at  which 
the  arc  described  with  the  connecting-rod  as 
a  radios  intersects  the  crankpin  circle)  is 
greater  than  before.  This  is  because  the  rod 
in  the  second  case  is  shorter— the  distance 
between  the  center  of  the 
stnAe  and  the  oent^  of  the 
shaft  being  less  than  that 
of  Fig.  1  (a).  Transferring 
the  connecting-rod  of  Fig. 
1  (&)  to  Fig.  1  (a),  it  is 
apparent  that  the  shorter 
the  connecting-rod,  the 
greater  the  angle  between 
the  connecting-rod  and  the 
horizontal  center  line. 
From  Fig.  1  (a),  we  see 
that  the  shorter  the  rod, 
the  greater  the  angalarity; 
conversely,  the  longer  the 
rod,  the  less  the  angularity. 

If  it  were  possible  to  con- 
ceive of  an  engine  havijig  a 
connecting-rod  that  would 
always  move  in  a  parallel 
plane  at  all  parts  of  the 
stroke  of  the  piston,  and  at  all  positions  of 
the  crank— th*t  is,  if  the  connecting-rod 
would,  while  turning    the  crank,  renudn 
pandlel  to  the  horizontal  cent^  line— then 
the  effects  produced   by  angularity  would 
cease  to  exist 

The  first  effect  o^  angularity  that  we  will 
speak  of  is  the  ptessure  produced  on  the 
guides  in  which  the  crosshead  runs.  It 
may  be  stated  thus:  the  shorter  the  connect- 
ing-rod, the  greater  will  be  the  pressure  on 
the  guide.  The  maximum  pressure  on  the 
guide  bears  the  same  proportion  to  that  on 
the  piston  as  the  leiigth  of  the  crank  bears 
to  that  of  the  connecting-rod.  As  an  illus- 
tration, let  us  take  the  following: 

It  is  required  to  find  the  greatest  thrust 
on  the  guide  when  the  total  pressure  of  the 
piston  at  half  stroke  is,  we  will  say,  16,000 
pounds.  The  radius  of  Uie  crank  is  12  inches, 
and  the  length  of  the  connecting-rod  is  twice 
the  stroke,  or  48  inches;  then  the  maximum 

^,         ^     .     16,000X12  o^KA  A  u-    u 

thrust  18  — ^— To  "   -  =  3,750  pounds,  which 

is  the  Mai  pressure  on  the  guide,  not  the 
pressure  per  square  inch.  Now,  it  will 
readily  be  seen  that  if  the  rod  were  shorter, 
the  divisor  in  the  above  formula  would  be 
less,  and,  consequently,  the  lesser  number 
would  be  contained  in  the  dividend  a  greater 


number  of  times,  and  the  quotient  would, 
therefore,  be  greater  than  before.  Perhaps 
to  some  readers  the  above  will  be  easier  to 
understand  if  stated  as  follows: 

As  the  length  of  the  connecting-rod  is  to 
the  length  (or  radius)  of  the  crank,  so  is  the 
total  pressure  in  pounds  on  the  piston  to  the 
total  pressure  in  pounds  on  the  guide  when 

Dt stance  of  Cntnk' ptn 
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the  piston  is  at  half  stroke.    Expressed  in 
figures,  it  is  as  follows: 

48  :  12  : :  16,000  :  3,750. 

The  second  effect  of  angularity  of  the  rod 
is  that  the  piston  must  travel  beyond  its 
mid-position  in  order  that  the  crank  may 
reach  its  mid-position;  or,  in  other  words,  the 
piston  will  have  traveled  £Eurther  than  half 
stroke  when  the  center  line  of  the  crank  is 
at  right  angles  to  the  horizontal  center  of  the 
engine  in  tiie  case  of  a  horizontal  engine,  or 
to  the  vertical  center  line  in  the  case  of  a 
vertical  engina 

The  thurd  and  last  effect  that  we  shall  deal 
with  in  this  article  is  probably  the  most 
important,  and  may  be  stated  thus:  In  an 
ordinary  simple  slide-valve  engine,  with 
equal  leads  and  laps  at  both  ends  of  the  valve, 
the  points  of  cut-off  will  not  be  the  same  for 
both  strokes.  Therefore,  if  it  is  desired  to 
have  the  steam  cut  off  when  the  piston  has 
traveled  a  certain  distance  from  each  end  of 
the  cylinder,  it  will  be  necessary  to  increase 
the  lap  at  the  head-end  (sometimes  called 
the  hack  end)f  or,  in  the  case  of  a  vertical 
engine,  the  top  end;  and,  likewise,  if  it  is 
desired  to  have  an  equal  amount  of  compres- 
sion at  both  ends  of  the  stroke,  the  exhaust 
lap  will  have  to  be  increased  at  the  crank 
or  bottom  end.    The  altering  of  the  amount 
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of  lead  at  both  ends  will  also  tend  to  equalize 
the  cut-off.  A  careful  study  of  the  diagram, 
Fig.  2,  will  show  how  theee  changes  may  be 
wrought,  and  just  how  the  angularity  of  the 
rod  affects  the  movement  of  the  valve.  If  it 
were  not  for  angularity,  equal  leads  and 
laps  would  produce  equal  points  of  cut-off  in 
the  stroke  at  both  ends  of  the  cylinder. 

Let  us  look  into  the  construction  of  the 
diagram,  Fig.  2,  and  the  points  of  interest 
it  contains.  The  construction  of  the  figure 
IB  as  follows:  Draw  a  center  line  A  B,  and 
at  some  distance  from  the  end  B  draw  the 
line  CD  intersecting  A  B,  and  at  right  angles 
to  it.  From  the  point  of  intersection  0  as  a 
center,  and  with  a  radius  equal  to  one-half 
the  travel  of  the  valve,  describe  the  circle 
EFGH;  from  the  same  center  0,  describe 
the  smaller  circle  //,  whose  radius  is  equal 
to  the  proposed  lap  of  the  valve;  at  the 


is  represented  in  its  respective  positions 
by  the  lines  E  0  and  G  0,  The  travel  of 
the  valve,  the  amount  of  lead,  and  the 
amount  of  lap  given  determine  the  position 
of  the  tangent  lines  above  refevred  to 
(EIF  and  HJG)\  and  the  points  of  their 
intersection  in  the  circle  EFGH,  at  the 
points  G  and  E,  in  turn  determine  the 
position  of  the  crank  when  the  steam  is 
cut  off  in  the  cylinder. 

If  the  connecting-rod  did  not  make  an 
angle  with  the  horizontal  center  line,  or,  in 
other  words,  if  we  leave  the  angularity  out 
of  account,  tiien  the  points  of  cut-off  in  the 
stroke  will  be  found  by  drawing  the  lines 
G  Q  and  J?  P  parallel  to  the  vertical  center 
line  C  2>,  showing  an  equal  cut-off  at  both 
ends  of  the  cylinder;  in  our  diagram  this 
takes  place  so  close  to  the  figure  17  at  one 
end  and  7  at  the  other  that  we  would  say 


Fig.  2 


.CfmHhptH  mf  emf  atf. 


xieNct^/Motantr 


points  B  and  JJ,  on  the  center  line  A  B  where 
the  circle  EFGH  intersects  it,  describe  cir- 
cles whose  radii  equal  the  proposed  leads, 
which  we  will  say  is  \  inch  at  each  end. 
Now,  draw  a  line  HG  tangent  to  the  lead 
and  lap  circles;  likewise,  draw,  on  the  other 
side  of  the  figure,  the  line  E  F  tangent  to 
the  lap  and  lead  circles  on  that  side. 

Let  the  circle  EFGH  also  represent  the 
path  of  travel  of  the  crankpin  (to  a  reduced 
scale),  and  divide  the  diameter  on  H  B  into 
as  many  parts  as  there  are  inches  in  the 
stroke — ^in  this  case  24.  The  diameter  of 
EFGH  now  represents  the  stroke  of  the 
engine,  and  the  radius  equals  the  length  of 
the  crank. 

At  the  points  ^and  G  in  the  circle  EFG  H, 
where  the  lines  tangent  to  the  lead  and  lap 
circles  intersect  it,  will  be  the  positions  of  the 
crankpin  at  cut-off,  respectively;  the  crank 


that  cut-off  takes  place  after  the  piston  has 
traveled  17  inches  of  its  stroke. 

But,  to  be  correct,  we  must  take  the  angu- 
larity of  the  rod  into  account,  and  this  is  the 
way  we  proceed.  The  length  of  the  rod  is 
taken,  in  this  case,  as  twice  the  stroke,  48 
inches.  As  the  diameter  of  the  circle  EFG  H 
equals  the  length  of  stroke,  to  scale,  twice 
the  diameter  will  be  the  length  of  the  con- 
necting-rod, also  to  scale.  Now  take  a  pair 
of  compasses  set  to  the  length  of  the  rod,  and 
from  the  center  G  (position  of  crank  at  cut- 
off on  the  forward  stroke),  strike  an  arc 
intersecting  the  center  line  AB  Bit  M;  also 
from  the  center  E  (position  of  crank  at  cut- 
off on  the  return  stroke),  strike  an  arc  inter- 
secting the  line  AB  at  N;  now  reverse  the 
operation  by  using  the  points  M  and  N  as 
centers— etill  using  the  length  of  the  rod  for 
a  radius — and  strike  arcs  intersecting  the 
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line  repreeenUiig  the  stroke  at  the  points  U 
and  T  respectively.  These  points  represent 
the  actual  points  of  cat-off  when  the  angn- 
larity  of  the  rod  is  taken  into  accoant. 

In  order  to  have  an  eqoal  cut-off  at  both 
ends,  and  also  equal  leads,  it  can  be  seen 
from  the  diagram  that  we  would  have  to 
increage  the  lap  at  the  head-end,  or  decrease 
that  at  the  crank-end.  Decreasing  the  lead 
at  the  crank-end  wiU  also,  to  a  small  extent, 
tend  to  equalize  the  cut-off 

If  it  is  desired  to  show  the  effect  of  angu- 
larity on  the  opening  and  closing  of  the 
valve  to  the  exhaust,  small  circles  may  be 
described  from  the  common  center  0,  with  a 
radius  equal  to  the  amount  of  exhaust  lap. 
By  going  through  the  same  procedure  as 


before  explained,  all  in  connection  with 
this  part  will  be  revealed.  It  may  be 
stated  thus:  In  order  to  have  equal  points 
of  cut-off  at  both  ends  of  the  cylinder, 
it  will  be  necessary  to  have  more  lap  on 
the  head-end  of  the  slide  valve  than  on 
the  crank-end;  and  to  have  the  valve 
open  and  close  to  the  exhaust  at  equal 
points  of  the  stroke  at  both  ends,  it  will 
be  necessary  to  increase  the  exhaust  lap  at 
the  crank-end.  The  amount  of  increase 
in  each  case  can  be  determined  by  the 
diagram  in  question. 

A  carefhl  study  of  this  diagram  should 
remove  all  the  perplexity  occasioned  by 
questions  concerning  the  slide  valve  and 
the  angularity  of  the  connecting-rod. 
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COMPRESSED  air  may  be  made  to  lift 
water  through  the  medium  of  a  valve- 
less  pump,  and  the  mode  of  action  may 
be  understood  by  bringing  to  our  assistance 
the  figure  that  accompanies  this  description. 
The  first  i)eculiarity  about  it  is  that  the 
elevation  of  the  orifice  of  delivery 
above  bearsa  certain  proportion 
to  the  depth  of  the  ori  fice  of  intake 
below  the  water  level,  or  other- 
wise the  pump  does  not  act  effi- 
ciently.   The  proportion  of  eleva-  ■* 
tion  for  delivery  is  found  to  be  as    K^ 
2  when  the  depth  of  the  orifice  of 
intake  is  3,  or  the  pump  is  most 
effective  in  its  action  when  the 
proportion  of  elevation  above  the 
water  level  is  }  of  the  entire  length 
of  the  pipe.    The  mode  of  action 
is  something  like  this:  From  the 
orifice  of  intake  to  the  orifice  of 
delivery  the  combination  column 
of  air  and  water  weighs  less  than 
the  head  of  water  measured  from 
the  orifice  of  intake  to  the  water 
level,  or  a  column  of  water  whose 
length  is  3  must  weigh  rather  more  than  the 
combination  column  of  air  and  water  whose 
length  is  5. 

Most  likely  for  a  rapid  discharge,  the  pro- 
portion will  be  as  2.5  to  5;  that  is  to  say,  a 
combination  colmnn  of  air  and  water  whose 
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length  is  5  will  be  equal  in  weight  to  a  column 
of  water  whose  length  is  2},  thus  providing  a 
motive  column  of  .5  to  overcome  friction  and 
produce  motion.  To  make  the  combination 
column,  compressed  air  is  blown  into  the 
column  within  the  pipe,  near  its  lower  end, 
and  at  a  pressure  little  greater 
than  that  due  to  the  water  head. 
This  air  displaces  a  portion  of  the 
water  within  the  colunm,  and 
breaks  it  up  into  cylinders  that 
consist  alternately  of  air  and 
water;  the  result  is  that  the  com- 
bination column  of  aii:  and  water 
that  extends  from  the  orifice  of 
intake  to  the  orifice  of  delivery  is 
lighter  than  the  column  of  water 
that  extends  from  the  orifice  of 
intake  to  the  water  level.  The 
air  cylinders  are  at  first  very  short, 
but  as  the  colunm  moves  upward 
and  the  pressure  of  the  overhead 
column  reduces,  they  lengthen 
by  expansion  until  at  the  moment 
of  discharge  they  are  much  longer 
than  the  water  cylinders.  Hence, 
this  accounts  very  much  for  the  reduced 
weight  of  the  column.  This  pump  is  very 
useful  where  a  sufficient  length  of  immersed 
column  can  be  obtained.  By  reference  to 
the  figure,  the  water  pipe  is  seen  at  W  and 
the  compressed-air  pipe  at  A. 
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The  Walls — Columns — ^Floor  Girders— Flooring  and  Ck)RNicB  Construction  op  a  Factory 
Building  op  Moderate  Cost  and  Good  Construction 


A  FACTORY  building,  while  it   offers  a 
small  field  for  aT<Sutectiiral  treatment 
from  an  artistic  standpoint,  requires 
careftil    consideration    and    adaptation   of 
much  experience  to  attain  the  best  results 
along  the  lines  of  utility  and  stability. 
The  requirements  of  the  manufacturer 


supports  of  the  building  are  eliminated. 
Also,  in  order  that  the  manufacturer  can 
obtain  the  lowest  rates  of  insurance  upon  his 
machinery  and  materials,  the  construction 
must  be  either  of  the  so-called  slow-burning 
type,  or  better  stiU,  that  known  as  fireproof. 
It  may  be  that  both  of  these  features  are  to 
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Fig.  1 


are  many.  He  must  have  plenty  of  free 
floor  space,  the  floor  must  be  stiff,  and  its 
▼ibration  under  moving  machinery  slight. 
The  window  openings  must  be  adequate, 
and  so  placed  as  to  completely  light  the 
interior,  and  they  must  be  so  arranged  that 
heavy  shadows  from  the  columns  or  interior 


be  combined  in  the  one  building,  because  of 
the  manufacturer  requiring  in  his  processes 
the  use  of  furnaces  or  forges,  or  the  handling 
of  some  very  combustible  material. 

Such  conditions  had  to  be  frdfllled  in  the 
design  of  the  building  shown  in  the  accom- 
panying sketch,  Fig.  1.    This  building  was 
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to  be  three  stoiiee  in  height,  with  brick 
wallfl  and  concrete  foundation.  It  was  a 
much-debated  question  whether  the  main 
girders  of  the  building  should  be  I  beams, 


amount  of  headroom  that  they  occupied. 
They  were  also  objected  to  because  there  was 
to  be  erected  in  the  building  much  shafting, 
both  line  and  counter,  and  it  was  imperative 
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trussed  wooden  girders,  or  flitch-plate  girders,  that  the  girders  should  offer  A  flat  surface 

It  was  thought  inadvisable  to  use  the  I  for  the  proper  securing  of  the  hangers.    All 

beams  except  in  the  fireproof  section,  and  things  being  taken  into  account,  it  was  con- 

the  objection  to  the  trussed  girders  was  the  eluded  to  use  the  flitch-plate  girder  shown 
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at  Fig.  2  (d).  One  of  the  cogent  reasons 
for  using  these  girders  was  the  £Eu;t  that  on 
the  16-foot  span,  necessitated  by  the  plan  of 
the  building,  the  flitch  plate  in  the  girder 
could  be  omitted,  and  a  solid  wooden  girder, 
of  the  same  dimensions  as  the  compound 
girder,  substituted. 

The  columns  were  designed  to  carry  a  floor 
load  of  200  pounds  jMT  square  foot  upon  all 
floors;  this  included  the  dead  and  live  loads. 
The  columns  supporting  the  roof  were  made 
unnecessarily  lai^  for  strength,  so  as '  to  ' 
meet  the  requirements  of  slow-burning  con- 
struction. The  flitch-plate  girders  were 
connected  to  the  cast-iron  cap  resting  on 
the  lower  column  and  supporting  the  upper 
one,  the  cap  being  somewhat  after  the 
pattern  of  the  Goetz-Mitcbell  construction. 
It  will  also  be  noticed  that  holes  were  left  in 
the  castings  at  a,  a  to  allow  ventilation  and 
drainage  for  any  sap  that  might  remain  in 
the  timber.  The  girders  were  secured  to  the 
web  of  this  casting  by  two  }-inch  bolts  run- 
ning through  the  timber  but  not  through 
the  flitch  plate,  which  was  stopped  off 
6  inches  from  the  center,  so  as  not  to  inter- 
fere with  the  web.  These  bolts,  with  the 
check-pieces  6,  6,  and  wall  boxes  of  the 
Goetz-Mitchell  type,  at  the  other  end  of 
the  girders,  made  lateral  motion  in  the 
building  impossible. 

The  particular  purpose  for  which  this 
building  was  designed  required  that  machin- 
ery could  be  located  at  any  point  upon  the 
floor,  and  as  the  machinery  was  rapidly 
moving,  and  likely  to  produce  considerable 
vibration,  it  was  decided  to  introduce  a 
rough  floor  made  of  2^'  X  6^^  hemlock, 
24  feet  long,  spiked  together  on  edge  so  as  to 
break  joints  and  span  two  bays.  Such  a 
system  of  rough  flooring  produced  a  solid 
slab  of  wood,  6  inches  thick,  continuous 
throughout  the  floor.  The  flnished  flooring 
was  laid  diagonally  upon  the  top  of  this, 
with  deadening  felt  between  as  a  protection 
against  the  percolation  of  water  from  the 
floors  above  in  case  of  fire  or  leakage,  besides 
acting  as  a  deadener.  The  diagonal  flooring 
greatly  stiffened  the  building,  and  facili- 
tated the  wheeling  of  heavy  trucks  over  it 
without  causing  material  wear  and  tear. 
The  cost  of  the  heavy  rough  flooring,  when 
compared  with  the  3'^  X  12''^  joists  placed  at 
12-inch  centers,  was  about  twice  as  much; 
that  in,  the  joists  cost,  approximately,  9  cents 
per  square  foot  of  floor  surface,  while  the 
2'^  X  6'^  pieces,  side  by  side,  cost  18  cents, 
the  prices  including  labor.  The  owner,  how- 
ever, was  fully  satisfied  to  pay  the  increased 


cost  when  he  realized  the  immense  advantage 
accruing  from  the  solid  floor  construction. 

The  flreproof  section  of  the  building  was 
cut  off  from  the  main  portion  by  a  12-inch 
curtain  wall.  The  construction  adopted  in 
this  section  consisted  of  cast-iron  columns, 
steel  beams  with  4 -inch  brick  arches,  pro- 
vided with  cinder-concrete  fllling  and 
cement-finished  floor.  The  details  of  the 
columns  were  carefully  studied,  with  the 
result  that  at  first  it  was  deemed  advisable 
to  use  the  coluom  shown  at  Fig.  2  (a). 
However,  a  change  was  decided  in  the  base 
of  these  columns,  with  the  conclusion  that 
it  would  be  better  to  construct  them  as  at 
(6).  The  reason  for  this  change  is  obvious. 
The  webs  of  the  base,  as  at  (a),  would  project 
above  the  cement  floor,  aad  would  appear 
unsightly  and  always  in  the  way;  while  if 
separate  bases  were  used,  as  at  (6),  the 
cement  floor  could  be  carried  above  the 
bolt  flange  and  the  ribs  of  the  bases  would 
be  entirely  out  of  sight,  buried  in  the  con- 
crete. There  is  an  advantage  to  be  gained 
in  fiEicility  of  erection  by  using  the  separate 
base.  This  advantage  is  that  the  bases  can 
all  be  placed  upon  their  piers  or  foundations 
and  alined,  being  held  in  place  with  several 
light  anchor  bolts;  the  columns  can  then  be 
speedily  and  accurately  erected  upon  them. 

The  thickness  of  walls  given  in  the  draw- 
ing, Fig.  1,  is  ample,  provided  4^^X30^' 
external  pilasters  are  built  at  each  bay. 
By  running  sill  and  string  courses  between 
these  pilasters  at  the  proper  heights,  the 
verticality  of  the  building  is  destroyed,  and 
character  is  given  to  its  facade,  which  a 
factory  may  as  well  possess  as  a  buUding  of 
more  pretensions. 

There  is  nothing  so  important  about  any 
building  as  the  roof;  in  £eu^  the  main 
reason  for  the  existence  of  the  building 
is  to  provide  a  shelter,  and  hence  any 
building  is  merely  a  support  for  the  roof. 
And,  as  the  flrst  requisite  of  a  good  roof 
is  tightness,  which  can  only  be  obtained 
by  providing  proper  drainage  for  it,  much 
attention  should  be  paid  to  the  gutter  and 
its  construction.  The  gutter  should  be 
wide,  so  that  snow  can  be  shoveled  from  it. 
It  must  have  the  proper  pitch,  which  should 
be  from  1  to  li  inches  in  10  feet.  It  should 
be  made  sloping  on  one  side,  so  that,  if  ice 
forms,  it  readily  frees  itself  and  does  not 
choke  the  channel.  Overflows  should  be 
provided,  for,  if  the  leaders  choke,  the  roof 
will  become  a  reservoir,  which,  ten  chances 
to  one,  will  have  its  outlet  down  the  inside 
of  the  walls,  much  to  the  detriment  and 
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pecaniary  loss  of  the  occapants  and  the 
owner.  This  overflow  must  at  all  times  be 
dear  of  obstraction,  and  heooe,  in  order  to 
prevent  birds  from  bnilding  therein,  it  is  well 
to  screen  them  inside  and  outside,  or  provide 
other  means  of  protection  from  such  unde- 
sirable tenants.  The  leaders  from  such  a  gut- 
ter should  be  carried  down  the  inside  of  the 
building,  and  for  this  building  two  6-inch 
cast-iron  leaders,  one  on  each  side,  were 
found  ample. 


There  are  many  other  things  about  this 
factory  building  that  might  be  mentioned, 
but  the  drawings  are  so  clear  that  a  fhrther 
explanation  seems  unnecessary.  Although 
there  are  many  methods  of  construction 
adapted  to  a  building  of  this  character,  these 
few  details  and  features  of  construction  are 
given  because  the  building  erected  according 
to  this  method  fills  the  requirements  of  one 
owner,  at  least,  as  he  expressed  it,  ''to  per- 
fection.'' 


CONTROL  OF  INCANDESCENT  LAMPS  FROM 
TW^O  OR  MORE  POINTS 


0 


N£  of  the  features  that  has  contributed 
largely  to  the  success  of  the  incandes- 
cent light  is  the  ease  with  which  it 
may  be  turned  off  and  on,  either  at  the  lamp 
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itself  or  from  some  distant  point.  There  are 
two  or  three  special  switching  arrangements 
that  are  particularly  useful,  and,  while  they 
are  not  by  any  means  new,  they  may  be  of 
interest  to  our  readers,  judging  from  the 
inquiries  we  fr^uently  receive  concerning 
them. 

It  is  often  very  convenient  to  control  a 
light  or  number  of  lights  from  two  different 
points,  i.  e.,  to  have  the  wiring  so  managed 
that  the  lights  may  be  turned  off  and  on 
from  either  station,  regardless  of  the  position 
of  the  switch  at  the  other  station.  In  order 
to  do  this  it  is  necessary  to  have  two  three- 
point  switches  connected  as  shown  in  Fig.  1. 
No  attempt  is  made  to  show  the  actual 
construction  of  the  switches,  as  every  manu- 
facturer has  his  own  style  of  switch.  In 
appearance  they  are  much  the  same  as  an 
ordinary  snap  switch,  the  internal  arrange- 


ment being  slightly  different.  Usually,  there 
are  four  contact  pieces,  but  two  of  these  are 
connected,  thus  making  in  reality  a  three- 
point  switch.  With  the  aid  of  the  diagram, 
the  connections  can  readily  be 
traced  out  for  any  particular 
make  of  switch  that  one  may 
be  called  on  to  install.  By 
tracing  out  the  connections  it 
will  be  seen  that  the  light  may 
be  controlled  from  either  sta- 
tion, regardless  of  the  position 
of  the  switch  at  the  other  sta- 
tion. It  will  also  be  noticed 
that  on  and  off  positions  of 
either  switch  will  depend  on 
the  position  the  other  switch 
happens  to  be  in  at  the  time. 

Fig.  3  shows  a  somewhat  simi- 

■  '■^"'  lar  arrangement  of  switches  for 

controlling  a  light  from  three 
different  stations.  In  this  case  it  is  necessary 
to  use  two  three-point  switches  A  and  C, 
with  one  four- point  switch  B.  In  one  posi- 
tion of  the  four-point  switch,  points  1  and  f , 
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Fig. 


and  3  and  4  are  connected  together  as  shown 
by  the  full  lines.  In  the  other  position,  the 
former  connections  are  broken  and  points 
1  and  S,  and  f  and  4  are  connected  together 
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9m  shown  by  the  dotted  lines.  By  tracing 
oat  the  connections  it  wiU  be  seen  that  the 
light  may  be  tamed  on  and  off  from  any 
one  of  the  stations,  regardless  of  the  positions 
of  the  switches  at  the  other  two  stations. 

Both  the  preceding  arrangements  are  ased 
most  widely  in  hallways  where  it  is  desirable 
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to  have  the  hall  lights  so  arranged  that  they 
can  be  tamed  off  and  on  from  any  floor.  The 
plan  shown  in  Fig.  3  may  be  extended  to  any 
namber  of  stations  by  adding  another  foar- 
point  switch  for  each  intermediate  station. 

Another  switching  device  that  has  recently 
been  brought  oat  is  the  three-way  lamp 
socket  This  is  a  key  socket  arranged  with 
contacts  so  as  to  practically  take  the  place  of 
a  three-point  switch,  and,  by  asing  a  socket 
of  this  kind  in  connection  with  a  three-point 
wall  switch,  the  light  may  be  tamed  on  and 
off  either  at  the  socket  or  at  the  wall  switch. 
With  lamps  wired  up  in  the  ordinary  way, 
with  a  side  switch  and  ordinary  key  socket, 
one  often  finds  that,  on  entering  a  dark 
room  and  attempting  to  tarn  on  the  light  at 
the  switch,  some  one  has  left  the  lamp 
tamed  off  at  the  socket.  He  is  then  obliged 
to  grope  his  way  in  the  dark  over  to  the 


center  of  the  room,  and  in  so  doing  probably 
comes  up  against  more  chairs  and  tables 
than  he  can  ever  remember  of  seeing  there 
in  daylight.  When  he  reaches  the  lamp  he 
will  very  likely  find  that  in  his  varioos 
twistings  of  the  wall  switch  he  has  left 
the  carrent  off,  and  has  to  go  back  again  to 
torn  it  on.  This  may  seem  a 
rather  exaggerated  case,  but  it 
frequently  happens,  neverthe- 
less. With  such  an  arrange- 
ment it  is  mach  better  to  have 
the  center  lights  equipped  with 
keyless  sockets.  Fig.  2  shows 
how  the  three-point  wall  switch 
and  three-point  socket  may  be 
connected  up.  Fig.  4  shows 
another  method.  The  most 
convenient  method  to  use  in  any 
given  case  will  depend  on  the 
arrangement  of  the  house 
wiring.  By  using  the  three- 
ftoint  socket,  one  three-point 
switch  is  dispensed  with,  and 
the  wiring  is  considerably  simplified.  In 
both  Figs.  2  and  4  the  positions  of  the 
switches  are  such  that  the  lamp  is  out    If 


51^ 


SOCKJBT  KEY 

90CKBT  SnriTCM 


^ 


Fig.  4 


either  the  socket  switch  ov  the  wall  switch 
is  thrown  to  the  dotted  position,  the  lamp 
will  light  up. 


TO  IMPROVE  FURNACE  EFFICIENCY 


IF  THE  tin  hot-air  pipes  of  a  furnace  are 
not  covered  with  insulating  material, 
and  do  not  heat  the  rooms  properly,  the 
efficiency  may  be  considerably  improved  by 
covering  the  pipes  with  asbestos  paper.  This 
will  prevent  loss  of  heat  by  radiation  through 
the  pipes.  The  asbestos  may  be  put  on  neatly 
and  strongly  by  first  soaking  it  in  water,  and 
then  winding  it  spirally  around  the  pipes, 
allowing  each  layer  to  lap  about  two  inches 


over  the  other.  Use  a  brush  to  smooth  it 
down  so  that  no  air  spaces  will  remain  be- 
tween the  asbestos  and  the  pipe.  A.  good 
fire  should  be  kept  burning  in  the  ftimaoe 
when  the  pipes  are  being  covered,  as  the 
moisture  will  thus  be  evaporated  i^m  the 
asbestos  before  it  has  had  time  to  corrode 
the  pipes.  When  the  covering  is  put  on  in 
this  way  it  will  shrink  and  stick  to  the  pipe 
as  though  pasted  on. 
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IfARKINQ   STRUCTURAL   8TBBL    FOR 
BRBCTION 


Ema  Kurtx,  tRhoaukee,  WU. 

Do  DXSioNBBS  of  BtractoralHBteel  bnildiDgs 
follow  any  particular  flystem  of  marking  the 
different  memberB,  bo  that  daring  erection  it 
can    readily   be 
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seen  which  girder 
or  column  the 
member  connects 
or  in  which  hori- 
zontal plane  it 
belongs?  I  wish 
some  one  would 
say  something  on 
this  subject  in  a  subsequent  issue  of  your 
magazine. 

It  is  my  business  to  make  out  lists  of  field 
riyets  and  bolts  for  structural  work.  The 
details  do  not  state  the  connections  of  the 
different  members,  and  the  erection  plan 
often  contains  all  the  members  in  three  or 
four  different  horizontal  plans,  making  it 
yery  difSlcult  to  ascertain  whether  a  member 
belongs  at  the  top,  bottom,  or  middle  of  a 
column,  or  whether  it  connects  to  another 
horizontal  member.  I  sometimes  find  it 
necessary  to  hunt  up  the  details  for  six  or 
seyen  members  before  I  can  find  the  one  I 
want. 

It  seems  to  me  that  much  time  and  trouble 
could  be  sayed  by  some  method  of  marking 
that  would  indicate  the 

position  of  the  member,        

and  its  eleyation  aboye    I    ' 

the  ground.  For  instance, 
in  the  accompanying 
sketch,  A,  B,  C,  and  2> 
are  columns,  all  yertical 
members  being  design- 
nated  by  a  capital  letter. 
The  location  of  the  col- 
umns in  a  horizontal 

plane  can  be  indicated  by  

affixing  to  the  capital 
letter  a  numeral  that  will  show  to  what  tier 
the  column  belongs.  Thus,  A 1  would  indi- 
cate the  basement  column  at  the  location  of 
A  on  the  plan,  and  A  9  would  indicate  the 
column  directly  aboye  A 1,  The  horizontal 
members  connecting  two  columqs  could  be 
reasonably  marked  with  the  same  letters  as 


the  columns  connected,  but  using  the  small 
letters  instead  of  the  capitals.  Thus,  the 
member  connecting  the  basement  columns 
A  and  2>  would  hb  marked  adl^  a  being 
nearest  to  the  end  that  connects  to  column  A, 
and  d  being  nearest  to  the  end  joining 
column  2>. 

This  method  is  only  a  suggestion,  and  the 
experience  of  others  along  the  same  line 
would  be  of  great  interest  to  me. 

CUTTING  A  LAROB  INDBX  PLATB 

J.  C,  J.,  Omada 

We  had  a  large  index  plate  to  be  cut, 
about  5}  feet  in  diameter,  with  192  teeth. 
Of  course,  our  milling  machine  was  too  small 
for  such  large  work,  so  we  laid  it  off  on  the 
upright  drill.  First,  we  took  the  table  ofi 
the  drill  press,  and  built  it  up  with  planks 
some  feet  away,  as  shown  in  sketch.    We 


next  took  our  milling-machine  head  and 
placed  it  on  the  table;  and  on  the  head 
placed  the  index  plate  on  an  arbor,  and 
tightened  the  nut  firmly,  so  that  there  would 
be  no  backlash  or  slip  while  indexing  it 
around.  Next,  we  drilled  as  many  holes  as 
there  were  teeth  to  go  in  the  plate,  with  a 
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drill  large  enough  to  give  as  the  right  radius 
of  the  bottom,  or  base,  of  the  tooth.  The 
192  holes  being  drilled,  we  took  the  plate 
out  of  the  drill  press  and  cut  the  teeth  with 
a  cold  chisel  and  file;  this  made  a  very 
neat  job. 

A  SIMPLE  SCHBIf  S  FOR  BBNDINO  IRON 
CONDUITS 

a  E.  Nicholas,  Columbus,  Ohio 

In  fireproof  buildmgs,  iron  and  steel  con- 
duits must  be  used  throughout  for  the  electric 
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wiring,  and  these  conduits  have  to  be  bent  to 
suit  their  location.  The  arrangement  shown 
below  has  been  found  simple  and  convenient 
for  making  these  bends.  In  work  of  this 
kind  it  is  always  advisable  to  avoid  joints 
and  elbows  wherever  possible,  as  the  fewer 
of  these,  the  easier 
it  is  to  draw  in  the 
wire.  In  order  to 
make  a  bending 
form,  it  is  first 
necessary  to  deter- 
mine the  thickness 
of  the  arch  at  the  outlet,  together  with  the 
thickness  of  the  plaster,  and  from  these 
deduct  the  thickness  of  the  outlet  box  as 
shown  in  Fig.  1.  This  will  leave  7  inches  for 
the  radius  of  the  curve. 

Next  select  a  good  piece  of  2inch  plank, 
about  18  inches  long  and  10  inches  wide. 
Lay  out  the  curve  on  one  end  and  slope  back 
the  other  as  shown  in  Fig.  2;  a  slot  may  be 
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Fig.  3 


cut  in  the  piece  as  shown,  to  serve  as  a  hand- 
hole  for  carrying  the  form  about  the  build- 
ing. A  groove  should  be  cut  in  the  curved 
edge,  to  prevent  the  pipe  from  slipping  ofiT 
sideways.  Procure  another  piece  of  plank, 
4  feet  long  by  12  inches  wide,  aod  cut  a  slot 
in  it  as  shown  in  Fig.  3.  Fit  the  piece  shown 
in  Fig.  2  into  it,  leaving  a  hole  in  the  base  for 


the  pipe  to  pass  through,  and  make  sure  that 
it  is  not  more  than  7  inches  from  the  bottom 
of  the  form  to  the  top  of  the  curve.    Alter 


Fig.  4 


this  piece  has  been  fitted  it  may  be  securely 
&8tened  from  the  bottom  by  means  of  lag- 
screws,  as  shown  in  Fig.  4.  Two  f-inch 
pieces  should  be  fastened  across  the  bottom, 
as  shown,  to  keep  the  plank  from  warping, 
also  to  allow  an  additional  length  of  pipe 
to  make  up  for  shrinkage  in  bending,  as 
well  as  space  for  the  locknuts  used  to  hold 
the  outlet  box  in  place. 

This  form  was  first  used  for  bending  insu- 
lated conduits,  such  as  the  interior  and  the 
armorite.  With  such  conduits,  a  cable  the 
size  of  the  opening  in  the  pipe  should  be 
inserted  to  make  the  inside  tube  hold 
its  shape.  Each  end  of  the  cable,  which 
should  be  about  12  feet  long,  is  first  reduced 
in  size  by  cutting  away  the  inside  layers, 


Fig.  5 
closing  the  outer  ones 

^^     down  over  them,  and 

wrapping  with  another 
Fio.  6  wire  or  slipping  a  short 

tube  over  them,  and 
soldering  as  in  Fig.  5.  It  is  not  necessary  to 
use  this  cable  when  bending  plain  uninsu- 
lated conduits.  By  using  this  method,  wires 
have  been  run  around  four  bends,  as  shown 
in  Fig.  6,  without  any  trouble. 

A  NOVBL  BLUBPRINT  PRAMB 

E.  Percy  Lea,  Mexico  City,  Mexico 

In  tpie  columns  of  a  recent  issue  of  your 
magazine  I  noticed  an  article  describing  a 
blueprint  frame,  which,  though  easily  made, 
is  not  as  simple  as  the  one  in  use  here.  The 
frame  I  wish  to  describe  consists  of  a  large 
sheet  of  pasteboard  about  \  inch  in  thick- 
ness. On  this  is  secured,  by  the  ends  only, 
the  tracing  to  be  copied.  When  ready  for 
printing,  the  frame  is  bent  concave,  thus 
loosening  the  tracing  and  allowing  room  to 
slide  the  sensitized  paper  under  the  tracing. 
The  frame  is  then  bent  convex,  and  the  tra- 
cing thereby  drawn  tight  all  over,  and,  being 
held  by  notched  sticks,  is  ready  for  expo- 
sure. In  using  this  frame,  it  is  well  to  turn 
it  around  two  or  three  times  while  printing, 


Digitized  by 


Qoogv^ 


USEFUL  IDEAS 


177 


to  get  an  even  distribution  of  sunlight  on 
the  bent  surface.  This  frame  is  worked 
sacceasfhlly  with  prints  as  large  as  3  feet  by 
4  feet,  and  gives  dear  lines  in  the  smallest 
details.  The  cost  of  one  of  these  frames  is, 
approximately,  50  cents.  They  can  be 
bought  anywhere,  and  are  ready  for  use 
without  preparation  or  delay. 

GOOD  PASTB  FOR  CLIPPINGS 


•  a  8.  W.,  Long  Island  Otty,  N.  Y. 

I  BSAD  with  much  interest  the  article  by 
''Spacer,''  entitled  ''Scrapbooks,''  in  Scisncr 
AND  Industry,  November,  1899,  and  have 
a  suggestion  to 
make  along  the 
same  lines.  In 
pasting  clippings,  I 
have  used  very  suc- 
cessfully an  adhe- 
sive material  con- 
sisting of  ordinary 
laundry  starch,  pre- 
pared as  follows: 
Moisten  with  cold 
water  one  tablespoonful  of  starch  until  it 
fiedlfl,  then  stir  it  into  a  good-sized  cup  of 
boiling  water  untU  it  is  thoroughly  mixed; 
when  cool,  the  mixture  is  ready  for  use,  and 
may  be  applied 
with  a  sponge. 
The  advantage 
•  of  this  prepara- 
tion is  that  it 
is  colorless,  and 
the    chance    of 

soiling  the  sheet  of  clippings  is  avoided;  the 
cost  of  the  mixture  is  inconsiderable. 

I  might  further  add  that,  while  on  a 
recent  visit  to  New  York,  I  stepped  into 
a  detective's  office,  where,  as  you  undoubt- 
edly know,  newspaper  clippings  constitute 
a  large  part  of  the  stock  in  trade.  I  found 
that  the  boy  that  attends  to  visitors  was 
engaged  in  a  "  pasting  bee."  He  was  using 
ordinary  mucilage, 
which  he  spread 
on  a  glass  slab 
with  a  brush; 
taking  the  clip- 
ping, he  pressed 
half  of  it  on  the 
glutinous  surface 
and,  adroitly  doubling  and  raising  the  back 
of  the  clipping,  he  succeeded  in  transferring 
it  f^m  the  slab  to  the  scrapbook.  The 
operation  can  best  be  understood  by  referring 
to  the  accompanying  sketches.  This  struck 
me  as  a  good  idea  and  of  value  to  those  that 


have  a  great  deal  of  such  work  to  do,  for  by 
this  method  the  mucilage  is  thinly  and 
evenly  spread,  and  the  work  is  done  both 
rapidly  and  well. 

MAKING  WORIf-PATTBRNS 
BalHmort 

As  A  usBFUL  idea  I  offer  the  following 
description  of  my  method  of  making  worm- 
patterns  with  very  little  trouble  and  about 
half  the  usual  cost.  I  first  turn  up  a  blank 
equal  in  diameter  to  the  outside  diameter  of 
the  worm,  the  blank  being  parted  in  the 
middle,  of  course.  Next,  on  a  piece  of  paper 
of  a  length  equal  to  the  circumference  of  the 
blank,  I  lay  off  the  pitch  and  width  of  the 
top  of  the  worm-thiead,  as  shown  in  (a). 
This   piece   of  paper   I   glue  around   the 


blank,  which  is  then  split  in  two,  and  I  pro- 
ceed as  follows:  I  lay  out  the  shape  of  the 
thread  on  one  half  only,  and  cut  out  one 
space  [see  s  {b)'\\  then  I  cut  two  grooves 
around  the  whole  pattern,  along  the  lines  on 
the  paper,  about  \  inch  deep,  as  shpwn  at 
^,  in  (6).  Next,  I  make  a  guide  G,  shown 
at  (c),  consisting  of  a  box  with  a  back  h  and 
a  square  hole  h  in  the  bottom,  to  lay  the 
pattern  in.    I nto  the  back  6  I  drive  four  nails 


Digitized  by 


v^oogie 


178 


USEFUL  IDEAS 


n  and  file  their  heads  flat;  these  nails  are 
spaced  so  they  will  fit  the  grooves  ^,  ^  in  the 
blank  and  serve  as  gaidee;  so  that,  if  the 
blank  is  placed  in  the  box  and  tamed,  it  will 
be  screwed  past  the  opening  h  in  the  box. 
The  whole  arrangement  is  now  ready  to  be 
placed  on  the  saw  table,  with  the  saw  at  the 
same  angle  as  the  lead  of  the  thread.  The 
saw  is  next  raised  to  project  about  \  inch  into 
the  space  %  eat  out  of  one  half  of  the  pattern 
[see  ((2)],  the  box  being  clamped  to  the 
table,  and  the  saw  started.  When  the  worm- 
pattern  is  turned  in  its  guide,  the  saw  will 
cot  a  groove  i  inch  deep  around  it  on  one 
side  of  the  thread;  by  reversing  the  worm 
and  taming  back,  the  other  side  will  be 
grooved.  Next,  the  box  is  moved  a  little,  so 
that  the  saw  will  come  nearer  the  center  of 
the  space,  and  the  saw  raised  another  i  inch. 
The  operation  of  grooving  is  then  repeated 
until  the  depth  of  the  thread  is  reached.  By 
careftil  handling,  one  can  saw  within  ^  inch 
of  the  thread.  After  the  latter  is  gouged 
oat  in  this  manner,  and  has  a  sectional 
appearance  like  that  shown  at  (e),  it  is 
smoothed  down  with  a  chisel  and  fluished. 


VBNBBR  CUTTING 

EdUm 


A  GORRBBPONDBNT  writcs  in  for  a  method 
of  computing  the  length  of  veneer  that  can 
be  cut  from  a  17-inch  log  with  a  7i-inch  core 


Fig.  1 


Fio.  2 


of  unsound  wood,  the  veneer  being  ^  inch 
thick. 

As  veneers  are  cut  from  the  log  by  means 
of  a  knife,  and  cause  no  waste  in  sawdust  or 
shavings,  the  problem  resolves  itself  into 
flnding  the  length  of  a  spiral  with  its  coils 
^  inch  apart  A  convenient  formula  for 
this  purpose,  where  n  equals  the  number  of 
turns  of  the  spiral,  is  as  follows: 

Length  :=  nn(     ^     \ 

In  the  case  under  consideration,  D  equids 
17  inches,  and  (f,  7\  inches.  The  thickness 
of  wood  available  on  each  side  of  the  log 
equals  4}  inches,  and,  with  the  veneer  ^ 
inch  thick,  will  allow  20  X  4}  =  95  tums; 
n,  therefore,  equals  96. 


Substituting  values  in  the  above  formal*, 
length  = 

3.1416  X  95  (-^^  — )  =  3,656.01    inches; 

3,656.01  inches  equals  304.67  feet,  the  length 
of  the  veneer  that  can  be  cut  firom  the  log. 

HOW  TO  CLBAN  TRACINGS 
C.  T.,  OMo 

Tracings  that  have  been  sulq'ected  to  con- 
siderable use  become  greasy  and  full  of 
spots.  It  is,  of  course,  desirable  to  keep 
them  neat,  but  in  shops,  especially,  this  is 
almost  impossible,  unless  they  are  cleaned 
now  and  then.  It  has  often  surprised  me  to 
find  tracings  in  drafting  rooms  so  full  of  dirt 
that  it  has  been  impossible  to  tell  some  of 
the  measurements  and  lines  on  them.  They 
certainly  do  not  print  well  in  such  a  condi- 
tion. To  clean  them,  try  this  method,  and 
you  will  be  surprised  to  find  how  quick  and 
well  it  can  be  done: 

Place  your  tracing  on  a  blotting  paper 
right  side  up.  Then  rub  it  briskly  with 
a  clean  rag  dipped  in  gasoline,  or,  still  better, 
benidne.  Pencil  marks,  grease,  and  dirt 
will  soon  change  place,  the  blotter  taking  up 
a  great  deal,  and  the  rag  the  rest.  When, 
as  is  often  the  case,  an  order  is  in  a  hurry,  a 
draftsman  has  to  make  a  sketch  or  drawing 
on  tracing  cloth  without  first  making  an 
original  drawing  on  paper,  it  is  thus  very, 
handy  to  be  able  to  quickly  take  out  pencil 
marks  and  spots,  after  having  inked  in, 
using,  of  course,  waterproof  ink. 

A  CRITICISIf  ON  BBNDING  PIPB  FOR  STAIR 
RAILING 

J.  G„  Brooklyn,  N.  1. 

I  NOTE  with  interest  the  article  on  bending 
iroi^  pipe  for  stair  railing,  in  the  Chips  and 
Spalls  columns  of  the  December  issue.  I 
cannot,  however,  agree  with  Mr.  Brown  as 
to  the  efficiency  of  the  method  he  suggests. 
I  am  connected  with  a  large  architectural 
iron  works  in  this  city,  and  two  of  oar  best 
foremen  confirm  my  opinion  that  it  is  not  as 
good  as  some  other  devices  known  to  as. 

In  the  first  place,  I  understand  that  the 
pins  are  arranged  around  the  outside  of  the 
curved  iron  bar.  As  curcular  stairs  vary  in 
diameter  and  pitch,  the  bar  or  tool  would 
only  approximately  correspond  to  the  curve 
of  any  stair,  and  even  if  the  pipe  were  bent 
and  pinned  tightly  to  the  bar,  it  would  cer- 
tainly spring  iMck  again  to  some  degree  when 
released.  But  suppose  that  the  tool  were 
perfectly  satisfactory  for  one  size  of  stair; 
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it  would  only  enable  the  operator  to  get 
somewhere  near  the  carve  of  any  other  size 
of  stair,  and  I  think  that  the  difficulty  of 
adjusting  it  to  the  exact  conditions,  after 
having  got  it  u  near  as  possible  by  the  aid 
of  the .  tool,  would  require  about  as  much 
work  as  bending  the  pipe  from  its  original 
straight  condition.  Possibly  your  corre- 
spondent is  able  to  explain  exactly  how  he 
would  proceed  if  the  diameter  of  the  'stair 
were  smaller  than  the  curve  of  the  bar. 

I  send  a  sketch  and  description  of  what  we 
consider  the  beet  and  simplest  method  when 
rollers  and  steam  power  are  not  available. 
Make  a  templet  about  3  feet  long  of  any  light 
iron,  adjusting  it  to  the  proper  shape  by  try- 
ing it  against  the  outside  edge  of  the  stair, 
which  we  assume  is  already  made.  The  only 
tool  necessary  is  a  stout  block  of  wood  with 
a  slot  cut  in  one  side.  The  block  can  be  sunk 
in  the  floor  or  bolted  in  any  way  that  will 
make  it  sufficiently  firm.  The  accompanying 
figure  shows  clearly  the  idea.  The  slot  is 
about  2  feet  from  the  ground,  and  the  pipe  is 
put  in  the  slot,  bent  gradually,  advanced  a 
few  inches  at  a  time,  and  is  also  given  a 
slight  turn  or  twist    One  man  can  do  the 


bending,  while  another  holds  the  templet 
against  the  pipe  in  order  to  see  that  the 
right  bend  and  turn  is  given  it. 

In  doing  the  bending  the  free  end  of  the 
pipe  is  raised,  though,  if  it  is  considered  pref- 
erable, the  slot  may  be  frt)m  6  to  7  feet  above 
the  floor,  and,  in  that  case,  the  pull  on  the 
pipe  would  be  downward.  The  essential 
points  are  that  the  pipe  shall  always  be  bent 


and  turned  to  follow  the  shape  of  the  tem- 
plet. If  considerable  pipe  is  to  be  bent,  the 
jaws  of  the  slot  should  be  lined  with  iron, 
to  make  them  wear  longer;  if  the  size  of  the 
pipes  varies,  it  is  not  a  difficult  matter  to 
make  the  slot  wide  or  narrow  by  means  of  a 
screw  or  any  similar  device. 
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THB  STANTON  HBATBR 


The  Stanton  Heater  Company,  Martin's 
Ferry,  Ohio,  are  now  installed  in  their  new 
&ctory.  They  are  making  the  Stanton 
heater,  which  is  a  warm-air  furnace  of  merit 
and  of  an  entirely  novel  pattern.  It  is 
especially  desirable  in  places  where  the 
basement  is  low,  as  it  is  only  69  inches  high 
from  the  floor  to  the  uppermost  point  in  the 
heater.  The  heater  is  also  arranged  as  a 
combined  hot-water  and  hot-air  heater, 
when  desired.  A  descriptive  catalogue,  fuUy 
illustrated,  will  be  mailed  free  to  any  one 
writing  for  it  to  the  address  above  given. 

THB  STANDARD  TOOL  COMPANY 

The  1900  edition  of  the  catalogue  of  the 
Standard  Tool  Company,  Cleveland,  Ohio, 
is  at  hand.  The  catalogue  contains  a  frill 
list  of  all  the  various  productions  of  this 
company,  as  straight  and  taper-shank  twist 
drills,  millimeter  sizes  of  twist  drills,  com- 
bined drills  and  countersinks,  bit-stock 
drills,  twist  drills  for  woodworkers,  spoon 
bits,  screwdriver  bits,  oil-tube  drills,  taper 
sockets,  twist-drill  gauges,  mandrels,  reamers 
of  various  kinds,  all  kinds  of  taps,  drill 


chucks,  end  miUs,  milling  cutters,  etc. 
catalogue  is  standard  size,  6  in.  X  9  in. 


The 


MBTAL  CBILINGS 


Wb  abb  in  receipt  of  the  booklet  of  the 
Berger  Manufacturing  Company,  of  Canton, 
Ohio,  showing  some  of  their  classified  designs 
of  metal  ceilings.  These  designs  embrace 
such  styles  as  Greek,  Roman,  Romanesque, 
Gk)thic,  Moorish,  Italian  and  Gennan  Renais- 
sance, Rococo,  Empire,  and  Colonial.  Among 
the  ceilings  iUustrated  are  some  particularly 
suitable  for  churches,,  synagogues,  hospitals,* 
libraries,  schools,  and  dwellings,  and  others 
for  hotels,  auditoriums,  etc.  The  Berger 
Company  will  be  pleased  to  render  assistance 
to  any  one  wishing  to  select  a  ceiling  suitable 
for  any  purpose. 

UNIVBRSITY  OP  TBNNBS8EB  RBCORD 

We  have  received  a  copy  of  the  current 
nuihber  of  the  ''University  of  Tennessee 
Record,"  published  by  the  University  of 
Tennessee,  Knoxville,  Tenn.,  containing 
several  articles  of  interest  on  a  variety 
of  topics.  The  leading  article  is  by 
J.  R.  McColl,  and   gives  a   description   of 
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the  electric  transmiflsion  of  power  as  applied 
to  the  shope  of  the  Umversity  of  Tennefisee. 
Other  artidee  contained  in  the  number  are 
''An  Electric  Recording  River  Gauge," 
by  W.  M.  Fulton;  ''Commercial  Analyais 
of  Soape/'  by  J.  O.  La^ach;  bemdee  a 
number  of  shcnrter  articles. 


OFFICE  DBSK8 


Wa  HAva  received  the  latest  catalogue 
of  the  Philadelphia  Desk  Company,  manu- 
fJEUsturers  of  office  desks.  This  catalogue 
contains  illustrations  of  some  new  designs, 
among  which  we  notice  several  roll-top  type- 
writer desks  that  the  manufacturers  claim 
are  superior  to  anything  of  the  kind  heret6- 
fore  placed  on  the  market.  They  are  so 
arranged  that  two  persons  can  use  one  at 
the  same  time,  one  operating  the  typewriter 
and  the  other  using  the  writing  surface; 
while  at  the  same  time  this  arrangement 
gives  the  conveniences  of  two  desks  in  one 
to  a  person  having  use  for  a  roll-top  desk 
and  a  typewriter.  If  you  are  in  want  of  an« 
o4}ce  desk  of  any  kind,  address  the 
Philadelphia  Desk  Company,  box  4453, 
Philadelphia,  Pa.,  and  they  will  be  pleased 
to  send  fhll  descriptions  and  quote  prices. 


CARD  CATALOQUB 

Mb.  Gbobos  S.  Cohbtoce,  Mechanicsbuig, 
Pa.,  has  sent  us  a  number  of  cards,  regular 
library-card  size  and  properly  perforated,  for 
our  card  index.  Each  card  contains  a  spe- 
cialty he  is  building,  or  prepared  to  furnish, 
among  which  we  note  sawmills,  ore-  and 
coal-washing  machinery,  blacksmiths'  tools, 
wine  presses,  feed-cutters,  fodder  crushers, 
etc.  While  the  idea  of  printing  a  short 
synopsis  of  goods  in  library-card  form  is  not 
a  new  one,  it  is  an  idea  we  would  like  to  see 
more  generally  adopted,  as  a  properly  kept- 
up  card  index  of  manufactured  and  other 
products  is  one  of  the  most  convenient  and 
time-saving  devices. 

THB  ''JOHNSTON  "  OA8  BNQINB 


Many  amateurs  and  practical  machinists 
build  small  engines,  either  to  gratify  their 
interest  in  mechanics,  or,  by  the  exercise  of 
their  skill,  to  provide  themselves  with  a 
motor  at  a  small  expense.  The  practical 
experience  so  obtained  has  doubtless  done 
much  to  develop  the  engineers  and  mechan- 
ics who  have  been  the  means  of  placing  this 
country  in  the  van  of  the  world's  designers 
and  builders  of  machinery. 


Recent  developments  in  gas  engines  have 
aroused  in  amateurs  an  interest  in  this 
branch  of  engine  building,*  and  created  a 
demand  for  designs  and  castings  for  small 
motors  of  this  type.  To  meet  this  demand, 
Mr.  George  H.  Johnston,  of  Sparrows  Point, 
Md.,  has  designed  the  "Johnston"  gas 
engine,  for  which  he  is  prepared  to  furnish 
complete  working  drawings,  together  with  a 
description  that  will  enable  any  one  having 
the  requisite  skill  in  the  use  of  tools  to  pro- 
vide himself  with  a  well-designed  engine. 
The  set  comprises  complete  working  <kaw- 
ings  of  every  detail  of  a  3^'  X  3''  gas  or 
gasoline  engine  of  the  two-cycle  type,  inclu- 
ding a  carbureter  for  supplying  the  gasoline 
vapor,  and  modifications  for  the  application 
of  the  engine  to  either  stationary  or  marine 
work.  In  addition  to  the  drawings  for  the 
3^^  X  3^^  engine  Mr.  Johnston  is  prepared  to 
furnish  drawings  for  engines  rated  at  2},  4, 
and  6  horsepower,  also  of  vaporisers,  carbu- 
reters, and  reversible  projiellers.  He  is  also 
preparing  to  furnish  castings  for  the  engine 
to  those  that  do  not  care  to  make  them. 
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How  TO  Run  Engines  and  Boilers. 
Egbert  P.  Watson.  Published  by  Sj 
Chamberlain,  New  York.    Price,  |1.' 

This  is  the  fourth  edition  of  this  well- 
known  book,  revised  and  enlarged  by  the 
author.  Its  value  .has  been  enhanced  by 
adding  a  chapter  on  water-tube  boilers,  in 
which  the  principal  types  are  treated  of. 

FoBMULAs  AND  TABLES.  By  J.  H.  Kincalv , 
professor  of  mechanical  engineerlnjg;,  Wssh- 
mgton  University,  St.  Louis,  Mo.  Price,  $1.00. 

This  is  an  exceedingly  neat,  compact,  and 
apparently  well-compiled  and  edited  50-page 
haiidbook  for  heating  engineers,  architects, 
contractors,  and  others  interested  in  heating 
and  ventilation  for  buildings.  It  is  a  trans- 
lation of  German  formulas  and  tables  that 
were  published  in  serial  form  in  "  The  Metal 
Worker,"  especially  prepared  for  those  that 
plan  or  erect  heating  apparatus.  The  proper 
use  of  the  various  formulas  and  tables  con- 
tained in  this  little  book  will  enable  any  one 
to  determine  the  heat  lost  through  any  of  the 
various  kinds  of  walls  that  may  enter  into 
the  construction  of  a  building.  The  formu- 
las appear  quite  simple  and  easy  to  apply. 
English  units  are  used  instead  of  German. 
The  translation  directs  our  attention  to  the 
vast  amount  of  good  work  that  has  been 
done  in  recent  years  by  German  engineers 
in  heating  and  ventilation. 
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NOTX.— ilddreu  aO,  leUer$  cotUaMng  quetUotu  to  be 
antwered  in  thU  departsnmt  to  BasNCB  and  Indtotbt, 
SoranCon,  P^ 

1.  Pvi  thU  addreu  both  on  the  envdope  and  at  the 
head  qf  the  letter. 

f  .  Only  que$Hon$  qf  general  intereat  to  our  reader$ 
via  be  anawered. 

5.  No  quetlUont  vriU  be  antwered  by  maC. 

4.  I>raM(nif9  or  aketeheeaeeompanvingquestlona  should 
be  made  on  a  teparate  theet  qf  paper,  and  should  be 
drawn  ae  deariy  aa  poeeSble. 

6.  The  namea  and  addreaaea  qf  the.  wrUera  moat 
aeeompany  the  lettera,  or  no  attention  wOl  be  paid  to 
eten.  Onleaa  otherwiae  requea^  ute  will  pubUah  only 
the  iniUaU  and  addreaa  qf  the  wrUer. 

6.  Rtfertnce  to  inquMea  previoualy  anawered  ahould 
give  date  qf  iaaue  and  number  qf  queaUon. 

7.  Qyatbma  cannot  be  anawered  in  the  iaaue  qf  the 
month  imanedjateiy/oaowtng  their  receipL 

5.  Any  book  not  out  qf  print  and  for  aale  by  regular 
deaiera  may  be  ordered  through  the  magaxine. 

9.  We  will  not  undertake  to  calculate  windinga  qf 
dynaanoa  and  motora,  as  tMa  inoolvea  conaiderable  work 
and  U  addom  justified, 

Edxtob'b  Notb.— F.  H.  p.,  Pittafleld,  Man.,  calleour 
attenttoa  to  a  numerical  error  in  connection  with 
queetlon  116  of  the  March  iunie.  The  error  was 
canaed  by  not  aqnarlng  the  negative  quantity  under 
the  radical,  and  the  remit  should  have  been  84.2 
■q.  ft  tnitead  of  aa  printed.  Our  oorretpondent 
Inqnirea  if  the  Ibnnula  is  general,  and  aaka  us  to 
ai^y  it  to  a  triangle  whose  sides  are  8,  26,  and  25. 
letting  a,  5,  and  e  be  20. 25,  and  8,  respeetiyely,  in  one 
caae,  and  8, 26,  and  26  in  another  case.  The  formula 
la  perfectly  general,  no  matter  which  values  are 
aarilgned  to  the  different  letters.   Thus,  Ibr  the  first 


1/5.184  =  86  sq.  units. 
For  the  second  case. 


fV—C 


26«  +  25»-3«\«     ^^  „   .. 


In  regard  to  question  48  (e).  Answers  to  Inquiries, 
February,  1900.  Mr.  L.  M.  R..  Vinton,  Iowa,  sends  the 
following:  If  T.  J.  A.,  Boston,  Mass..  will  block  up 
one  of  his  wall  controllers  to  about  fkill  load,  or  fai 
enough  to  make  one  machine  take  a  little  more  than 
half  the  load,  letting  the  other  controller  do  all  the 
regulating,  he  will  have  less  trouble  with  his  T.  H. 
machines  hunting  when  in  series. 


(180)  What  is  the  best  method  of  oonstructlnff 
dancing  floors?  Is  a  double  tier  of  Joists  required? 
P.  B.,  Chicago,  ni. 

Amb.— The  vibrations  on  a  dancing  floor  are  severe, 
and  unless  special  provision  is  made,  the  plaster 
eeiling  beneath  is  apt  to  crack.    In  constructing  such 


a  floor,  it  is  usual  to  support  the  ceiling  entirely  on 
other  Joists  than  those  that  carry  the  floor.  The 
Joists  supporting  the  oeUlng  can  be  placed  between 
the  floor  Joists,  and,  in  every  case,  must  not  be  in 
contact  with  or  attached  to  them  in  any  way. 

»♦» 

(181)  (a)  What  is  the  temperature  of  ftislon,  the 
temperature  of  vaporisation,  the  latent  heat  of 
ftislon.  and  the  latent  heat  of  vaporisation  of  car- 
bonlo-acld  gas  and  ammonia  gas.  as  used  In  relMger- 
atlng  plants?  (b)  How  do  vou  find  the  number  and 
strength  of  stayoolts  for  boilers? 

O.  J.  a,  Kansas  aty,  Mo. 

Am.— (a)  As  neither  carbonlo-aold  gas  nor  ammo- 
nia gas  ever  appear  in  the  solid  state  in  practical 
refHgeratlng  plants.  It  is  not  neceawry  to  know 
either  the  temperature  or  the  latent  heat  of  ftislon. 
The  temperature  and  latent  heat  of  vaporisation 
diflbr  with  the  pressure.  Under  a  pressure  of  1 
atmosphere,  the  temperature  of  vaporisation  of 
ammonia  is  about  80^  F.  below  aero;  and  the  latent 
heat  of  vaporisation  is  574  B.  T.  U.  The  temperature 
of  vaporisation  of  carbonloadd  gas,  under  a  pressure 
of  1  atmosphere,  is  about  124<>  F.  below  zero.  At  0^  F.. 
and  under  a  pressure  of  810  lb.  per  sq.  in.,  the  latent 
heat  of  vaporisation  of  carbonic-acid  gas  is  128.2 
B.  T.  U.  Ammonia,  at  the  same  temperature,  and 
under  a  pressure  of  80  lb.  per  sq.  in.,  has  a  latent 
heat  of  655.5  B.T.U.  Difltoent  authorities  vary 
somewhat  in  reference  to  the  above  values.  Those 
given  here  are  the  values  given  by  a  well-known 
authority  in  this  country,  (b)  Various  rules  and 
methods  are  used  by  dif^rent  builders  and  boiler 
Inspectors  for  finding  the  number  and  dimensions  of 
staybolts.  The  following  rules  are  those  prescribed 
by  the  United  States  Board  of  Supervising  Inspectors 
of  Steam  Vessels:  The  pitch  of  the  steys  supporting 
the  fireboxes,  ftimace,  and  back  connections  must  in 
no  case  exceed  10|  in.,  nor  be  more  than  will  be 
determined  by  the  following  rule,  the  thickness  of 
the  plate  and  the  steam  pressure  being  given.  To 
find  the  pitch  of  staybolts,  multiply  the  constant  112 
by  the  square  of  the  number  of  sixteenths  of  an  inch 
in  the  thickness  of  the  plate.  Divide  this  product  by 
the  steam  pressure,  and  extract  the  square  root  of 
the  quotient  For  plates  exceeding  ^  In.  in  thick- 
ness, substitute  the  constant  120  for  112.  Having  the 
pitch,  the  total  number  of  staybolts  is  easily  found 
by  dividing  the  area  to  be  supported  by  the  square  of 
the  pitch.  The  total  stress  in  each  stay  is  found  by 
multiplying  the  area  that  it  supports  by  the  steam 
pressure.  Thus,  if  the  pitch  is  6  in.,  the  area  sup- 
ported is  6  X  6  =  36  sq.  in.;  this  area  multiplied  by 
the  steam  pressure  will  give  the  stress  on  the  stay  in 
pounds.  The  net  area  of  the  stay  is  found  by  divi- 
ding the  total  stress,  as  found  above,  by  the  allowa- 
ble unit  stress.  The  values  for  the  allowable  unit 
stress  prescribed  by  the  above  board  are  as  follows: 
The  maximum  stress  on  a  wrought-lron  brace  or  stay 
of  any  size,  or  a  steel  stay  up  to  1^  in.  in  diameter  at 
the  smallest  part.  Is  fixed  at  6,000  lb.  per  sq.  in. 
of  cross-section  of  the  stay  or  brace.  Steel  staybolts 
exceeding  a  diameter  of  4  in.  at  the  smallest  part, 
and  not  over  2|  in.  in  diameter,  may  be  allowed  a 
stress  not  exceeding  8,000  lb.  per  sq.  in.  of  section. 
Steel  stays  above  2|  in.  in  diameter  may  be  allowed 
a  stress  not  to  exceed  9,000  lb.  per  sq.  in.  of  cross- 
section. 
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ANSWERS  TO  INQUIRIEJS 


(132)  (a)  What  is  the  oost  of  a  880-wan  dynamo  T 
(b)  How  long  will  it  take  a  dynamo  of  this  aise  to 
.^ ^ ^... ,T , rent  for 

hoars  r 


oharse  a  storage  battery  nsed  to  sapply  current  for 
three  16  o.  p.  5&-Yolt  lamps  in  oircmt  for  8 

(e)  Will  a  morage  battery  lose  part  of  its  chi 

12  hours;  if  so,  how  mucn?  (d)  Where  can  such  a 
storage  battery  be  obtained  or  information  be  found 
in  regard  to  its  construction  7 

A.  H.  L..  Rugby,  Ont.,  Can. 
Ans.— (a)  A  880-watt  56-Yolt  dynamo  will  probably 
cost  between  <80  and  S40.  (6)  Charging  at  the  rate 
of  8  amperes,  it  should  take  about  4  hours,  (e)  An 
open-circuit  battery  should  lose  very  little  of  its 
charge  in  12  hours,  if  care  is  taken  that  there  are  no 
leaks  on  the  circuit,  (d)  Electric  Storage  Battery  Co., 
Philadelphia,  Fa.  An  article  on  the  manufacture  of 
small  storage  cells,  now  in  course  of  preparation, 
will  be  published  in  Sciknce  akd  Ihdcbtby  in  the 
near  ftiture. 

••• 

(188)  Kindly  mention  several  good  periodicals, 
either  monthly  or  weekly,  pertaining  to  carpentry, 
wood  working,  etc.  L.  J.  B.,  Bradford,  Mass. 

Ams.— "Oirpentry  and  Building,"  282  William  St, 
New  York;  'Architects'  and  Builders'  Magazine,"  28 
Warren  St.,  New  York;  and  "The.  Wood  Worker," 
Indianapolis,  Ind.,  a  Journal  for  machine*  wood 
workers.  They  are  aU  monthly  magazines,  and  the 
price  of  each  is  $1  per  year  in  advance. 


(184)    (a)  How  many  levers  has  a  locomotive  enj 
neer  to  fittend  to,  and  what  are  their  names?    i 
How  often  does  a  locomotive  require  oiling?    (c) 
How  often  does  a  locomotive  take  m  water? 

A.  H.  S.  B.,  Big  Glace  Bay,  Nova  Scotia. 

Aks.— (a)  Throttle  lever,  reversing  lever,  whistle 
lever,  injector  lever,  cylinder-cock  lever,  sand  lever, 
and  safety-valve  lever.  Also,  if  pumps  are  used, 
there  are  levers  for  the  petoock  and  the  feed-valve 
(sometimes  called  the  lazy  cock).  Certain  other  appli- 
ances are  in  use,  generally  worked  by  wheel  handles; 
they  are  the  blower,  lubricator,  and  sand  blast. 
Besides  the  above,  the  fireman  has  certain  details  to 
attend  to.  (b)  With  the  improved  oil  cups  now  in 
use  on  most  roads,  the  engine  can  run  ttom  80  to  100 
miles  between  oilings.  (e)  It  depends  on  the  train 
hauled,  the  nature  of  the  road,  and  the  weather; 
also  on  the  capacity  of  the  tank.  A  heavy  freight 
train  will  take  water  about  every  20  miles,  and  a 
passenger  train  about  every  60  miles. 


(1» 
wint 


(185)  (a)  In  plastering  houses  in  the  late  fall  or 
inter,  I  find  spots  that  we  call  cold  toots  and  some 
call  quaamires.  Can  you  tell  me  what  is  the  cause  of 
this?  (0)  I  plastered  a  house  last  November,  and 
three  months  later  the  painter  tinted  the  walls  a 
pinkish  hue,  but,  strange  to  say,  in  the  morning 
following  the  day  on  which  the  color  was  applied, 
it  was  found  to  have  disappeared.   Can  you  account 


for  this?  {c)  What  colors,  when  placed  in  lime,  will 
not  be  aflected  by  it?  {d)  What  preparation  would 
you  advise  for  finishing  nard  wood  floors  so  that  they 


will  remain  Inright  with  wear? 

"  Macbsth,"  Frederloton,  N.  B. 
Ans.— (a)  Probably  one  of  two  causes:  the  lime 
might  not  have  been  thoroughly  slacked,  or  freezing 
might  have  taken  place  directly  after  plastering. 
If  the  lime  were  not  thoroughly  slacked,  and  applied 
to  the  wall,  it  would  be  likely  to  slack  on  the  wall. 
This  causes  blisters  and  forces  pieces  of  plaster  from 
the  surface.  The  freezing  would  cause  spots  having 
the  appearance  of  mushrooms,  and  these  would  more 
than  likely  remain  soft,  (b)  Pink  is  one  of  the  most 
delicate  colors,  and  we  are  not  surprised  that  it  dis- 
appeared. Even  3  months  is  not  long  enough  in  the 
winter  for  plaster  to  dry  thoroughly,  and  it  is  more 
than  likely  that  it  was  still  green  and  absorbed  the 
color.    We  have  seen  plaster  that,  when  put  on  the 


wall,  generated  heat  for  a  considerable  time,  and  in 
this  state  it  absorbed  moisture  rapidly;  color  placed 
on  it  while  in  this  condition  will  be  absorbed 
throughout  its  body,  (e)  Usually,  in  coloring  plas- 
ters, preparations  called  pUuler  ooUm  are  used.  These 
tint  the  plaster  and  avoid  the  annoyance  so  often 
seen  with  painted  or  tinted  walls  in  which  the 
scaling  or  peeling  oiT  of  the  paint  shows  the  white 
plaster  in  disfiguring  spots.  All  information  regard- 
ing such  colon  can  be  obtained  ttom  the  manufke- 
turera,  Toch  Bros.,  468  W.  Broadway,  New  York,  N.  Y. 
(d)  The  best  preparation  to  use  is  wax.  For  all 
information  regarding  wax  floors  and  how  to  care 
for  them,  address  Barron,  Boyle  &  Co.,  Cincinnati,  O . 


(186)    (a)  Since  one  side  of  every  subscriber*! 
lie  circuit  in  a  oommon-battery  system  is  con- 


nected to  the  positive  terminal  of  one  storage  battery, 
why  is  this  not  a  common-return  system?  (b)  Why 
should  the  lightning-arrester  wires  that  are  stapled 


to  the  pole  and  cros^arms,  as  mentioned  by  F00I& 
cause  cross-talk?  {c)  Would  transmission  be  as  good 
with  condensers,  as  in  Fig.  2,  as  with  repeating 
coils?  (d)  What  would  be  the  effect  of  connecting 
a  condenser  as  in  Fig.  1?  (0)  Why  can  I  not  charge 
a  2  M.  F.  condenser,  that  seems  to  be  in  good  condi- 
tion for  telephone  work,  with  a  Wimshurst  machine? 
(/)  What  is  the  approximate  resistance  of  a  solid 
back  transmitter  (when  at  rest)  designed  for  a  com- 
mon-battery system?  F.  H.  W.,  Latrobe,  Pa. 

Ams.— (a)  A  common-return  system  is  generally 
understood  to  consist  of  one  wire  strung  on  the  same 
poles  as  the  telephone  wires,  for  all  of  which  it  forms 
the  return  circuit.  In  a  oommon-battery  complete 
metallic  circuit,  each  circuit  is  entirely  sepaiate 
until  both  sides  have  passed  through  all  the  tele- 
phone and  switchboard  apparatus.  They  are  then 
Joined  by  wires  of  very  low  resistance  to  the  one 
battery,    (b)  Because  the  current  from  one  wire  can 


Fig.  1 


F10.2 

leak  (eepedaiiy  in  wet  weather  and  in  case  the 
ground  oonnection  of  the  lightning-arrester  wire  is 
bad)  along  the  cross-arm  to  the  arrester  wire  and 
then  to  another  wire,  even  if  the  live-wires  do  not 
touch  the  arrester  wire.  If  this  leakage  is  sufficient, 
cross-talk  will  follow,  (c)  Probably  not.  because  there 
isalready  an  excessof  electrostaticcapacityin  the  line 
wires,  and  you  are  making  it  worse  by  adding  con- 
densers. A  repeating  coil  would  add  inductance,  and 
the  electrostatic  capacity  is  not  only  not  increased 
but  the  inductance  tends  to  counteract  the  capacity, 
(d)  A  condenser  connected  as  in  Fig.  1  would  shnnt 
the  talking  current  across,  and  reduce  the  current  at 
the  distant  end.  (e)  You  may  have  punctured  the 
insulation  with  the  Wimshurst  machine.  The  insula- 
tion may  be  so  low  that  the  charge  from  the  machine 
leaks  away  before  you  can  observe  any  discharge, 
but  at  the  same  time  the  insulation  may  be  gMd 
enough  for  telephone  work,  because  the  frequency  is 
then  so  great  that  it  charges  and  discharges  before 
much  of  the  charge  can  leak  from  one  plate  to 
another.    (/)  About  15  ohms.  « 
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(1B7)  In  the  cue  of  the  electric  winch  ahown  in 
the  ftocompftDying  sketch,  what  power  end  speed  Is 
dereloped  on  the  winding  drams  A,  A,  and  how  are 
the  results  reached  T  W.  8.  a,  Ottawa,  Can. 

Amb.— The  first  thing  that  most  be  determined 
before  the  above  ealcolations  can  be  made,  is  the 
efficiency  of  the  hoisting  mechanism;  in  other  words. 
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A*»r  XUvatimt. 


What  percentage  of  the  total  power  developed  by  the 
motor  is  actually  utilised  at  the  winding  drums. 
It  will  be  hard  to  give  accurate  flgurea  for  this, 
because  the  efficiency  may  vary  widely,  depending 
on  the  condition  of  the  gears,  etc  In  order  to  be  on 
the  safe  side,  we  will  take  the  efficiency  at  SOjt,  as 
this  should  be  a  fair  average.  We  will  then  have 
30  X  .5  «»  15  H.  P.  at  the  winding  drama  If  the 
motor  makes  975  R.  P.  M.,  the  worm-shaft  will  make 

— —-?  E.  P.  M.,  and  the  worm-gear  shaft  wUl 

make  ^—^  R.  P.  M.    In  hoisting,  the  15-inch  gear 

will  mesh  with  the  29-inch  gear,  so  that  the  speed  of 

the  drum  shaft  will  be  |^x^^^  =  *-7  B.  P.  M. 

The  drums  are  18  in.  in  diameter,  or  about  4.7  ft.  in 
drcumference.  Since  we  have  15  H.  P.  exerted  at 
the  drum,  we  must  have  P  X  4.7  X  4.7  —  88,000  X  15, 
where  P  Is  the  total  pull  exerted  at  the  drums. 
From  this  we  get  P  »  22,400  lb.,  nearly,  or  11,200  lb. 
on  each  drum.  The  winch  would  then  be  capable  of 
lifting  22,400  lb.  at  a  speed  of  4.7X4.7  ^  22.09  ft.  per 
minnte. 

••• 

I  280  ft.  long, 


(188)    (a)  Having  an  18^'  water  p 

with  five  450  elbows  and  four00<>elt ^ 

from  one  tank  to  another  under  a  14^'  head,  what 
will  be  the  velocity  of  flow  and  the  quantity  of  water 
'1  of  ratter  1 


ows  discharging 


discharged  T  The  elbows  are  all 
radius  (about  standard).  (5)  With  same  distance 
and  head,  what  would  be  the  rate  of  flow  and  quan- 
tity discharged  through  a  straight  pipe?  (e)  Please 
live  the  mechod  of  solving  the  above. 

R.  a  P..  Pittsburg,  Pa. 
Av8.^(a)  With  a  smooth  cast-Iron  pipe,  the  veloc- 
ity of  flow  would  be  nearly  12  ft  per  sec.,  corre- 
sponding to  a  discharge  of  about  21  cu.  ft.  per  sec. 
(6)  The  velocity  of  flow  would  be  about  154  A-  per 
sec.,  corresponding  to  a  discharge  of  27.88  cu.  ft.  per 
see.  (e)  The  above  results  were  obtained  by  an 
application  of  the  formula 


8.02     /- 

A/n 


I 


in  which  v  =  velocity  of  flow  in  feet  per  second; 
h  «  head  in  feet;  /  »  a  coefficient  depending  on  the 
else  and  condition  of  the  pipe  and  the  velocity  of 
flow;  I  =>  length  of  the  pipe  in  feet;  d  =>  diameter  of 
«the  pipe  in  feet:  m  »  a  coeffident  depending  on  the 


form  of  the  inlet  end  of  the  pipe  and  its  relation  to 
the  reservoir;  n  =  number  of  bends;  and  e  »  a 
coefficient  depending  on  the  relation  between  the 
diameter  of  the  pipe  and  the  radius  of  the  bends. 
The  values  of  the  various  coefficients  used  were 
taken  from  tables  giving  the  results  of  experiments. 
It  is  possible  the  actual  conditions  under  which  your 
pipe  operates  vary  considerably  from  the  conditions 
under  which  the  coefficients  were  determined.  In 
such  a  case,  the  actual  discharge  of  the  pipe  would 
be  diffiareot  ttom.  the  calculated  results. 


(189)  (a)  What  books  costing  not  over  SIO  would 
you  recommend  for  one  desiring  an  elementary 
knowledge  of  mechanics  T  I  understand  mathe- 
matlos  tnrough  trigonometry,  and  have  studied 
physics.  (5)  under  the  same  conditionB,  what  would 
you  recommend  as  good  works  for  study  in  elec- 
tricity, and  where  can  I  get  themT  I  am  familiar 
with  the  piindplee  of  the  subject,  and  want  to  do 
some  work  on  the  technical  side  of  it. 

I.  E.  G.,  Pierre,  8.  D. 

Amb.— <a)  For  works  on  mechanics,  we  can  recom- 
mend the  following:  "  Parkinson's  Elementary  Me- 
chanics," price,  82.26;  "(Samett's  Elementary  Dynam- 
ics," price.  81.60;  "Hicks'  Elementary  Dynamics," 
price,  $1.60;  "Jessop's  Elementary  Applied  Mathe- 
matics," price,  81.25.  "Parkinson's  Elementary  Me- 
chanics" would  be  the  best  to  begin  with,  (b)  For 
works  on  electricity  we  can  recommend:  "  Elemen- 
tary Lessons  in  Electricity  and  Magnetism,"  by 
SUvanus  P.  Thompeon,  price,  $1.40;  "  Dynamo-Elec- 
tric Machinery,"  by  Bilvanus  P.  Thompeon,  price, 
$6;  "Electric  Power  Transmission,"  by  Dr.  Louis 
Bell,  price,  $2.50.  You  can  obtain  these  books  ttom. 
The  Technical  Supply  0>.,  Scranton,  Pa. 


(140)  In  the  accompanying  sketch  Is  shown  an 
eccentric  with  its  shaft  A.  (a)  Please  state  what 
movement  a  valve  would  have  if  the  eccentric  were 
2  in.  in  diameter.  (5)  Give  the  correct  names  of  the 
diflbrent  parts  of  the  eccentric. 

W.  8.,  Weir  City,  Kan. 

Ana.— (a)  The  distance  the  valve  moves  is  not 
fixed  by  the  diameter  of  the  eccentric,  but  by  the 
eccentricity,  1.  e.,  the  distance  r  between  the  center 


of  the  shaft  and  the  center  of  the  eccentric.  A  little 
consideration  will  show  that  the  eccentric  is  equiva- 
lent to  a  crank  in  which  the  distance  from  the 
center  of  the  shaft  to  the  center  of  the  eccentric 
is  the  same  as  the  radios  of  the  crank.  For  this 
reason,  the  distance  r  is  sometimes  called  the  radius 
of  the  eccentric.  By  observing  the  sketch  we  see 
that  the  center  0  of  the  eccentric  moves  around  the 
center  of  the  shaft  in  a  circle  whose  diameter  d  Is 
twice  the  distance  r  between  the  center  of  the  crank 
and  center  of  eccentric.  It  is  also  evident  that  the 
distance  d,  which  is  called  the  threw  of  the  eccen- 
tric, is  the  distance  moved  by  the  valve,  provided 
no  rocker-arm  Is  used  between  eccentric  and  valve, 
and  that  the  throw  will  be  the  same  for  a  given 
eccentricity  r,  no  matter  what  the  diameter  of  the 
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eccentric  may  be.  (6)  The  part  D  that  revolves  with 
the  shaft  is  generally  called  the  sheave;  B,  the  strap; 
and  C,  the  eccentric  rod. 

.•. 

(141)  (a)  How  can  I  find  the  contents  of  a  cylin- 
der in  U.  8.  gallons?  (6)  How  can  I  harden  heads 
for  turning  machines  ?  The  heads  are  f '  X  21'',  and 
have  a  i"  hole  through  them.  I  wish  to  obtain  a 
method  of  hardening  that  will  prevent  them  ftom 
cracking.  E.  W.  McT.,  Stenbenville,  Ohio. 

Anb.— (a)  Multiply  the  diameter,  in  inches,  by 
itself  and  by  .7854.  Multiply  this  product  by  the 
length  of  the  cylinder,  in  inches.  Divide  the  last 
product  by  281.  (6)  We  would  advise  you  to  heat  the 
heads  in  molten  lead  kept  at  a  red  heat.  Quench  in  a 
bath  of  lard  oil,  and  keep  them  in  the  oil  until  cold. 


(142)  I  have  a  switchboard  made  of  date,  on 
which  I  have  made  a  few  changes  in  the  placing  of 
switches.  This  has  left  a  few  noles  in  the  board. 
Can  you  show  some  method  of  plugging  up  these 
holes  BO  as  to  give  a  good  finish  to  the  front  of  the 
board  7  W.  H.  M..  Paterson,  K.  J. 

Aii8.~The  following  method  is  ene  used  cbnslder- 
ably  by  makers  of  switchboards,  and  it  may  answer 
in  your  case.   The  slate  is  always  broken  away  more 
or  lev  around  the 
yb  edge  of  the  hole,  so 

that  it  is  a  diillcult 
matter  to  make  a 
good  finish  by  plug- 
ging with  plaster  of 
Paris  and  then  fin- 
ishing off  with  black 
enamel;  this  is,  how- 
ever, sometimes  done.  A  very  simple  method  is  to 
turn  up  a  number  of  plugs  a  of  hard  rubber.  These 
plugs  should  enter  the  hole  about  }  inch,  and  may 
be  stuck  in  with  glue  or  simply  made  a  tight  fit. 
They  should  be  provided  with  a  flange  b  to  cover 
the  chipped-out  portion  around  the  hole;  it  also 
improves  their  appearance  to  have  the  top  slightly 
convex,  as  shown.  If  the  ikce  of  the  plug  is  well 
polished,  it  matches  the  black  enameled  slate  very 
closely. 

•% 

(148)  (a)  Will  an  accumulator  of  800  ampere- 
hours  capacity  work  an  induction  coll  to  good 
advwtage?   The  coil  is  designed  for  a  i"  spark. 


(b)  What  candlepower  lamp  will  the  aocnmxuator 
Ughtr  (e)  Will  putting  potaarinm  bichromate  into 
a  cell  that  had  1  ox.  lees  than  the  required  amount— 
being  used  about  an  hour  and  then  standing  10  days 
before  the  remaining  portion  is  put  in— afllBCt  the 
strength  of  the  battery?   If  so,  why? 

J.  K.  F.,  Chewsville,  Md. 
Ana.— (a)  Yes;  an  accumulator  is  usually  quite 
satisfactory  for  the  operation  of  an  induction  coil. 
The  pressure  used  should  be  Just  high  enough  to  work 
the  coil  without  bad  sparking  at  the  contact  maker. 
You  should  have  an  adjustable  resistance  in  series 
with  the  primary,  in  order  to  adjust  the  current. 
(6)  This  depends  on  the  number  of  cells  you  have 
at  your  disposal.  A  16-candlepower  lamp  requires 
about  54  watts  for  its  operation,  or  about  8|  watts  per 
candlepower.  If  you  know  the  voltage  of  your  bat- 
tery and  the  current  it  can  deliver,  you  can  easily 
determine  from  the  above  the  number  of  lamps  it  can 
operate,  (c)  The  battery  solution  probably  became 
deteriorated  during  the  time  that  the  batteries  were 
standing  idle.  Chrome  alum  is  apt  to  crystalline  out 
in  these  cells  after  they  have  been  set  up  for  some 
time.  These  cells  always  work  best  when  the  solution 
is  freshly  mixed,  and  it  is  probable  that  your  cells  fell 
off  in  voltage  simply  because  the  solution  was  old, 
and  not  because  of  the  lack  of  exact  proportions  in 
the  electrolyte. 


(144)  How  can  I  make  a  large  simple  bichromate- 
of-potash  cell  ?  E.  C.  S.,  Dorchester,  Mass. 

Ams.— Secure  a  glass  or  earthenware  Jar  of  the  siae 
required,  and  make  a  hardwood  cover  for  it^  Bon 
this  cover  in  paraflin,  or  give  it  a  good  coat  of 
asphaltum  paint,  to  prevent  it  ftom  absorbing 
moisture.  Drill  a  circle  of  f-in.  holes  in  the  cover, 
so  that  they  will  come  near  the  inside  edge  of  the 
Jar,  and  insert  f-in.  electric-light  carbons  in  these 
holes,  wedging  them  tightly,  and  allowing  them  to 
project  above  the  cover  about  li  in.  These  carbons 
should  reach  nearly  to  the  bottom  of  the  Jar,  and  the 
upper  ends  should  be  electroplated  with  copper,  so 
that  a  copper  wire  may  be  run  around  and  soldered 
to  the  carbons,  thus  forming  one  terminal  of  the 
battery.  A  zinc  plate  about  j  in.  thick  and  2  in. 
wide  should  be  hung  in  the  center  of  the  cell,  to 
form  the  other  electrode;  this  zinc  should  be  well 
amalgamated,  and  arranged  so  that  it  can  be  lifted 
out  when  the  cell  is  not  in  use.  The  solution  may 
be  made  up  as  follows:  Sulphuric  add,  2  parts,  is 
mixed  with  water,  4  parts,  in  one  veael;  in  another 
vessel,  1  part  of  potanium  bichromate  is  diaK>lved  in 
S  parts  of  boiling  water,  and  while  hot  is  mixed 
with  the  first  liquid  prepared.  All  parts  given  above 
are  by  weight. 

»** 

(145)  Oan  you  recommend  a  good  book  on  the 
foundry  pracnce  of  brass  and  bronse  alloys;  also,  on 
their  chemicsl  composition  and  micnetruetureT 

M.  J.  M.,  JoUet,  m. 
Amb.— "The  Practical  Brass  and  Iron  Founder's 
Quide,"  by  Jamee  Larkin;  price,  $2.60.  This  book 
may  be  obtained  firom  The  Technical  Supply  Co.. 
Scranton,  Pa.  We  know  of  no  book  devoted  to  the 
chemical  composition  and  microstruoture  of  metals. 
Occasional  articles  on  this  subject  have  appeared  in 
the  technical  papers;  several  contributions  appear 
in  the  Transactions  of  the  American  Institute  of 
Mining  Engineers  for  1896.  **The  Metallographlst," 
published  by  A.  Sanveur  at  448  Tremont  St.,  Boston. 
Mass.,  is  devoted  entirely  to  mieroscopio  analyila  of 
metals.  You  may  find  some  articles  on  the  miero- 
struetnre  of  brass  and  bronse  in  its  columns. 


(146)   Please  explain  a  method  of  obtaining  the 
length  of  the  belt  in  the  enclosed  sketch. 

C.  E.  H.,  Worcester,  Mass. 

AMB.— If  ct  is  the  distance  between  the  centers  oi 
two  circles  whose  radii  are  r  and  r',  respectively,  the 


length  Tot  the  direct  common  tangent  to  these  two  ' 
circles  is  given  by  the  formula  r=»  V'd*— (r  — r')*. 
From  this  formula  we  get  T,  =  34.07",  Tj  =  48.80". 
and  Tt  =>  18.75".  Evidently,  the  angle  between  the 
tangents  Tf  and  T»  is  less  than  45<';  hence,  the  arc  of 
contact  between  the  tangents  Tt  and  7t  is  a  little  lees 
than  I  of  the  circumference  of  the  small  pulley.  In 
like  manner,  the  arc  of  coiftact  between  T^  and  Ti  is 
a  little  less  than  i  of  the  circumference  of  the  small 
pulley.  By  analytical  geometry,  the  angle  between 
the  tangents  7\  and  Tf  is  found  to  lie  between  6®  and 
6^.  Therefore,  the  arc  of  contact  of  the  belt  on  the 
big  pulley  is  a  little  lees  than  IStP,  and  the  length  of 
this  arc  is  nearly  US  of  the  circumference.  The  sum 
of  these  three  arcs  is  29.90";  which  makes  the  whole 
length  of  the  belt  121.58". 
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(147)  What  would  yon  recommend  m  the  most 
feMlble  Kheme  for  recording  on  a  gange  In  my 
offloe  every  Inch  of  variation  In  the  level  of  a  canal 
that  la  about  2,600  ft.  diitantt  The  varlaUon  of  the 
canal  is  about  10  ft.  The  meana  of  accompllihing 
thia  would  be  by  electricity,  and  four  line  wirei  can 
be  used  if  neoenary.  A.  B.  V.,  JoUet,  ni. 

Am.— We  give  an  arrangement  in  the  accompany- 
ing flgnre  that  might  aniwer  your  purpoee.  The 
cord  a,  ttom  a  float,  paMce  over  the  drum  5;  e  is  a 
counterweight  used  to  keep  the  cord  taut^  An  arm 
h  is  attached  to  the  drum,  so  that  it  will  move  along 
the  resistance  d  (about  200  ohms)  when  the  float 
moves  up  or  down;  c  is  a  battery  consisting  of  10  or 


15  cells  of  Bolne  type  that  will  be  constant  in  its 
action  and  not  greatly  aflbcted  by  changes  of  tem- 
perature. Cells  of  the  Gordon  or  Edison-Lalande 
type  will  answer  very  well.  These  cells  are  con- 
nected to  the  terminals  of  d,  and  send  a  small  cur- 
rent through  it  all  the  time.  This  current  should  be 
kept  the  same  at  all  times,  and  should  be  checked 
up  now  and  then  by  means  of  a  small  current 
indicator  g.  The  current  may  be  adjusted  to  its 
proper  value  by  means  of  a  small  adjustable  resistp 
anoe  /in  the  local  circuit  One  line  is  connected  to 
point  I  and  the  other  to  the  arm  h.  The  indicator  k 
is  an  ordinary  voltmeter  with  its  scale  marked  to 
read  in  inches  of  water  in  the  canal.  If  a  high- 
resistance  voltmeter  is  used,  such  as  the  Weston  type, 
the  reading  will  not  be  appreciably  aifected  by 
accidental  poor  contact  of  the  arm  h.  If  there  is  no 
objection  to  running  four  line  wires,  it  might  be  well 
to  place  the  battery,  resistance  A  and  indicator  g  at 
the  other  end  of  the  line.  It  could  then  be  seen  at  a 
glance  whether  the  current  through  d  was  the  right 
amount,  and  if  not  it  could  be  adjusted.  With  good 
battery  cells,  the  system  should  operate  for  some 
time  without  any  great  vartation  in  the  current 

••• 

(148)  Do  you  know  of  any  book  on  the  subject  of 
brazing?  Bvildkr. 

Aks.— "A  ICanual  of  Hard  Soldering,"  by  H.  Rowell; 

price,  75  cents.    This  book  may  be  obtained  flrom  The 

Technical  Supply  Co.,  Soranton,  Pa. 

* 

»  * 

(149)  Kindly  let  me  know  where  "madstones" 
are  found.  J.  B.  B.,  New  Orleans,  La. 

Ana.— Madstones,  said  by  one  authority  to  be 
''usually  of  the  sise  and  shape  of  an  egg,"  are  found 
by  the  ignorant  and  supeatitious  wherever  ordinary 
stones  are  worn  into  striking  shapes  by  the  action  of 
water.  Their  fortunate  owners  are  said  to  flnd  them 
very  eflicient  in  the  cure  of  hydrophobia,  but  edu- 
cated and  skeptical  people  prefer  the  Pasteur  treat- 
ments In  ancient  times  they  were  often  picked 
up  by  Greeks  and  Bomans,  and  were  mistaken  for 
thunderbolts  "  flung  by  angry  Jove  "  at  the  earth  or 
some  of  its  oflbnding  inhabitants. 


(160)  (a)  What  are  the  advantages  and  disadvan- 
tages of  surfiMse  and  Jet  condenseisT  (b)  What  will 
K event  their  satisfactory  working?  (c)  What  are 
e  advantages  and  disadvantages  of  cross-  and 
tandem-compound  engines?  (d)  How  is  chimney 
draft  measured  in  inches  of  water?  («)  Why  is  it 
so  measured?  (/)  What  are  the  relative  advantages 
in  Oorliss  valves  openingtoward  and  away  from  the 
center  of  the  engine?       P.  E.  M.,  Lawrence,  Mass. 

Alls.— (a)  Surface  condensers  are  more  expensive 
than  jet  condensers  and  require  more  water  to  con- 
dense a  given  weight  of  steam.  If  the  condensing 
water  contains  impurities  that  will  produce  scale  or 
injure  the  boiler,  the  sur&ce  condenser  has  the  great 
advantage  of  permitting  the  pure 
water  formed  by  the  condensed 
steam  to  be  returned  to  the  boiler 
without  the  admixture  of  the 
impure  condensing  water.  (6)  An 
insufliclent  supply  of  condens- 
ing water,  is  about  the  only  thing 
that  will  prevent  a  well-designed 
condenser  of  either  type  that  is 
properly  connected  to  the  steam 
cylinders,  so  as  to  be  free  from  air 
leaks,  from  worklngsatlsikctorily. 
(c)  Much  depends  on  the  condi- 
tions. In  general,  tandem-com- 
pound engines  are  cheaper  and 
require  less  space,  while  the  cross- 
compound  type  has  the  advantage 
of  a  steadier  motion,  on  account 
of  the  arrangement  of  the  two  cranks  at  right  angles 
to  each  other,  (d)  Chimney  draft  is  measured  by 
connecting  one  leg  of  a  U-shaped  glass  tube  having 
water  in  the  bend  with  the  interior  of  the  chimney 
or  flue,  while  the  other  leg  is  open  to  the  air.  The 
difliBrence  in  pressure  causes  the  water  to  rise  in 
the  leg  attached  to  the  flue  and  fall  in  the  other.  The 
diflference  in  level,  in  inches,  between  the  surfaces 
of  the  water  in  the  two  legs  is  the  draft  pressure  in 
inches  of  water,  (e)  Principally  because  the  water 
manometer  applied  in  this  manner  is  the  most  con- 
venient method  of  comparing  the  small  difTerences 
in  pressure  commonly  found  in  chimney  draft 
(/)  The  principal  difference  is  that  valves  opening 
away  from  the  center  of  the  engine  give  a  slightly 
more  direct  passage  for  the  steam  than  is  obtained 
when  they  open  in  the  opposite  direction. 


(151)  (a)  Please  give  a  list  of  electrical  circuiU 
that  are  called  nonrinductive;  also,  a  list  of  non- 
inductive  loads.  Also,  give  a  list  of  inductive  cir- 
cuits and  inductive  loaos.  (5)  Give  a  recipe  for  a 
good  leather-belt  cement  (e)  In  looking  at  a  switch- 
board a  short  time  ago  I  saw  in  one  of  the  circuiU 
what  seemed  to  be  a  short  piece  of  corrugated  tin 
about  1  in.  wide  and  6  in.  long.    What  was  it? 

J.  B..  Central  Kails,  R.  I. 

Ans.— (o)  A  non-inductive  line  circuit  would  be 
one  in  which  the  outgoing  and  return  wires  are  run 
very  close  to  each  other,  or  are  transposed  at  inter- 
vala  Incandescent  lamps  constitute  a  practically 
non-inductive  load.  A  water  resistance  or  an 
electrolytic  bath  are  other  instances  of  non-induct- 
ive loads.  As  an  example  of  an  inductive  load, 
perhaps  one  of  the  most  common  is  the  induction 
motor.  Synchronous  motors  under  certain  circum- 
stances may  also  constituta  an  inductive  load. 
Choke  coils  also  introduce  inductance  into  the 
circuit  Unless  the  lines  are  long,  the  inductance  of 
the  circuit  itself  is  generally  very  small,  and  the 
character  of  the  load  depends  on  the  kind  of  devices 
operated.  (6)  16  parts  gutta  percha,  4  India  rubber, 
2  pitch,  1  linseed  oil;  cut  small,  melted  together,  and 
well  mixed,  (c)  The  switchboard  appliance  was  no 
doubt  a  resistance  of  some  kind.    Very  likely  it  was 
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an  ammeter  ahunt.  It  li  not  conyenient  to  tend  the 
whole  of  the  current  through  the  ammeter,  ao  it  is 
Ufoal  to  shunt  the  greater  part  of  it  through  a  low 
resistance,  and  allow  only  a  small  portion  of  it  to 
flow  through  the  instrument.  This  low  resistance, 
connected  in  series  with  the  main  line  and  in  par- 
allel with  the  ammeter,  is  perhaps  the  resistance  you 
refer  to.  It  may  also  be  possible  that  it  was  a  resist- 
ance connected  across  the  series-coils  of  the  dynamo 
to  adjust  the  compounding. 


(152)  Kindly  publish  the  solution  to  the  following 
problem,  given  in  a  recent  civll-serYice  examination: 
(a)  Using  a  chord  of  50  ft.,  what  is  the  deflection 
angle  for  a  curve  of  266.84  ft.  radius  T  (6)  With  a 
central  angle  of  8eP  SCK,  what  is  the  length  of  the 
curve  7  (c)  What  is  the  intersection  angle,  and  how 
does  it  diifer  f^om  the  central  angle  as  given  ? 

W.  R,  B.,  Albany,  N.  Y. 

Amb.— (a)  In  railroad  work  the  formula  commonly 
employed  for  finding  the  deflection  angle  when  the 

50 
radius  of  the  curve  is  known  is  sin  D  —  -d.  ^  which 

D  is  the  deflection  angle  and  B  the  radius.  This 
gives  the  deflection  angle  for  a  chord  of  100  ft.;  for 
shorter  chords,  proportional  parts  of  this  angle  are 
taken.  As  the  lengths  of  chords  are  not  exactly 
proportional  to  the  lengths  of  their  subtended  arcs, 
however,  a  slight  error  results  from  this.  In  curves 
of  short  radius,  such  as  the  one  given  in  the  exam- 
ple, it  is  desirable  to  employ  a  more  exact  method 
for  the  deflection  angles  for  chords  shorter  than 
100  ft.   The  exact  formula  for  the  deflection  angle 

k_C 

Applying  the 
first  method  to  the  given  example  to  obtain  the 
deflection  angle  for  a  chord  of  100  ft.,  we  have 


for  chords  of  any  length  Is  sin  D  = 
C  is  the   chord  subtended  by  D. 


in  which 


sin  D  »  -^-,  and  2>  -  lOO 51'  42^',  and  the  defleo- 

tion  angle  for  a  chord  of  50  ft.,  taken  as  one- 
half  of  this,  will  heb°2y  51".  The  exact  formula 
gives,  for  the  deflection  angle  for  a  chord  of  60  ft., 

■*^  -D  =•  oi^.  and  D  =  5« 24' 28".    (6)  The  num- 

her  of  chords  of  any  length  contained  in  the  curve 

is  found  by  dividing  the  center  angle  by  twice 

the  deflection  angle  for  a  chord  of  that  length; 

or.  in  the   present  case,   the  number  of  chords 

50  ft.  in  length  contained  in  the  curve  ig  equal  to 

SOP  80' 
2x^5034/ 23//)  =8  <5hord8.    Hence,  the  lengtii  of  the 

curve  measured  on  chords  of  50  ft.  i^  8  X  60  =  400  ft. 
(c)  The  angle  of  intersection  between  the  tangents  is 
equal  to  the  center  angle  of  the  curve. 


(158)    (a)  Of  what  does  the  mantle  of  a  gasoline 
lamp  oonstst,  and  how  is  it  prepared  so  that  when 


heated  it  will  produce  white  IlghtT   (6)  How  is  I 

lacquered?  (e)  What  is  the  reaction  of  sulphur  1 
part  and  potassium  chlorate  2  parts,  by  bulx,  dis- 
charged by  firictionT  (d)  What  is  the  cause  of  the 
noise  made  by  bringing  a  piece  of  pipe  or  glass  tubing 
about  i  or  I  in.  in  diameter,  and  nrom  1  to  3  ft.  long, 
over  a  hydrogen  gas  jet?  (e)  Explain  the  construc- 
tion of  a  cantilever  bridge. 

J.  H.  E.,  Constantine,  Mich. 
AMB.— (a)  Themanties  of  gasoline  lamps,  Welsbach 
burners,  etc.  consist  of  some  iinely  woven  fabric 
that  is  covered  with  a  solution  of  certain  rare  metals, 
such  as  thorium,  etc.,  which  have  the  property  of 
radlatingwhitelight  when  strongly  heated.  The  proc- 
ess of  manufacture  is  not  known  to  us.  (5)  A  good 
lacquer  for  brass  is  made  by  mixing  1  lb.  turmeric, 
2  OS.  annatto,  12  os.  shellac,  12  os.  gum  juniper,  and 
12  oz.  alcohol.  Apply  with  a  brush,  (c)  Potassium 
chlorate  is  an  explosive  body  when  subjected  to 


fHotion  in  the  presence  of  a  combustible  body,  such 
as  sulphur.  The  explosion  is  caused  by  the  fHetion, 
not  by  the  action  of  the  sulphur  on  the  chlorate, 
(d)  The  noise  is  due  to  a  series  of  continuous  explo- 
sions, which  are  produced  by  the  hydrogen  mixing 
with  the  hot  air  in  the  glass  tube.  («)  A  cantilever 
bridge,  as  commonly  constructed,  is  one  in  which  the 
principle  of  the  cantilever  Is  combined  with  that  of 
the  ordinary  simple  truss.  A  cantilever,  in  its  simple 
form,  is  merely  an  arm  projecting  ttom  a  fixed 
support  Cantilever  bridges  are  commonly  con- 
structed where  the  longest  span  between  piers, 
which  is  usually  the  center  span,  is  longer  than  is 
practicable  for  a  simple  truss.  In  such  cases  the 
span  of  the  central  truss  is  shortened  by  extending 
the  trusses  of  the  two  adjacent  spans  across  the  piers 
toward  each  other  as  cantilever  arms,  and  support- 
ing the  central  span  on  the  ends  of  these  cantilevers. 


(154)    (a)  How  many  red  bricks  are  there  to  the 
lubie        "     ""       "■  "     *'* 


oubio  yard  with  ordinary  mortar  and  with  oementt 
(6)  How  many  firebrick  to  the  cubic  yard?  In  laying 
these,  is  lime  mortar  or  cement  used? 

M.  P.  C,  McKeesport,  Pa. 
I  Akb.— (a)  The  number  of  bricks  in  a  cubic  yard 
varies  materially  with  the  thickness  of  the  Joints. 
It  is  customary  in  estimating  to  count  500  bricks  to  the 
cubic  yard,  which  allows  for  j<^nts  f  thick.  If  the 
joints  are  |"  thick,  as  in  Ikce  brickwork,  1  ou.  yd. 
will  require  about  576  bricks.  (5)  The  dimendons 
of  firebrick  are  greater  than  those  of  common  briok. 
There  l«,  however,  no  standard  size,  iChd  they  vary 
so  much  that  it  would  be  impossible  to  give 
accurately  the  number  per  cubic  yard.  In  laying 
firebrick  where  they  are  subjected  to  considerable 
heat  it  is  customary  to  use  fireclay.  Gement  mortar 
is  never  used  where  a  high  temperature  is  likely. 


(155)  Please  give  me  a  scheme  for  the  analysis 
of  coal  or  recommend  a  book  containing  the 
information.  R.  H.  F.,  St.  Louis,  mo. 

Ams.— We  would  recommend  "Quantitative  Anal- 
ysis," by  T.  E.  Thorpe,  which  you  may  obtain  through 
The  Technical  Supply  Co.,  Scranton,  Pa.  The 
December,  1890,  number  of  the  "Journal  of  the 
American  Chemical  Society"  contains  a  report  on 
coal  analysis  made  by  a  committee  of  that  society. 
You  can  get  this  number  by  sending  60  cents  to  the 
acting  librarian,  Mr.  A.  A.  Brenneman,  97  Water  St, 
New  York.  Modifjr  the  scheme  given  in  Thorpe 
according  to  the  above-named  report 


(156)  (a)  What  causes  a  bearing  to  squeak,  and 
why  wUl  oU  stop  it?  (5)  What  kind  of  gas  would  be 
formed  by  mixing  equal  parts  of  sulphuric  add  and 
gasoline?  (c)  Would  it  bum?  (d)  Would  it  be 
explosive?  W.  J.  F.,  Pembroke,  N.  Y. 

Akb.— (a)  A  probable  explanation  Is  that  when  the 
bearing  is  dry,  the  surfaces  tend  to  seise  each  other, 
this  causes  one  to  slide  over  the  other  in  a  series  of 
very  short  jumps,  and  sets  up  vibrations  that  produce 
the  squeaking  sound.  Oil  prevents  the  squeaking  by 
interposing  a  thin  film  that  prevents  the  surfaces 
f^om  coming  into  actual  (contact  (5,  e,  and  d)  We 
do  not  know  of  any  gas  that  would  be  formed. 


(157 )  Will  water  in  the  steam  chest  of  an  Arminc- 
ton  &  Sims  engine,  running  at  250  R.  P.  M.,  break 
the  valve  or  rocxer-arm?  If  so,  please  explain  bow. 
A.  B.,  Kingston,  N.  Y. 

Ans.— It  is  possible  that  water  in  the  steam  might 
result  in  a  broken  valve  or  rocker-arm;  In  most 
cases,  however,  either  the  piston  or  cylinder  head 
would  break  before  enough  water  could  collect  in 
the  steam  chest  to  break  the  valve  or  rocker«rm. 
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(156)  Witb  the  foUowinar  data,  at  what  prenore 
will  a  lafety  yaWe  blow  oflTT  Length  of  leyer,  40  in. ; 
distance  ftom  flilcmm  to  center  line  of  yalve,  4  in.; 
diameter  of  yalye.  2i  in. ;  weight  of  ball,  75  lb.  Qlye 
the  rule  and  work  out  the  example. 

C.  B.,  Philadelphia,  Pa. 

Amb.— Yonr  question  is  incomplete,  as  you  do  not 
g^ye  the  weight  of  the  leyer,  nor  the  distance  of  its 
center  of  graylty  from  the  fhlcmm.  Neither  do  yon 
giye  the  weight  of  the  yalye  and  stem.  These  data 
are  essential,  as  without  them  your  question  cannot 
be  answered.  You  will  find  an  article  explaining 
safety-yalye  problems  in  '*  The  Bteam-Electric  Maga- 
zine," May,  1S99,  a  copy  of  which  you  can  obtain  for 
10  cents  from  The  Colliery  Engineer  Co.,  Scranton,  Pa. 
The  subject  is  taken  up  at  length,  and  ftdly  discussed 
in  the  article  entiUed  '*  Making  a  Steam  Engineer." 

» 
*  * 

(150)  (a)  What  is  the  power  of  a  steam  JetT 
{b)  After  the  Jet  catches  its  water,  will  it  throw  more 
water  if  more  steam  is  turned  onT  (c)  Will  a  jet 
lift  water  as  far  as  a  pump?       A.  H.,  Carbon,  Ind. 

Akb. — (a)  We  haye  no  information  regarding  the 
actual  power  that  can  be  obtained  from  a  steam  jet. 
The  theoretical  power  in  a  jet  of  steam  under 
known  conditions  can  be  calculated  with  consider- 
able accuracy,  but  the  part  of  the  power  that  can 
be  utilised  in  practice  is  yery  uncertain.  (5)  We 
think  this  depends  on  circumstances.  Under  certain 
conditions,  as  much  steam  may  be  required  to  start 
the  water  as  can  be  utilised  by  the  jet  after  the  water 
begins  to  flow,    (e)  No. 


(100)  What  Is  the  simplest  way  to  deyelop  a  cone, 
my  for  a  phonograph  or  a  speaking  tube? 

F.  A.  S.,  San  Francisco,  Cal. 

Anb.— See  SavifCE  akd  Iivdustry,  December,  1890, 
Answers  to  Inquiries,  No.  855.  The  method  is  the 
same  as  there  giyen,  but  the  dimensions  will  be 
dlghtly  difTerent  in  your  case. 

.% 

(1(a)  What  is  the  process  of  yulcanislng  a  bicycle 
tlzet  A.  B.  T.,  Lowell,  Mass. 

Am.— The  rubber  is  Immersed  in  a  mixture  of  30 
parts  of  bisulphide  of  carbon  and  1  part  of  chloride 
of  sulphur.  It  is  next  placed  in  a  room  heated  to 
TOP;  and  when  all  the  sulphide  of  carbon  has  been 
yolatllised,  the  process  is  so  far  complete  that  it  Is 
only  necessary  to  boil  the  material  in  a  solution  of 
about  18  OS.  of  caustic  soda  to  2  gal.  of  water,  the 
yuleanised  rubber  being  next  washed  to  remoye 
excess  of  alkali. 

.•• 

(108)  We  propose  building  a  sawmill  to  be  run  by 
water-power,  we  intend  to  build  a  dam  10  A.  high 
across  a  creek,  and  conyey  the  water  by  flume  about 
400ft.tothe8itewherethemUlisto  bebuUt.   The 


total  fitU  will  be  40  n.  la)  Which  is  the  better  plan: 
(1)  to  flume  the  water  direct  to  the  waterwheel  at 
the  mill,  following  the  nearly  itnUght  bed  of  the 
creek;  or  (2)  to  carry  the  flume  along  the  nearly 
leyel  outline  of  the  bank  of  the  stream  to  a  penstock 
'^  ft.  high  at  the  waterwheel?     (5)  From  which 


r  to  Aimiah  100  H.  P.? 

L.  K.,  Port  Renfrew,  B.  C. 
Aim.'-<a)  It  Is  Impossible  to  answer  this  question 
mtlsfhctorlly  without  knowing  more  about  the  con- 
ditions than  Is  stated  In  the  question.  A  choice 
between  the  two  methods  should  be  based  on  an 
estimate  of  their  relatiye  cost,  and  this  must  be  based 
on  a  careftil  study  of  the  site,  and  a  knowledge  of 
the  cost  of  the  dlillBrent  materials  ayailable  for  the 
eonstmctlon  of  flumes  and  penstocks.  If  properly 
installed,  either  method  will  giye  satisfkctory  results. 
On  account  of  the  great  irregularity  and  sudden 


changes  in  the  amount  of  work  required  to  run  a 
sawmill  it  is  probable  that  a  penstock  at  the  wheel 
would  giye  better  results  than  could  be  obtained  by 
piping  direct  to  the  wheel;  it  might,  howeyer,  be 
cheaper  to  pipe  the  water  direct  from  the  dam  to  the 
penstock  than  to  bring  it  through  a  flume  laid  along 
the  bank.  If  the  latter  method  is  used,  care  must  be 
taken  to  make  the  flume  large  enough  to  carry  the 
amount  of  water  needed  with  a  moderate  slope. 
(5)  The  amount  of  power  that  can  be  obtained 
depends  on  the  quantity  of  water  and  the  ayailable 
head.  By  glying  the  flumes  cprrect  proportions,  the 
ayailable  head,  and  consequently  the  amount  of 
power,  that  can  be  obtained  with  a  giyen  quantity 
of  water  may  be  the  same  in  one  case  as  in  the  other, 
(c)  Under  good  conditions,  the  smallest  flume  that 
could  be  made  to  frimiBh  100  H.  P.  under  the  condi- 
tions named  would  be  about  22  In.  in  diameter. 
With  such  a  pipe,  the  ayailable  head  at  the  wheel 
would  be  only  two-thirds  of  the  total  head  and  more 
than  45  cu.  ft.  of  water  per  sec.  would  be  required. 
It  is  doubtfhl  whether  a  Pelton  wheel  could  be  used 
to  adyantage  under  such  conditions.  Regarding 
this,  we  would  adylse  you  to  consult  the  makers. 


(163)  (a)  Please  inform  me  what  the  difRarence  is 
between  high-  and  low-pressure  boilers,  (b)  U  the 
engine  the  same?  M.  B.  S.,  Becket,  Mass. 

Am.— (a)  We  do  not  know  of  any  definite  line  of 
distinction  between  a  high-  and  a  low-pressure 
boiler.  A  boiler  used  for  generating  steam  at  a  low 
pressure,  say  10  lb.  per  sq.  In.,  for  heating  purposes 
is  often  called  a  low-pressure  boiler.  A  boiler  in 
which  steam  is  generated  at  yery  high  pressures  for 
compound  or  triple-expansion  engines  Is  essentially 
a  high-pressure  boiler.  One  in  which  the  pressure  is 
more  than  would  be  safe  for  a  boiler  commonly  used 
in  house  heating  would  be  a  high-pressure  boiler 
when  compared  with  the  heating  boiler,  and  a  low- 
pressure  boiler  when  compared  with  one  used  for 
,  generating  steam  at  the  high  pressures  sometimes 
used  in  locomotiyes  or  triple-expansion  marine 
engines.  (5)  Compound  or  triple-expansion  engines 
are  most  often  used  in  connection  with  high  steam 
pressures.  With  high  pressures  the  yarious  parts  of 
the  engine  must,  of  course,  be  made  stronger  than 
would  be  necessary  with  lower  pressures. 


(164)  (a)  Please  explain  the  diflbrence  between 
a  dynamo  and  a  motor.  (6)  What  will  keep  crank- 
pins  from  gettingbot,  and  also  keep  them  from 
knocking?  (e)  what  is  a  good  compound  for 
cleaning  lubricators?  (d)  Is  coal  oil  a  good  scale 
preyenaye?  R.  M.  T.,  Logan,  Ore. 

Ahb.— (a)  There  is  yery  little  diflbrence  between  a 
dynamo  and  a  motor.  The  difference  is  more  In  the 
nature  of  their  action  than  in  their  mechanical  con- 
struction; in  fisct,  the  same  machine  may  be  used  as  a 
dynamo  or  as  a  motor.  In  the  case  of  a  dynamo,  the 
machine  is  run  by  means  of  a  belt,  and  the  energy 
supplied  from  the  steam  engine  or  other  source  of 
power  is  conyerted  into  electrical  energy.  In  the 
case  of  the  motor,  electricity  is  supplied  to  the 
machine  from  some  outside  source,  and  this  elec- 
trical energy  reappears  in  the  form  of  mechanical 
energy  at  the  pulley.  (5)  Haye  eyerything  in  line 
and  "square,"  and  the  brasses  well  together.  See 
that  the  oU  hole  is  clear,  and  that  there  is  free  and 
suflicient  lubrication.  Use  a  good  quality  of  oil,  and 
giye  the  pins  the  right  amount  of  freedom  on  the 
sides,  (e)  Put  the  lubricator  in  a  bath  of  lye  and 
hot  water;  afterwards  rinse  the  lubricator  well  in 
clean  water,  (d)  Yes;  use  it  in  moderation,  inject- 
ing it  with  the  feedwater.  If  you  use  too  much  you 
will  cause  foaming. 
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(165)  In  the  accompanying  illustration,  (a)  ahowt 
the  elevation,  and  (6)  the  plan  of  a  small  steam  boiler 
made  for  the  purpose  oi  thawing  frozen  pipes  by 
injecting  steam  into  them  througn  a  small  flexible 
tube.  I  set  this  boiler  oyer  my  plumbers'  furnace 
and  keep  up  8  lb.  of  steam  with  a  ^loch  valve  wide 

open.  The  boiler  is 
made  of  galvanised 
sheet  iron  soldered 
together,  and  I  am 
afraid  of  it,  although  I 
have  had  it  tested  with 
40  lb.  water  pressure. 
I  would  like  io  know 
whether  I  can  make 
one  out  of  copper,  as 
the  solder  does  not 
stick  well  to  iron.  I 
—  ^-^^y^c/^mr^ /„  want  the  copper  one 
i  !  1  ]  ?,  f  I  ay/»f*  *••»»  to  Stand  about  20  lb. 
without  danger  of 
bursting.  Would  a 
boiler  the  same  size  as 
this,  if  made  from 
8-inch  iron  piping  and 
caps,  work  as  wen  and 
keep  up  steam  as  well 
as  the  sheet-iron  one  I 
now  have?  8.  P., 
Stoughton,  MasL 
AK8.— You  can  easily 
make  a  good  boiler  out 
of  20-os.  copper  that 
will  stand  a  fair 
p^t^,s»0m  amount  of  rough 
usage,  and  will  work 
well,  provided  you  do 
not  let  the  water  get 
too  low  and  thus  burn  the  soldered  seams.  We 
would  advise  you,  however,  to  look  every  one 
of  your  seams,  rivet  them  and  solder  them  as  well, 
and  then  there  will  be  very  little  UabiUty  of  an 
explosion  with  a  20-lb.  pressure.  We  do  not  think 
it  advisable  for  you  to  make  the  boiler  from  8-inch 
iron  pipe  and  caps,  because  it  would  not  only  cost 
too  much,  but  would  be  altogether  too  heavy  for 
handling,  and  no  doubt  its  weight  would  smash  your 
flre-pot.  It  does  not  matter  what  materials  you 
make  your  boiler  of,  but  you  must  always  remember 
to  place  a  safety  valve,  a  pressure  gauge,  and  try- 
oocks  on  the  boiler,  otherwise  your  life  will  be  in 
danger  all  the  time  you  are  working  it. 

* 
♦  » 

(166)  In  SciBMCE  AKD  IKDUSTBY,  November,  1899, 
Answers  to  Inquires,  No.  290,  it  is  stated  that  the 
distance  between  the  cylinder  head  and  the  piston 
of  a  gasoline  engine  when  the  charge  is  compressed 
should  be  2}  in.  (a)  What  would  be  the  result 
if  the  distance  were  U  in.  7  (6)  Would  it  have  twice 
the  power?  J.  H.  8.,  Canton,  Ohio. 

Ams.— (a)  The  charge  would  be  compressed  to 
about  i  of  its  original  volume,  instead  of  about 
i,  as  was  the  case  in  the  answer  referred  to.  As 
a  result,  the  pressure  at  the  end  of  compression 
would  be  about  187  lb.  per  sq.  in.  (b)  It  is  doubtful 
whether  the  power  would  be  increased  to  any  great 
extent.  Experience  shows  that,  taking  all  things 
into  consideration,  compressing  the  charge  to  about 
I  of  its  original  volume  gives  more  satis&ctory 
results  than  would  be  obtained  If  the  compression 
were  greater. 


(167)  If  any  supply  pipe,  filled  with  Croton  water 
and  having  both  ends  capped  so  that  there  is  no 
circulation  of  water  In  the  pipe,  is  placed  in  the 
bottom  of  a  salt-wat  er  river  (at  a  depth  of  40  to  60  ft. ), 
when  the  temperature  of  the  atmosphere  is  at  sero, 
will  the  action  of  the  salt  water  cause  the  fresh  water 
in  the  pipe  to  freeze?  D.  J.  D.,  New  York  City. 

Amb.— Whether  or  not  the  fresh  water  in  the  pipe 
will  be  frozen  depends  on  whether  the  currents  In  the 


river  are  such  that  water  at  a  temperature  below 
freezing  is  carried  to  the  bottom  in  contact  with  the 
submerged  pipe. 

♦*♦ 

(168)    (a)  How  are  electric-car  axles  straightened? 
(b)  Do  you  know  of  any  device  for  doing  this  work? 
W.  H.  M.,  Akron,  Ohio. 

Anb.— (a)  If  the  shaft  is  very  badly  bent,  It  will  be 
a  difficult  matter  to  get  it  back  to  Its  former  condition. 
If  the  shaft  is  only  sprung,  heat  it  red  hot  and 
mount  it  between  the  centers  of  a  heavy  lathe;  tpin 
the  shaft  and  mark  the  high  parts  with  chalk.  By 
prying  up  against  the  high  parts  of  the  shaft  with  a 
lever  it  may  be  straightened.  If  you  have  a  hydraa- 
llc  press  at  hand,  the  bend  might  be  taken  out  with 
the  axle  cold.  It  is,  however,  best  to  do  the  straight- 
ening in  a  lathe,  because  you  can  then  tell  when  the 
shaft  is  true  by  revolving  it  {b)  We  do  not  know  of 
any  device  made  specially  for  this  work. 

♦ 
*  * 

(189)  Can  electricity  be  used  for  heating  purpoaes, 
and  if  so,  how?  A.  D.,  Purisnma,  Gal. 

AMB.— Electricity  is  quite  extensively  employed  at 
the  present  time  both  for  heating  and  cooking 
purposes.  For  heating  a  room  or  a  street  car,  wire 
resistance  coHs,  wound  in  spiral  form,  are  supported 
on  insulators  and  heated  by  pasting  current  through 
them.  Some  forms  of  heaters  are  made  by  embed- 
ding resistance  wires  in  enamel  on  the  back  of  an 
iron  plate.  When  the  wires  are  heated  by  the 
passage  of  the  current,  the  iron-plate  surface  acts 
as  a  radiator. 

(170)   What  Is  the  tensUe  strength  of  (a)  cast  iron, 
(6)  copper,  and  (c)  bronse?     „    ^„  ^  ,  ^,    ^ 
J.  B.  R.,  Philadelphia,  Pa. 

Asa— (a)  Ordinary  cast  iron  varies  in  tensile 
strength,  the  usual  range  being  from  16.000  to  20,000 
lb.  per  sq.  in.  Special  grades  have  higher  strengths, 
the  highest  being  what  is  sometimes  known  as 
gun  iron,  which  may  have  a  tensile  strength  as 
high  as  85,000  lb.  per  sq.  in.  (&)  Cast  copper  has  a 
tensile  strength  of  about  26,000  lb.  per  sq.  in.  When 
rolled,  lU  tensile  strength  is  about  80,000  lb.  per 
sq.  in.,  while  hard-drawn  wire  may  have  a  strength 
of  60,000  lb.  per  sq.  in.  (e)  The  word  bronae  is 
applied  to  a  great  number  of  diffierent  alloys  having 
widely  dilTerlng  properties.  Among  the  records  of 
tests  of  bronze  that  we  have,  the  highest  tensile 
strength  given  is  44,071  lb.  per  sq.  in.  This  is  fbr 
an  alloy  of  copper  and  tin  in  the  respective  pro- 
portions of  85.71  and  14.29.  Various  proportions  of 
the  two  metals  give  strengths  varying  from  the  above 
down  to  less  than  2,000  lb.  per  sq.  in. 


(171)  (a)  What  should  be  the  length  and  diam- 
eter of  the  large  end  of  a  horn  that  will  have  a  range 
of  4  or  5  miles  in  good  weather?  (6)  How  can  I 
make  the  horn  out  of  old  newspapers  and  wire  for 
the  ribs  ?  (e)  Can  I  use  it  on  a  phonograph  ?  (d)  Since 
the  intensity  of  the  heat  from  the  sun  varies  as  the 
square  of  its  distance,  why  does  It  not  melt  the  ice 
around  the  poles  of  the  planets  that  are  near  the 
sun  ?  8.  T.,  Houston,  Texas. 

Ans.— (a)  A  horn  that  will  have  a  range  of  about 
2  miles  should  be  7  feet  long  and  8^  feet  in  diameter 
at  the  large  end.  We  doubt  whether  one  with  a 
range  of  4  miles  can  be  made.  Use  two  horns,  one 
to  speak  into  and  the  other  as  an  ear  trumpet. 
You  might  make  larger  horns,  preserving,  however, 
the  same  rate  of  taper  or  slant  per  foot  as  in  the 
above  horn.  (6)  Having  given  yon  the  dimensions, 
you  ought  to  be  able  to  devise  the  wire  frame  your- 
self. Hard,  smooth  wrapping  paper  would  be  mnch 
superior  to  old  newspapers,    (c)  Yes;  but  you  will 
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not  get  M  good  remits  ai  with  the  regular  tin  or 
bnuB  horns,  (d)  Becaose  the  rays  ftom  the  son 
strike  the  polar  regions  at  a  very  obliqae  angle,  bat 
along  the  eqnatOT  they  strike  perpendicularly;  con- 
seqnently,  fewer  rays  fall  upon  each  square  foot  of 
sorfkce  and  lev  heat  is  imparted  per  square  Ibot 
at  the  poles  than  at  the  equator.  Furthermore,  the 
number  of  rays  per  square  foot  striking  the  polar 
regions  of  a  planet  near  the  sun  may,  on  account  of 
the  oblique  angle,  actually  be  less  than  the  number 
that  strikes  the  equatorial  regions  of  a  planet  much 
farther  ftom  the  sun. 

(172)  The  chord  of  a  circular  arc  is  28  ft.,  and  the 
length  of  the  arc  is  80  ft.  (a)  What  is  the  diameter 
of  the  circle  T  (&)  What  is  the  area  of  the  segment  7 
(e)  What  Is  the  altitude  of  the  sctfrmentT 

C.  8.  B.,  Paisley,  Ore. 

AiC8.~(a)  46.947  ft.    (6)  88.822  sq.  ft.    (e)  4.882  ft. 


an  induction  ooU  that  formerly  worked  well  on  one 
cell  of  battery,  but  after  a  short  time  it  ceased  to  work 
properly.  I  nave  rewound  it,  but,  running  with  two 
cells,  it  does  not  give  satisfaction.  Please  explain 
the  probable  cause.  A.  P.  R.,  Harrisburg,  Pa. 

Akb.— (a)  If  both  motors  are  of  the  same  design 
and  sise.  each  motor  should  take  half  of  the  total 
load.  If  the  magnetic  qualities  of  the  fk-ames  of  the 
motors  yary,  the  load  may  be  divided  unequally 
between  the  motors,  (b)  With  a  voltmeter,  measure 
the  voltage  at  the  terminals  of  each  motor.    Then, 


(178 
cells  1 


J  178)  Please  state  the  number  of  prlmary-batterr 
Is  that  will  be  required  to  operate  the  medical 
coil  described  in  Sczxncb  amd  industry,  January, 
1900,  Answers  to  Inqiiiries.  No.  888. 

J.  McL..  Bryson,  Quebec,  Canada. 
Amb.— Two  or  three  cells  of  dry  battery  will  be 
enough  to  operate  the  coil. 

(174)  (a)  What  is  the  method  of  calculating  the 
correct  carrying  capacity  and  resistance  per  step 
of  an  8-step  speed  controller  for  a  76  H.  P.  220-vort 
series  motor?  (6)  What  book  contains  information 
in  regard  to  deogn  and  construction  of  rheostats?  * 
T.  M.  B.,  Cleveland,  Ohio. 

Am.— (a)  In  calculating  the  carrying  capacity  of 
a  speed  controller,  it  is  necessary  to  determine  the 
load  in  amperes  that  the  controller  must  carry  at 
the  range  of  speed  desired.  If  the  speed  varies 
directly  as  the  load,  and  the  amperes  in  the  armature 
remain  practically  constant  from  fbll  speed  to 
half  speed,  the  rheostat  throughout  must  be  designed 
to  carry  the  maximum  current.  Take  a  75  H.  P. 
220-TOlt  motor  with  a  load  of  225  amperes.  A 
No.  8  Washburn  &  Ifoen  .244-inoh  gauge  galvanised- 
iron  wire  will  carry  68.8  amperes;  4  wires  in  multiple 
will  carry  4  X  68.8  ->  255  amperes.  To  have  a  droit 
of  voltage  on  the  controller  of  110  volts,  a  total 
resiatance  of  .48  ohm  should  be  used;  .48X255 
«  109.6  Tolts  lost  in  the  controller,  which  is  half  of 
the  line  voltage.  The  motor  will  now  be  running 
at  110  volts,  and  therefore  at  about  half  speed  if  the 
controUer  resistance  is  all  in.  With  all  the  steps 
of  the  same  resistance,  .48  +  8  —  .064  ohm  is  the 
resistance  of  each  step.  A  No.  8  W.  &  M.  galvanised- 
iron  wire  has  a  resistance  of  1  ohm  for  645  it  Each 
step  consists  of  4  coils  in  multiple;  this  gives  a 
length  of  645  X  .054  X  4  »  189  ft.  for  each  coil  in  a 
step.  There  will  be  4  coils  in  multiple,  each  189  ft. 
long  in  every  step.  The  resistance  coils  wound  in 
spiral  form  may  be  placed  in  a  strong  fhimework 
made  of  iron  water  pipe,  and  should  be  carefhlly 
insulated  from  each  other  and  flrom  the  fhtme. 
The  contact  head  may  be  mounted  on  top  of  the 
firamework  or  placed  on  the  switchboard  with  cables 
leading  to  the  resistance  box.  Instead  of  wire,  strips 
of  iron  or  other  high-resistance  material  may  be 
used,  also  cast  resistance  plates.  (5)  We  do  not 
know  of  any  book  treating  solely  on  the  design 
and  construction  of  rheostats. 


(175)  (a)  If  two  220-volt  motors  are  connected  in 
series  and  placed  across  a  500>volt  circuit,  will  each 
motor  take  half  of  the  load  ?  (b)  If  the  two  220-volt 
motors  in  series  take  160  amperes,  how  can  the  H.  P. 
of  each  motor  be  calculated  t  (e)  When  two  500-volt 
motors  are  in  series  across  a  500-volt  circuit,  will  No.  1 
motor  do  the  greater  part  of  the  work?    {d)  I  have 


volts  of  No.  1  motor  X 160  amp^es 
746 


H.  P.  of  No.  1 


motor; 

No.  2  motor,    (e) 


H.P.Of 


volts  of  No.  2  motor  X 160  amperes 
746 
If  both  motors  are  of  the  same 
design  and  sise,  and  their  magnetic  properties  are 
the  same,  or  nearly  so.  No.  1  motor  should  not  do  a 
larger  share  of  the  work  than  No.  2  motor.  Bach 
motor  should  take  care  of  half  of  the  total  load, 
(d)  It  would  seem  that  the  coil  might  have  absorbed 
moisture,  which  would  act  as  a  partial  short  circuit 
of  the  turns  of  wire  in  the  secondary  coil.  IX)ok 
careftdly  at  the  conditions  of  the  connections  of  the 
coll  and  the  contact  maker,  and  then  examine  the 
strength  of  the  cells.  Bake  out  the  coil  to  dispel 
the  moisture. 

»*♦ 

(176)  (a)  Please  illustrate  and  describe  the  best 
method  of  erecting  sheet-iron  smokestacks  flrom  80  to 
100  ft.  in  hei^t  (5)  Show  the  best  method  of  lacing 
belts.  L.  B.  B.,  East  Plymouth,  Ohio. 

Amb.— (a)  A  comprehensive  answer  to  this  ques- 
tion will  xequire  more  space  than  we  can  give  it  in 
these  columns,  (b)  People  differ  a  great  deal  in 
their  ideas  as  to  which  method  Is  the  best.  We 
illustrate  one  that  we  have  tried  on  belts  as  wide  as 
10  in.  and  found  entirely  satisfkctory.  In  the  figure, 
£  is  the  sidelof  the  belt  next  to  the  pulley.    Draw 


i^VvHv\A/VVV|       i^UAAAAVV 


^tH 


WlWW*^ 


the  lacing  half  way  through  hole  i,  then,  for  the 
left-hand  side,  pass  the  lacing  through  2, 5.  u,  5,  6, 7, 
A,  5,  f ,  5.  Lace  the  right-hand  side  in  the  same  man- 
ner. For  a  6"  belt,  use  7  holes  in  each  end,  4  in  the 
row  nearest  to  the  end.  For  a  10"  belt,  use  9  holes. 
Thefedge  of  the  holes  should  not  be  nearer  than  |  in. 
to  theTedge  of  the  belt;  the  first  row  should  not  be 
nearer  than  |  in.  to  the  end  of  the  belt  and  the 
second  row  should  be  at  least  I  in.  tram  the  first. 
* 
*  » 

(177)  Is  there  any  way  by  which  I  can  tell 
whether  an  arc  lamp  used  for  street  lighting  is  siving 
2,000  candlepower  or  lees?   W.  H.  M..  Boston,  Mass. 

Akb.— The  term  t,000  candlepower,  as  applied  to 
an  ordinary  arc  lamp,  isl  misleading.  As  a  matter 
of  fact  an  ordinary  arc  lamp  gives  about  500  candle- 
power.     A  80-calIed   2,000-candlepower  arc  lamp 


Digitized  by 


Google 


190 


AN8WEBS  TO  INQUIRIES 


i»  now  taken  m  one  that  conanmeB  4M  watta; 
L  e.,  if  the  product  of  the  current  flowing  through 
the  lamp  by  the  preHore  acroM  iti  termlnali  Is  450, 
the  lamp  is  np  to  the  required  standard.  In  fact, 
many  electric-light  companies  now  gnaiantee  to 
snpply  so  many  watts  per  lamp,  instead  of  stating 
that  the  lamps  will  he  of  2,000  or  1,200  candlepower. 
These  terms  were  originated  when  arc  lighting  first 
came  into  use,  and  when  very  little  was  known 
as  to  the  actoal  candlepower  of  the  arc.  Test  the 
lamps  with  an  ammeter  and  yoltmeter,  and  if  they 
show  a  oonsomptlon  of  460  watts,  they  may  be 
assumed  to  be  standard. 

(178)  The  accompanying  sketch  illustrates  the 
connections  of  an  electric  bell  on  the  first  floor,  (a) 
Can  another  bell  be  connected  above  B,  in  the  second 
story,  with  a  push  button  in  the  adjoining  room? 
(b)  Can  the  connections  be  so  made  that  when  the 
iMitton  on  the  second  story  is  pressed  it  will  ring  the 


the   hub  and   arms,  » 


where   W 


second-story  bell  only?  (e)  Will  two  cells  be  suffi- 
cient to  operate  these  beUsT  (d)  Please  glTe  titles 
of  some  good  books  on  electricity  and  ardutecture. 
W.  T.  O.,  St.  Louis,  Mo. 
Akb.— <a  and  ft)  The  dotted  lines  show  the  con- 
nections neoesnry  for  (he  additional  bell  and  push 
button.  The  wire  Dx  connects  from  the  push 
button  to  one  battery  wire,  and  the  other  line  kmn 
connects  from  the  bell  to  the  other  side  of  the  battery, 
(e)  Two  cells  should  be  sufficient  to  operate  the 
bfOls,  unless  your  lines  are  unusually  long,  (d) 
Fbr  works  on  electricity  we  can  recommend 
••  Elementary  Lessons  In  Electrlolty  and  Magnetism," 
by  Silvanus  P.  Thompson;  "Dynamo-Electric  Ma- 
chinery," by  Sllyanus  P.  Thompson;  "Electric 
Lighting,"  by  Crocker;  "  Electric  Transmission  of 
Energy,"  by  Abbott.  For  works  on  architecture  we 
can  recommend  "OwUt's  Encyclopedia  of  Architeo- 
ture,"  reylsed  by  WyaU  Papworth;  and  "The 
Arohiteef  s  and  Builder's  Pocketbook,"  by  Kidder. 
These  books  are  for  sale  by  The  Technical  Supply 
Co.,  Scranton,  Pa. 

.•» 

(179)  A  flywheel  connected  to  a  punching  preas 
runs  at  2S0  rey.,  is  W  outside  diameter,  and  4{K' 
Inside  diameter,  the  rim  weighing  1,280  lb.,  approxi- 
mately. What  pressure  on  the  tooth  of  a  pinion,  10^' 
In  diameter  and  keyed  to  the  flywheel  shaft,  will 
cause  a  retardation  of  not  more  than  20}(  of  the 
speed  of  the  wheel  7  F.  I.  E.,  Pittsburg,  Pa. 

Alts.— Ton  do  not  spedfy  the  length  of  time  within 
which  the  retardation  Is  to  take  place.  Call  this 
time  ( seconds;  let  P  »  pressure  on  pinion,  I  =  mo- 
ment of  inertia  of  flywheel,  and  r  »  radius  of 

Pr 
pinion  =  f  ft.   Then,  -.-  =  y,  where  y  is  the  angu- 

laa  retardation  per  second.  The  original  angular 
Telocity  U  ^  -  ■^,  where  N  =  number  of  revolu- 
tions per  minute.   After  t  seconds,  this  velocity  will 

be  reduced  by  20jt,  so  that  (  -  — ^  =     -^  - 
'       '^  y  60y 

,2X2  Nw  I        Nwl  "      ' 


Then,  P=^^. 


(a) 


flOPr  150Pr* 

The  moment  of  inertia  of  the  flywheel,  neglecting 


/  ^     -   2 

«  weight  Of  rim,  g  »  82.16,  B  »  outer  radius,  and 
JBi  »  inner  radius.     Substituting  values,   we  get 

82.16  ^         2  32.16  X  288         o"«w«*«"S 

this  value  of  Jin  formula  (a),  we  get 

!>_  _^0OO,M0X_6,001_  _  1 

150  X  f  X  <  X  32.16  X  288       '••'"•"'««  ^  f 

If  the  time  in  which  the  flywheel  would  slow  down 

20^  were  1  sec.,  the  pressure  P  would  be  6.512.0286  lb. 

In  a  punching  press,  all  the  work  is  done  practically 

in  one^oarter  of  a  revolution;  hence,  <  =  i  X  M 

«  .06  sec.    Then,  P  =  ^^^^^  ^  108,68S.81.  or  54} 
.Ub 

tons,  nearly. 

* 
«  * 

(180)  I  would  Uke  to  know  how  to  estimate  the 
sise  and  spacing  of  the  hoops  for  any  slse  wooden 

cylindrical  water  tank.  Is  there 
any  way  of  figuring  the  strain 
produced  by  the  swellinff  of  the 
wood  when  the  tank  is  filled  ? 
A.  M.,  Pawtucket,  R.  I. 
Amb.— The  pressure  on  any 
point  in  the  tank  in  lb.  per  sq. 
in.  is  equal  to  the  depth  In  feet 
of  water  above  the  point  in 
question  multiplied  by  .48.  The 
bursting  pressure  at  any  seo- 
tlon  of  the  tank,  considering  1 
in.  of  height,  is  equal  to  PX  £. 
where  P  «  pressure  in  lb.  per  sq.  in.,  and  JR  »  radius 
of  tank  in  inches;  the  dimensions  of  the  hoops 
are  assumed,  and  their  tensile  strength  calculated 
by  multiplying  the  net  sectional  area  by  the  unit 
tensile  strength  of  the  material.  For  instance, 
assume  that  round  wrought-iron  hoops  |  in.  in 
diameter  at  the  least  section  are  to  be  used;  the 
sectional  area  of  these  hpops  is  then  .44  sq.  in.;  and, 
as  the  safe  unit  tensile  stress  that  wrought  iron  will 
sustain  is  approximately  10,000  lb.,  each  hoop  will 
carry  .44X10,000,  or  4,400  lb.,  with  safety.  If  the 
tank  under  consideration  contains  15  ft.  of  water, 
the  pressure  at  the  bottom  is  equal  to  .48X16,  or 
6.45  lb.  per  sq.  in.:  and  if  the  tank  Is  90  ft  in 
diameter,  the  bursting  pressure  for  a  space  of  1  In. 
tmm  the  bottom  is,  according  to  the  Ibrmula, 
PX  J2  -  6.46X180,  or  1,161  lb.  The  bottom  hoop 
will,  therefore,  provide  for  the  lower  4  In.  of  the 
tank.  The  next  hoop  can  be  figured  in  the  same 
manner,  reducing  the  pressure  due  to  4  in.  lees  in 
the  depth  of  the  water.  The  increased  stress  created 
by  the  swelling  of  the  wood  in  the  tank  can  hardly 
be  made  a  subject  of  calculation,  and  the  fluster 
of  safety  used,  which  in  the  preceding  example 
is  ftom  4  to  5,  will  provide  for  this. 

*  » 

(181)  (a)  Can  you  recommend  a  book  that  con- 
tains orawings  of  stationary,  locomotive,  and  marine 
engines  and  oollers,  from  which  I  could  make  tra- 
dnigis  and  blueprints  for praetioe  work?  (ft)  Are  there 
any  restrictions  on  making  blueprint  paper  by  the 
method  described  in  the'^echanics'  »>cket  Memo- 
randa "  T  J.  F.  D.,  Boston,  Mass. 

Ana.— (a)  We  do  not  know  of  any  single  book  that 
contains  drawings  suitable  for  tracings  of  the  three 
difTerent  classes  of  en^es.  Most  of  the  drawings 
published  in  books  are  made  to  such  a  small  scale  ss 
to  make  the  work  of  tracing  them  rather  difficult 
The  following  are  probably  as  good  as  any  that  can 
be  found:  For  stationary  work,  "A  Treatise  on 
Steam  Engines,"  by  Arthur  Rlgg,  price,  HO;  for  loco- 
motives, "  Modem  Locomotives,"  by  Barnes  A  Whit> 
ridge,  price,  87;  for  marine  engines,  "  Modem  Ameri- 
can Marine  Engines,"  by  Emory  Edwards,  price,  15. 


Digitized  by 


Qoo^^ 


ANSWERS  TO  INQUIRIES 


191 


Any  of  these  boolu  can  be  obtained  flrom  The  Tech- 
nical Supply  Co.,  Scranton,  Pa.  (b)  No.  Any  one  ii 
at  liberty  to  use  tbla  procen. 

.•• 

(182)    (a)  What  1«  the  comparatlTe  strength  of  the 
""  ncnonsl: 


two  systems  of  floor  oonstnic 


1  shown  in  tne  accoin- 


panymg  sketch?   In  Fig.  (a)  the  floor  is  composed 
-         ■*•*  I  of  1-incn  r       "   *  " .- 


of  two  thickne 


L  boards  laid  so  as  to  lap 


joints,  and  the  system  shown  in  Fig.  lb)  is  formed 

'    2-inr"      •     -- 


of  2>inch  planks 
grooved  and  fitted 
together  with 
tongues  as  desig- 
nated. (5)  WhOi 
will  be  the  more 
durable  as  a  driye- 
way  for  heavy 
wagons?  (e)  A 
number  of  shingle 
rooft-pnt  on  8  or  4 
years  ago  with 
'-wire  1 


rb)' 


steel-i 

have  had  to  be  re- 
newed because  of 
the  nails  rusting 
off.  Do  all  steef- 
wire  nails  rust  so 


quickly,  and  are  wrought  nails  better  in  this  respect? 

(d)  Is  there  any  process  in  manufacturing  steel-wire 
nails  that  subjects  them  to  liability  of  corrosion  ? 

J.  B.  M..  Nova,  Ohio. 
AMB.— (a)  The  floor  in  Fig.  (6),  if  weU  naUed.  is 
within  80^  as  strong  as  that  shown  in  Fig.  (a).  (5) 
The  floor  formed  of  the  two  layers  of  planking,  as 
designated  in  Fig.  (a),  is  more  durable,  because 
when  the  top  layer  wears  out  it  can  be  renewed,  the 
under  layer  having  been  unimpaired.  We  would, 
however,  suggest  that,  if  the  loads  are  heavy,  a 
2-  or  8-inch  rough  plank  flooring  be  used,  with  1^  or 
2-lneh  top  flooring,  (c)  The  rusting  of  nails  holding 
shingles  In  place  is  due  to  capilli^  attraction,  the 
nails  by  this  action  drawing  water  to  them.  Wrought 
nails  seem  to  be  better  for  this  purpose,  as  their  sur- 
ikoe,  on  which  more  or  lees  of  a  skin  has  been  formed, 
seems  to  be  more  impervious  to  rust  than  that  of 
steel-wire  nails,  (d)  As  you  suggest,  the  process 
employed  in  making  the  nails  might  have  consider- 
able to  do  with  the  relative  values  in  resisting  cor- 
rosion. For  instance,  wire  nails  after  being  formed 
are,  we  understand,  pickled  in  an  add  to  clean  and 
brighten  them.  This  pickling  process  might  have 
something  to  do  with  their  subsequent  rapid  deteri- 
oration. We  are,  however,  not  prepared  to  state 
positively  in  regard  to  this. 
* 
»  « 

(188)  (a)  I  have  a  piece  of  platinum  wire  2  in. 
long  that  I  want  to  use  for  igniting  gunpowder. 
Oonld  you  give  me  directions  for  making  the 
simplest  and  smallest  form  of  battery  to  heat  the 
same?  The  wire  is  No.  18  B.  &  8.  gauge,  (b)  WiU 
the  wire  become  hot  by  a  tap  on  a  push  button? 

(e)  What  kind  of  acid  Is  used  to.  solder  platinum 
wire  to  copper  wire?  F.  L.,  Clhicago,  111. 

Akb.— (a)  We  would  advise  you  to  take  this 
platinum  wire  to  a  jeweler  and  have  it  drawn  dovm 
to  about  No.  28  or  80  B.  &  8.  It  will  take  too  much 
current  to  heat  a  No.  18  wire.  Use  two  or  three 
cells  of  dry  battery  to  heat  the  wire.  A  battery 
of  the  type  used  to  operate  small  electric  bicycle 
lamps  would  answer  very  well,  (b)  The  button 
would  have  to  be  pressed  for  a  short  Interval  to  give 
the  wire  time  to  become  hot,  but  if  the  wire  were  very 
line,  it  would  heat  up  almost  instantly,  (c)  The 
best  way  to  fasten  platinum  wire  to  copper  wire 
is  not  by  soldering,  but  by  fhsing  the  end  of  the 
copper  wire  and  sticking  the  end  of  the  platinum 
into  the  molten  bead  of  copper  that  forms  on  the 
end  of  the  copper  wire.  You  can  easily  ftise  the  end 
of  the  small  copper  connecting  wire  (about  No.  20 
or  22  B.  d^  S.)  by  holding  it  in  the  edge  of  a  Bunsen 


flame.  As  soon  as  the  bead  forms,  stick  the  end  of 
the  platinum  into  it,  and  withdraw  the  joint  flrom 
the  flame.  The  two  wires  will  then  be  flrmly  con- 
nected together. 

.   »•• 

(184)  We  have  a  85  H.  P.  water-bottom  cast-front 
semlportable  boiler  (locomotive  type)  that  does  not 
ftmiish  steam  enough  for  our  purpose.  As  a  remedy 
I  have  suggested  walling  the  boiler  in  with  a  ftimaee 
under  the  waist,  and  permitting  the  hot  gases  to  pass 
back  under  the  water  bottom,  thence  through  the 
present  front  of  the  flrebox  to  the  tubes,  thus  con- 
verting it  into  an  extemally-flred  return-tubular 
boiler,  (a)  Do  you  think  this  plan  would  be  feasi- 
bly? (6)  How  much  would  be  sained  in  steaming 
capacity  by  the  change?  {e)  Please  give  me  some 
directions  for  the  proportions  to  make  the  passages, 
etc.  (d)  Oould  I  use  the  present  frimace  flttlngs  and 
grates?  The  fbel  used  is  green  slabs  with  some  dry 
wood.  B.  B.  P.,  Elton,  Qa. 

Am.— (a)  While  such  a  scheme  would  doubtless 
give  you  quite  an  increase  in  the  steam-making 
capacity  of  your  boiler,  we  do  not  think  it  is  to  be 
recommended.  It  would  be  difficult  to  properly 
inspeat  and  care  for  the  water  legs  and  bottom,  and 
considerable  extra  care  would  be  necessary  to  pre- 
vent overheating,  and  to  guard  against  the  serious 
danger  of  explosion.  We  think  most  boiler  insure 
ance  and  inspection  companies  would  object  to  a 
setting  such  as  yon  suggest.  (6)  From  your  descrip- 
tion and  sketch  it  is  difficult  to  make  an  estimate  of 
the  probable  gain.  Although  there  would  be  a  con- 
siderable increase  of  heating  sur&ce,  the  heating 
surface  of  the  flrebox  and  tubes  would  be  much  lesi 
eOtetive  than  it  now  is.  (e)  We  would  advise  ma- 
king the  frimace  as  wide  as  the  outside  of  the  present 
shell,  and  long  enough  to  penult  slabs  at  least  6  A. 
long  to  be  flred.  To  connect  the  Airnace  with  the 
present  firont,  the  area  of  the  passages  should 
nowhere  be  lees  than  the  area  of  the  stack.  Great 
care  should  be  exercised  to  provide  for  Inspection 
of  all  parts  of  the  shell.  The  blow-off  connection 
should  be  moved  from  its  present  position  to  the  oppo- 
site end  of  the  water  bottom,  (d)  The  present  cast- 
iron  front  could  be  used.  It  would  probably  be 
better  to  use  larger  grates  than  you  now  have. 

••• 

(185)  We  have  had  a  number  of  complaints  regis- 
tered at  our  club,  stating  that  the  shower-bath  floor 
is  disagreeably  cold,  owing  to  the  fact  that  the 
bath  is  not  used  continually.  The  floor,  which  is 
cemented  at  present,  does  not  have  a  chance  to 
become  properly  warmed.  A  wooden  rack  placed 
on  the  floor  to  stand  upon  was  found  very  unsatis- 
factory, on  account  of  our  inability  to  keep  it  sweet 
and  clean.  Wood  Is  absorbent,  and  is  capable  of 
taking  in  germs,  which  cannot  be  washed  off.  (3an 
you  suggem  anything  that  will  fdve  more  satisfactory 
results?  C.  P.  A.,  Buflklo,  N.  Y. 

Ams.— If  your  club  can  afibrd  to  lay  the  bathroom 
floor  with  interlocking  rubber  tile,  as  manvfoctured 
by  the  New  York  Belting  and  Packing  Co..  25  Park 
Place,  New  York,  you  will  get  not  only  a  warm  floor 
but  a  non-absorbent  and  waterproof  floor.  This 
material,  we  believe,  will  be  very  satisfketory, 
provided  it  is  not  deluged  with  scalding  hot  water, 
which  is  most  unlikely  in  a  bathroom.  We  would 
advise  you  to  communicate  with  these  people.  Oork 
mats  are  often  used  to  step  on,  when  coming  out  of 
a  bath,  but  they  are  not  non-absorbent,  and  may 
retain  disease  germs. 

•♦• 

(186)  Kindly  explain  why  the  Induced  current 
from  a  Ruhmkorff  coil  does  not  set  up  lines  of  force 
so  as  to  be  able  to  magnetise. 

C.  G.  A.,  Kingston,  Jamaica. 
Ams.— If  the  current  from  a  Ruhmkorff  ooU  is  sent 
around  an  ordinary  electromagnet,  the  magnetising 
efliMt  produced  will  be  very  weak,   because  the 
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current  famlBhed  by  the  ooil  ia  exceedingly  small  in 
TOlome;  oonieqaently,  the  ampere-tami  tet  np  are 
Yery  imall.  Moreoyer,  the  corrent  ftimighed  hy  the 
ooil  is  alternating,  so  that  whateyer  magnetizing 
efltect  there  might  be  would  be  periodically  reyersed, 
thus  greatly  reducing  the  power  of  the  magnet  to 
attract  or  hold  an  armature. 


(187)  (a)  Where  can  I  get  a  book  on  steam  boilers 
and  steam  pumps T  (Pj  How  can  it  be  kno¥m 
whether  there  is  a  break  in  a  force  line,  and  how  can 
such  a  break  be  found?  (c)  What  is  grooving  in  a 
boiler  T  G.  J.  M.,  Olean,  N.  Y. 

Alls.— (a)  *'  Boilers  and  Furnaces,"  by  Wm.  Barr, 
price,  t3;  and  "  Pumping  Machinery,"  by  the  same 
author,  price,  15,  are  excellent.  They  may  be 
obtained  ftom  The  Technical  Supply  Co.,  Scranton, 
Fa.  (5)  We  do  not  know  of  a  method  by  which  it 
can  be  definitely  known  when  a  break  occurs  in  a 
long  force-pipe  line.  If  the  break  is  a  large  one  and 
near  the  pump,  its  exist- 
ence would  be  indicated 
at  once  by  a  drop  in  pres- 
sure in  the  line.  If  it  ia 
small  or  near  the  dis- 
charge end  of  the  line, 
the  drop  in  pressure  at 
the  pump  end  of  the  line 
might  not  be  great 
enough  to  show  that  a 
break  had  occurred.  We 
do  not  know  of  any 
method  for  finding  a 
break  except  to  examine 
the  line  for  leaks.  A  sud- 
den and  large  drop  in 
pressure  at  the  pump 
would,  howeyer,  be  an 
indication  that  the  break 
was  near  that  end  of  the 
line,  (e)  Qroovkng  ia 
generally  caused  by  the 
buckling  action  of  the 
plates  when  under  pres- 
sure. Thus,  the  ordinary  lap  Joint  of  a  boiler  distorts 
the  shell  slightly  ftom  a  truly  cylindrical  form,  and 
the  steam  pressure  tends  to  bend  theplatesat  the  joint. 
This  bending  action  is  liable  to  start  a  small  crack 
along  the  lap,  which,  being  acted  on  by  corrosiye 
agents  in  the  water,  soon  deepens  into  a  grooye,  as 
shown  in  the  figure.  The  mark  made  along  the 
seam  by  the  sharp  calking  tool,  when  used  by  care- 
less workmen,  is  almost  certain  to  lead  to  grooving. 
* 
«  « 

1(188)  (a)  Are  there  any  books  treating  on  the  sub- 
ect  of  expanding  and  beading  flues 7  (6)  Name  a 
'ew  threshermen's  papers  with  their  places  of  publi- 
cation, (e)  How  should  digett  (to  dissolye  in  the 
stomach)  be  pronounced?    (d)  uow  should  crank- 


are  worn  oyalT   They  cannot  be  removed.    («)  An 
engineer  claims  that  It  is  ecwier  to  make  steam  with 


. _      _        .     Is  such  a  claim  reason- 

able? (/)  How  can  long  skate  blades  be  hardened 
uniformly  without  waring?  {g)  How  are  small 
springs  tempered?  (A)  How  is  a  telegram  directed 
to  a  certain  office  when  there  are  many  offices  on  the 
same  line?  J.  T.,  Watson,  Minn. 

Amb.— (a)  We  do  not  know  of  any  book  that  deals 
exhaustiyely  with  this  subject.  Nearly  all  books  on 
steam  boilers  give  some  simple  directions  as  to  how 
the  work  should  be  done,  but  they  do  not  give  much 
practical  information.  The  best  information  on  the 
subject  with  which  we  are  acquainted  is  found  in 
an  article  in  "The  Locomotive,"  for  September,  1898. 
This  paper  is  published  by  The  Hartford  Steam  Boiler 


Inspection  and  Insurance  Go. ,  Hartford,  Conn.  If  the 
edition  is  not  exhausted,  yon  can  probably  get  a  copy 
ftom  the  publishers.  (6)  "The  American  Thresher 
man,"  Madison,  Wis.;  "  The  Thresher  World,"  Milan, 
Ohio;  "The  Threshermen's  Review,"  Port  Huron, 
Mich,  (c)  Di-gettf,  with  the  soft  sound  of  g  and  the 
accent  on  the  last  syllable,  (d)  Some  repair  shops 
have  a  spedal  machine  designed  for  this  purpose,  by 
means  of  which  a  crankpin  or  wristpin  can  be  turned 
up  in  place.  In  general,  however,  they  are  made 
round  by  filing  them.  They  are  finished  by  draw- 
fUtng  with  a  very  fine  file,  and  in  good  work  are 
often  oilstoned  after  draw-filing.  («)  Our  experience 
in  burning  straw  has  been  too  limited  to  allow  ns  to 
express  a  deflniteopinion.  Reasoning  fh>m  analogy, 
however,  it  does  not  seem  probable  that  damp  straw 
should  give  out  more  heat  than  dry  straw.  (/)  There 
is  no  way  of  accomplishing  It  with  any  degree  of  cer- 
tainty. Work  of  this  character  is  usually  straightened 
after  hardening,  {g)  After  hardening  them  in  water 
they  are  thrown  into  an  iron  pot  containing  whale 
oil.  This  is  placed  on  a  blacksmith  fire  and  the  oil 
is  heated  untU  the  yapor  driven  off  ignites.  The 
springs  should  be  stirred  up  continually.  The  pot  is 
then  removed  fh>m  <he  fire  and  allowed  to  cool 
slowly.  We  have  used  this  method  for  tempering 
small  flat  springs,  in  lots  of  500,  and  obtained  excel- 
lent results.  (A)  Every  telegraph  office  has  a  name 
or  call,  which  consists  of  one  or  two  letters.  If  one 
office  desires  to  communicate  with  another  on  the 
same  line,  the  sending  operator  repeats  the  call  fbr 
the  office  desired  until  answered.  The  operator  at 
the  office  called  opens  his  key  and  replies  by  repeat- 
ing "I"  several  times,  and  signing  his  own  office 
call.  The  other  offices  on  the  same  line,  not  hearing 
their  own  call,  do  not  reply. 

♦% 

(189)  Is  there  any  process  by  which  blueprinting 
can  be  done  by  electric  light;  if  so,  does  it  require  a 
special  blueprint  paper?  H.  H.  a,  Erie,  Pa. 

AMB.— Blueprints  can  be  made  under  a  very  power- 
tal  arc  electric  light  If  the  Arame  is  placed  yery  dose 
to  the  luminous  arc.  The  exposure  is  from  5  to  20 
times  that  required  for  sunlight,  varying  according 
to  circumstances. 

•% 

(190)  (a)  Having  an  aasayer's  ordinary  soft-coal 
muffle  ftimace  (muffle  12^'  x  18"'  X  17").  what  Is 
the  best  method,  without  cupeUatloUjOf  separating 

Kid  firom  rich  sHidous  ores  (value  91.50  to  86  per 
,)?  Oive  amount  of  flux  to  use  to  1  pound  of  ore. 
(5)  Can  the  gold  values  in  high-grade  tellurium  ores 
be  saved  without  using  flux  requiring  cupellatlon? 
If  so,  kindly  state  hew  it  should  be  fluxed. 

a.  J.  S.,  Durango,  Ool. 
Ams.— (a)  In  the  case  of  a  rich  gold  ore,  such  as 
mentioned,  if  the  gangue  were  pure  silica,  the  metal 
could  be  obtained  by  melting  it  with  5  times  its  own 
weight  of  a  flux  composed  of  equal  pttfts  of  potassium 
and  sodium  bicarbonatea  There  would  be  some 
danger  of  small  globules  of  metal  not  separating 
properly  fh>m  the  large  mass,  and  it  would  be  better 
to  add  litharge  and  a  reducing  agent  and  then  cupel 
the  resulting  lead-gold  button.  Another  way  of 
recovering  any  globules  of  metal  tKurn  the  mass 
would  be  to  crush  it  and  pan  out  the  gold.  (5)  In 
the  case  of  a  high-grade  tellurium  ore,  the  tellurium 
can  first  be  driven  out  by  roasting  the  ore,  after 
which  the  ore  may  be  smelted  with  a  flux  like  that 
employed  in  case  (a),  though  in  this  case  there  will 
also  be  danger  of  lodng  small  globules  of  the  metal; 
hence,  it  is  usually  best  to  wash  out  the  gold  with 
lead  and  recover  it  by  cupeling.  Another  method 
of  separating  the  gold  ttom  the.  tellurium  ore  is  to 
roast  the  ore,  crush  it,  and  pan  out  the  gold. 
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0' 


^F  THE  many  problems  thmt  the  machin- 
ist meets  with  in  his  daUy  work,  those 
relating  to  catting  tai)er8  on  a  lathe 
occur  very  often;  and  they  seem  to  be  rather 
difficult  to  many  machinists,  jadging  from 
the  inqoiries  relatiye  to  them  that  we  receive 
from  oor  readers.  Henc^,  the  writer  offers 
the  following  as  a  contribution  to  the  literar 
tare  of  the  sabject 

First  of  aU,  let  as  consider  what  is  meant 
by  taper.  At  (a),  Fig.  1,  is  shown  a  wedge, 
the  end  of  which,  t«,  is  perpendicalar  to  tiie 
side  r  <.  The  side  t  r  is  said  to  iaper^  or  slope^ 
towards  the  side  rs.  At  (6)  is  shown 
another  wedge,  the  end  of 
which,  t8,  makes  eqoal  angles 
with  the  sides  rt  and  rs.  In 
£BCt,  if  this  wedge  were  cat 
along  the  dotted  line  rn  the 
result  woald  be  two  wedges  of 
the  same  size  as  shown  at  (a). 
At  (c)  is  shown  still  anotiier 
wedge,  which,  if  cat  along  the 
dotted  line  rriy  will  make  two 
wedges  12  inches  long;  one  be- 
ii:^  1  inch  digh  and  the  other  2  inches  high. 

It  is  castomary  to  designate  tapers  as  so 
many  inches  or  fractions  of  an  inch  per  foot, 
meaning  thereby  that  in  the  case  of  (a). 
Fig.  1,  if  a  point  s  be  laid  off  on  the  line  rs 
12  inches  from  the  point  r  of  the  wedge  and 
a  line  si  he  drawn  perpendicalar  to  r  8,  the 
length  of  tM  in  inches  will  be  the  taper  in 
inches  per  foot.  The  taper  of  the  wedge  ( a ) , 
¥ig.  1,  is  1}  inches  per  foot.  We  coald 
designate  the  wedge  shown  at  (b)  as  a  dovbU 
wedge  having  equal  tapers  of  1}  inches  per 
foot  and  that  shown  at  (c)  as  a  double  wedge 
having  tapers  of  1  inch  and  2  inches  per  foot, 
and  this  is  often  done.  In  practice,  how- 
ever, the  wedge  shown  at  (b)  is  usually 


Fie.i 


referred  to  as  a  wedge  having  a  taper  of 
3  inches  per  foot,  and  this  has  resulted  in 
more  or  less  confrudon,  as  wiU  be  presently 
shown. 

In  Fig.  2  is  represented  a  key,  the  top  sor- 
&oe  of  which  slopes  towards,  but  does  not 
meet,  the  bottom  surface.  To  find  the  tai>er 
we  draw  a  line  rs  parallel  to  a  &  and  another 
Une  ts  perpendicular  to  rs.  In  the  present 
case,  r  9  is  12  inches  and  tsisli  inches  long. 
Hence,  the  taper  is  1}  inches  in  12  inches,  or 
1}  inches  per  foot. 

In  Fig.  3  is  shown  a  rod  6  inches  in  diam- 
eter, which  has  been  turned  down  to  3 
inches  in  diameter,  the  length 
of  the  taper  being  12  inches. 
The  distance  st  =  s^t^  =  li 
inches  (the  lines  rs  and  r^s^ 
being  parallel  to  the  center  line 
of  the  rod ) .  How  shall  we  des- 
ignate the  taper?  It  would 
seem  better  to  designate  it  as  1} 
inches  per  foot,  but  the  common 
practice  in  shops  is  to  subtract 
the  diameter  at  the  smaU  end 
from  the  diameter  12  inches  from  it  and  call 
the  difference  the  taper.  The  taper  then 
becomes,  for  the  piece  shown  in  Fig.  3,  3 
inches  {>er  foot— just  twice  as  much  as  when 
tsoTt^yiB  measured.  The  case  is  analogous 
to  that  of  the  wedge  shown  at  (6)  in  Fig.  1, 
and  as  some  persons  designate  the  taper  one 
way  and  some  the  other,  much  confusion 
has  frequently  been  caused.  So  far  as  pieces 
turned  in  a  lathe  are  concerned,  it  has 
become  the  recognized  practice  to  calculate 
the  taper  by  the  following  rule,  which  will  be 
used  throughout  the  remainder  of  this  article: 
Bulk. — Divide  the  difference  inincJies  between 
the  diameters  at  the  large  and  small  ends  of  the 
taper  by  the  distance  between  the  ends  {measured 
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in  inches  parallel  to  the  axis)  and  multiply  the 
quotient  by  19,  The  resuU  is  the  taper  in  inches 
per  foot. 

For  example,  if  the  length  of  the  tai>er  is 
7i  inches,  the  diameter  at  one  end  ia  4i 


Fig.  2 

inches,  and  at  the  other  end  is  4ft  inches, 
the  difference  between  the  diameters  is 
4}i-4i  =  i}inch;  il  ^  7i  =  JJ-h  i^  = 
tt  X  A  =  A;  and  ^i^  X  12  =  il  =  J  inch. 
That  is,  the  taper  is  f  inch  per  foot. 

It  will  be  noticed  that  the  resnlt  of  the 
first  operation,  ^  inch,  is  the  taper  per  inch; 
hence,  if  it  is  desired  to  find  the  increase  or 
decrease  in  diameter  between  any  two  points 
on  a  taper,  we  multiply  by  the  distance 
between  the  points  selected  instead  of  by  12. 
Thns,  the  increase  in 
diameter  of  the  foregoing 
taper  between  two  points 
5  inches  apart  is  ^  X  6  = 
A  inch. 

Sappose  we  have  a  rod 
22  inches  long  and  1} 
inches  in  diameter,  and 
that  it  is  to  be  tapered  for 
the  first  8  inches  of  its 
length,  the  taper  to  be  | 
inch  per  foot;  what  will 
be  the  diameter  at  the  small  end?  Since 
the  taper  is  |  inch  per  foot,  it  is  {  h-  12  =  A 
inch  per  inch;  hence,  the  decrease  in  diam- 
eter is  A  X  8  =  A  inch,  and  the  diameter 
at  the  small  end  is  1^  —  A  =  ^ A  inches. 

There  are  a  number  of  ways  by  which  a 
taper  may  be  cut  in  a  lathe,  some  of  which 


arranged  that  the  headstock  can  be  swiveled 
to  make  an  angle  with  the  shears.  (6)  By 
means  of  a  compound  rest. 

The  third,  fourth,  and  fifth  methods  are 
the  best,  as  they  will  produce  the  most 
accurate  work.  The  first  method  is  only 
applicable  to  rough  work,  or  roughing  oat, 
when  the  feeding  of  the  tool  is  done  by 
hand.  When  so  arranged  that  the  feed- 
traverse  and  the  cross-feed  screw  can  be 
worked  together  automatically,  accurate 
work  can  be  produced.  This  arrangement 
is  rather  limited  in  its  range  and  not  appli- 
cable to  every  lathe.  The  second  method 
is  the  one  most  frequently  used  for  outside 
work,  and  the  one  to  which  we  shall  confine 
ourselves  in  this  article.  It  is  also  applica- 
ble to  inside  work  where  the  hole  extends 
through  the  work,  when  a  splined  arbor 
carrying  a  loose  sleeve  with  the  cutting  tool 
fastened  to  it  is  used.  The  arbor  then 
remains  stationary  between  the  centers, 
and  the  sleeve  is  fed  along  the  arbor. 


Fio.  8 

are  as  follows:  (1)  By  constantly  feeding 
the  tool  towards  or  from  the  work  while  the 
carriage  is  moving.  This  may  be  done  by 
hand  or  automatically.  (2)  By  moving  the 
dead  center  out  of  line  with  the  live  center. 
(3)  By  using  a  taper  attachment  (4)  For 
work  held  in  a  chuck,  some  lathes  are  so 


Fig.  4 

In  Fig.  4,  ii  is  the  live  center  and  B  the 
dead  center,  their  axes  being  in  line,  and 
a  &  c  d  is  a  cylindrical  piece  of  work  on  which 
it  is  desired  to  cut  a  taper.  Now,  if  the  dead 
center  be  moved  towards  the  tool  poet  so  aa 
to  occupy  the  position  B^,  the  work  will 
then  occupy  the  position  a^  y  </  d',  and  it  is 
evident  that  if  the  tool  be  placed  at  d^  and 
the  carriage  moved  to  the  right,  the  tool  wiU 
cut  into  the  work,  emerging  at  c^^  when  it 
reaches  the  en4  of  the  piece;  in  other  words, 
the  tool  will  cut  a  taper  groove,  whose  out- 
line will  be  d^  c/'  </.  Hence,  if  the  work  be 
set  revolving  on  the  centers  A  and  B'  and 
the  tool  caused  to  travel  from  the  end  d'  to 
cf'^  the  result  will  be  the  tapered  piece 
a'Ve'd', 

A  part  or  all  of  the  foregoing  is  well  known 
to  every  machinist,  and  the  question  natu- 
rally arises  ''How  can  I  calculate  the  distance 
I  that  the  dead  center  must  be  shifted  to  cut 
any  required  taper  7  "  It  will  now  be  shown 
that  it  is  impossible  to  calculate  this  distance, 
but  it  can  be  approximated  so  closely  that 
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the  taper  can  afterwards  be  easily  found  by 
trial.  For  example,  sappose  that  the  piece 
abed  is  10  inches  long,  and  it  is  desired  to 
cat  on  it  a  taper  of  }  inch  per  foot.  The  taper 
per  inch  is  }  -^  12  =  ^,  and  for  10  inches, 
^  X  10  =  if  inch.  Now,  since  the  tool 
cats  off  not  only  the  amoant  d^  &  cf'  bat  also 
the  eqoal  amoant  a'W^  it  woald  seem 
that  if  the  dead  center  were  shifted  the 
distance  2  =  }  of  i$  inch  =  ^  inch,  the 
resalting  taper  woald  be  the  one  required. 
Again,  sappose  the  piece  ahcd  is  10  inches 
long  and  that  it  is  desired  to  tarn  some- 
where on  it  a  taper  3}  inches  long,  the 
diameter  at  the  one  end  of  the  taper  being 
\\  inches,  and  at  the  other  end  1  inch. 
The  taper  per  inch  woald  then  be  (li  — 1) 
-i-  3 J  =  A  =  At  »nd  for  10  inches  A  X 10 
=  if;  then  it  would  seem  as  though  the 
proper  amount  to  shift  the  dead  center 
woald  be  if  X  i  =  A  u^<^* 

It  will  be  found,  however,  that  when  the 
dead  center  is  shifted  the  amount  calculated, 
the  resulting  taper  will  not  be  the  one 
required,  but  wiU  vary  from  it  by  an  amount 
depending  on  the  distance  I  and  through 
other  causes  that  will  now  be  mentioned. 

1.  When  the  piece  on  which  the  taper  is 
to  be  cut  is  drilled  with  a  center  drill  and 
cownUrmaik^  as  it  should  be  in  work  of  this 
kind,  the  length  a  &  is  not  the  correct  length 
to  use  when  calculating  the  distance  2,  for 
the  reason  that  the  lathe  centers  do  not 
neoeasarily  bear  on  the  outer  edges  of  the 
countersinks,  or,  at  any  rate,  will  not  do  so 
after  the  countersinks  have  worn. 

2.  When  the  dead  center  is  shifted,  it 
moves  in  a  straight  line,  and  the  distance 
e  tf  between  the  ends  of  the  centers  increases; 
hence,  in  order  to  make  tef^  equal  ee^,  the 
dead  center  must  be  advanced  an  amount 
depending  on  the  distance  I,    If  it  were  not 


for  the  countersinks,  this  distance  in  Fig.  4 
would  be  the  difference  between  d'c  and 
d'c/'^  and  could  be  easily  calculated.  In 
practice,  however,  by  reason  of  the  counter- 
sinks, the  dead  center  will  not  advance  this 
amoant;  just  how  far  it  will  advance  cannot 
be  determined— it  will  depend  on  how  tightly 
the  dead  center  is  screwed  against  the  work. 

3.  Even  though  both  (1)  and  (2)  could  be 
allowed  for,  it  would  still  be  impossible  to 
calculate  the  amount  that  the  dead  center 
must  be  shifted,  owing  to  the  wear  on  the 
countersinks.  The  amount  of  wear  will  not 
be  the  same  in  any  two  pieces;  it  will 
depend  on  the  hardness  of  the  material  (both 
where  the  tool  cuts  and  at  the  countersinks), 
on  the  amount  of  material  removed,  and  on 
the  depth  of  the  cut  Both  countersinks 
will  wear — ^that  touching  the  dead  center 
more  than  the  one  touching  the  live  center. 

In  short,  it  is  impossible  to  calculate 
exactly  the  amount  to  shift  the  dead  center. 
In  fact,  if  two  pieces,  exactly  alike  in  every 
respect,  weredriUed  and  countersunk  exactly 
alike,  and  one  piece  were  to  be  cut  to  the 
correct  taper,  the  other  piece  could  not  be 
cut  to  the  same  taper  without  shifting  the 
dead  center  slightly  one  way  or  the  other. 
If  the  second  piece  did  have  the  same  taper 
it  would  be  purely  accidental — as  much  of  an 
accident,  in  fact,  as  though  the  dead  center 
had  been  shifted  to  the  correct  position  on 
the  first  trial. 

The  writer  here  takes  the  opportunity  to 
answer  another  question  that  is  frequently 
asked,  namely:  "After  a  taper  has  been 
turned  in  the  manner  just  described,  and  it 
is  required  to  cut  a  thread  on  it,  should  the 
thread  tool  be  set  at  right  angles  to  e  e^  or  to 
tfe'^"  He  answers  as  follows:  "The  thread 
tool  should  always  be  set  at  right  angles  to 
t  ef\  the  center  line  of  the  taper." 


A  NEW  USE  FOR  THE  PHONOGRAPH 


THE  phonograph  has  long  ago  ceased  to 
be  merely  a  scientific  toy,  and  has 
made  for  itself  a  laige  field  of  useful- 
ness in  several  departments  of  commercial 
life.  Recently,  however,  it  has  been  proposed 
to  employ  the  phonograph  as  an  aid  in 
learning  foreign  languages,  and  in  this 
department  it  will  probably  prove  of  more 
signal  advantage  than  in  any  field  where 
it  has  as  yet  been  employed.  In  learning 
a  foreign  language  it  is  necessary  first  of 
all  to  have  the  ear  trained  to  catch  and 
recognize  the  sounds,  and  the  only  way  to 


accomplish  this  is  to  listen  to  the  continual 
repetition  of  the  sounds  until  the  ear 
becomes  familiar  with  them.  Many  persons 
have  to  learn  a  foreign  language  without 
any  aid  from  a  teacher  that  can  speak  that 
language  correctly,  and  even  those  that  are 
so  fortunate  as  to  have  a  competent  teacher 
cannot  constantly  have  the  teacher  at  hand. 
Now  it  is  proposed  to  have  phonographic 
records  of  language  lessons;  then  the  stu- 
dent can  have  the  machine  repeat  the  lesson 
over  and  over  again,  until  he  is  perfectly 
familiar  with  it. 
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Walter  B.  Snow 

Items  That  Detbrminb  thb  Opbratino  Expbnsxs— Ability  to  Burn  Low-Gradb  Fuel. 
The  Saying  Due  to  Low-Grade  Fuel 


ALTHOUGH  many  items  enter  into  the 
determination  of  the  operating  expense 
of  a  boiler  plant,  by  &r  the  most 
important  of  these  factors  is  the  coat  of  the 
fdel.  Fuel  cost  is  not  to  be  based  simply  on 
the  price  paid  for  a  given  weight,  for  it 
depends  primarily  on  the  number  of  heat 
units  available.  The  cost  of  producing  a 
given  amount  of  steam  is  the  ultimate  crite- 
rion by  which  any  fuel  should  be  judged. 
The  commercial  efficiency  not  only  concerns 
the  amount  of  water  evaporated  by  a  pound 
of  fuel,  but  is  directly  dependent  on  the 
following  items  of  expense: 

1.  Interest,  rent,  taxes,  insurance,  and  the 
depredation  of  the  plant. 

2.  Repairs.  - 

3.  Cost  ofthe  water  from  which  the  steam 
is  generated. 

4.  Labor. 

5.  Getting  rid  of  the  ashes. 

6.  Cost  of  the  fuel  in  the  boiler  house. 
The  first  item  is,  to  a  considerable  extent, 

dependent  on  the  character  of  the  fuel,  for 
with  a  very  low-grade  fhel  that  is  actually 
low  in  first  cost  per  heat  unit,  it  is  frequently 
necessary  to  introduce  special  devices,  either 
in  the  form  of  stokers,  grates,  or  smoke-con- 
suming contrivances,  to  make  possible  the 
successfhl  combustion  of  the  given  fhel. 
But,  when  burned  under  suitable  conditions, 
the  decrease  in  cost  of  fhel  usually  far  out- 
strips its  decrease  in  efficiency,  so  that  the 
solution  of  the  problem  involves  itself  with 
the  provision  of  the  proper  conditions  that 
can  usually  be  introduced  at  such  cost  as  to 
show  a  generous  return  on  the  investment 
As  a  rule,  the  cheap  fuels,  like  the  fine 
anthracites,  require  for  their  combustion  an 
intensity  of  draft  that  the  ordinary  chimney 
18  incapable  of  producing.  This  is  well 
exemplified  by  Tables  I,  IE,  and  IIL  Ttible 
I  indicates  the  theoretioil  draft  produced  by 
a  chimney  100  feet  high  under  different  con- 
ditions of  internal  and  external  tempera- 
tures, and  incidentally  illustrates  the  effect 
of  cold  winter  weather  in  increasing  the 
efficiency  of  the  chimney. 


With  an  external  temperature  of  60^  and 
a  flue-gas  temperature  of  500^,  it  is  to  be 
noted  that  the  drop  is  only  .6S9  inch  of 
water. 

The  pressures  required  for  the  burning  of 
fine  anthracite  of  various  grades,  as  deter- 
mined by  Coxe  in  connection  with  his 
traveling  grate  and  a  fim-produdng  pressure 
of   different  intensities   in    comiMurtments 

TABLE  I 

UXXGHT  OF  WaTEB   COLUMll  DUK   TO  UNBALANCED 

Pbebbubx  m  Chdcnxyb  100  Fer  High 


Temper- 

Temperature of  External  Aii 

ature 
in 



* 

I 

1 

Chimney. 

QO 

20O    '    40«>    '    60O        Sff> 

.384    .321  !  .263    .209 

100°  i 

200« 

.453 

7l^\ 

220* 

.488 

.419  ;  .356  1  .298    .244 

.192 

240° 

.520 

.451 

.388  1.330    .276  1 

.225 

260** 

.555 

.484 

.420. 363    .309 

.257 

280« 

.584    .515 

.451    .394  j  .340 

.288 

300** 

.611 

.541 

.478    .420 

.367  1 

.315 

320*» 

.637 

.568 

.505    .447 

.394' 

342 

340° 

.662 

.593 

.530    .472    .419 

.367 

360° 

687 

.618 

.555  .  .497 

.444 

.392' 

380° 

.710 

.641 

.578 

.520 

.467 

.415 

400° 

.732 

.662 

.698 

.541  :  .488 

.436 

420° 

.763 

.684 

.620    .563    .509: 

.457 

i     440° 

.774  '  .705 

.641 

.584  !  .530  1 

.478 

,     460° 

.793 

724 

.660 

.603  !  .549  1 

.497  1 

480° 

.810 

.741  '  .678    .620  |  .566  ! 

.515  i 

500° 

.829 

.760 

.697 

.639 

.586 

.534  1 

beneath  the  fuel,  are  presented  in  Table  n. 
This  serves  to  show  particularly  well  the 
difference  in  pressure  required  at  different 
stages  of  the  process  of  combustion.  But 
Table  III  best  indicates  the  effect  of  sise 
of  coaL 

Here  the  maximum  limit  to  risee  of  the 
coal  is  given,  and  it  is  to  be  noted  that 
there  is  a  steady  increase  in  the  air  pressure 
required  that  corresponds  to  the  decrease  in 
the  size  of  the  coal.    The  rates  of  combustion 
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are  all  oomparatiyely  low,  particularly  in  the 
case  of  the  Eckley  No.  3  buckwheat,  which 
baa  a  maximmn  else  limit  of  ^  inch,  where 
it  ifl  only  9.44  pounds  per  square  foot  of 
srate  per  hour.     Comparison  with  Table  I 


fim  when  introduced  for  producing  mechan- 
ical draft  When  the  draft  is  produced  by  the 
forced  system,  it  is  customary  to  speed  the 
fim  so  as  to  produce  a  pressure  of  1  ounce 
per  square  inch,  equivalent  to  1.78  inches  of 


TABLE  n 
Draft  Oonditionb  With  Coxx  8iokxr 


Items. 


Pressure  in  igniting  compartment,  inches  of  water 

Pressure  in  burning  compartment,  inches  of  water 
Preasure  in  burning-down  compartment,  inches  of  water 
Pressure  in  burning-out  compartment,  inches  of  water 
Pressure  of  blast  of  air,  average,  inches  of  water 

Vacuum  in  fiimaoe,  inches  of  water 

Total  furnace  draft,  inches  of  water 

Vacuum  in  stack  flue,  inches  of  water 

Total  draft,  inches  of  water 

Pounds  of  dry  coal  per  hour  per  square  foot  of  grate 


Oieof  Ooa] 

. 

Back- 

Back. 

Bloe. 

wheat. 

wheat. 

0.14 

0.25 

0.44 

0.31 

0.66 

0.89 

0.24 

0.49 

0.73 

0.17 

0.42 

0.67 

0.24 

0.43 

0.68 

0.10 

0.16 

0.24 

0.34 

0.68 

0.92 

0.13 

0.40 

0.58 

0.37 

0.83 

1.26 

19.80 

32.90 

28.00 

J 


shows  that  the  drop  of  .625  inch  required 
for  the  Oneida  No.  2  buckwheat  is  practically 
all  that  a  chimney  100  feet  high  is  capable 
of  producing  under  the  conditions  cited. 
Chimney  draft  is  proportional  to  the  height; 
hence  it  is  evident  that,  with  the  temperature 
conditions  previously  stated,  it  would  require 

%  chimney 


1.125 


X  100  =  176  feet  high  to 

produce  the  draft  necessary  to  bum  the 
Eckley  No.  8  buckwheat  at  the  spedfled 
rate.  In  the  ordinary  plant  of  moderate 
size  a  chimney  much  over  100  feet  high  is 
the  exception  rather  than  the  rule.    Hence 


water.  In  fact,  the  regular  commercial 
types  of  steam  fims  are  equipped  with 
attached  engines  of  sufficient  power  to  drive 
the  fims  to  this  speed. 

As  the  result  of  his  extended  experiments, 
Goxe  asserted,  with  regard  to  a  chimney ,  that 
''  it  is  always  very  difficult,  in  &ct  ahnoet 
impossible,  to  obtain  sufficient  blast  to  bum 
the  smallest  slses  of  anthracite  coal,  which 
require  a  strong  and  concentrated  draft." 
It  therefore  becomes  one  of  the  salient  advan- 
tages of  mechanical  draft  that  it  may  be  used 
either  as  an  auxiliary  to  an  existing  chim- 
ney, or  as  an  independent  device  to  secure 


TABLE  m 
Results  or  Tkstb  of  Psa  akd  Buckwheat  Coal 


iOnd  of  Goal. 


Oneida  pea  coal   

Oneida  No.  1  buckwheat 
Oneida  No.  2  buckwheat 
Oneida  No.  3  buckwheat 
Eckley  No.  3  buckwheat 


Rate  of  Oom- 

bastion  per 

Square  Foot  of 

Grate  per  Hoar. 


13.63 
13.58 
11.40 
11.34 
9.44 


Poondsof 
Water  Evapo- 
rated From  and 

at  2120  per 
Pound  of  Coal. 


8.66 
7.04 
8.60 
8.65 
8.75 


Air  Pressure 

In  Inches  of 

Water. 


0.375 
0.500 
0.625 
1.040 
1.125 


Maxtmum 
Limit  to  Blse 

of  Coal 
In  Inches. 


I 

f 
t 

A 


the  inability  to  sucoessftilly  bum  the  finer 
fbels  and  thereby  secure  the  attendant  com- 
mercial advantage. 

But  a  pressure  of  1.125  inches  of  water  is 
well  within  that  ordinarily  fiimished  by  a 


the  successftQ  combustion  of  fuel  that  will 
show  increased  commercial  efficiency. 

Many  plants  exist  in  which,  owing  to 
inadequate  draft,  it  was  impossible  to  keep  up 
steam  with  anything  short  of  a  high-g^e 
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bitominous  coal,  like  Camberland,  bat 
which,  when  equipped  with  mechanical 
draft,  have  shown  ability  to  bom  faels  cost- 
ing far  less,  and  have  returned  in  annnal 
savings  amoants  varying  from  five  to  ten 
times  the  original  cost  of  mechanical-draft 
apparatus. 

The  effect  of  attempting  to  burn  low-grade 
in  place  of  high-grade  fuels  under  identical 


evaporative  efficiency,  Cumberland  standing 
at  100.  The  then  ruling  fuel  costs  are  also 
given  per  ton  and  per  1,000  pounds  of  water 
evaporated.  OommercLally  considered,  it  is 
evident  that,  although  the  evaporative  effi- 
ciency of  the  Nova  Scotia  culm  is  only  76  per 
cent  of  that  of  the  Cumberland,  its  value  as 
regards  its  cost  of  making  steam  is  56  per 
cent,  greater  than  that  of  the  Cumberland 


TABLE  IV 
Effect  of  Quauty  of  Fuel  on  Output  op  Boiler 


KlndofFael. 

Cumberland 
Anthracite,  broken 
Pea 

1  part  screenings  and  1  part  Cumberland 
3  parts  screenings  and  1  part  Cumberland 

2  parts  pea  and  dust  and  1  part  Cumberland 
44  parts  pea  and  dust  and  37  parts  culm 

conditions,  is  well  illustrated  by  Table  IV, 
covering  results  obtained  by  Barrus  in  a 
considerable  number  of  tests. 

The  decreased  power  indicated  is  largely 
due  to  a  reduction  in  the  rate  of  combus- 
tion, which  rate  might  have  been  maintained 
if  the  necessary  draft  had  been  available. 
Against  this  reduction  in  output,  which 
might  have  been  avoided  by  the  introduction 
of  mechanical  draft,  there  is  to  be  offset  the 
decreased  cost  of  the  fuel  per  horsepower. 
Of  course,  the  heat  value  of  the  fuel  is  likely 


Rated  Horsepower  of  Boiler. 


54 

74 

87 

129 

140 

270 

60.0 

143.8 

105.4 

94.0 

214.6 

53.9 

105.5 

84.0 

192.3 

103.8 

196.1 

..  ..  1 

149  2 

_  1 

95.1 

1 

204.8 

1  . 

38.5 

82.2  1 

1181 

1  157.1 

1 

i 

coal.  Under  such  conditions,  the  only  < 
tial  to  securing  this  advantage  is  the  means 
to  bum  the  fuel,  and  this  has  already  been 
pointed  out. 

The  possible  annual  gross  savings  from 
burning  cheaper  fuel  are  presented  in  Table 
VI  for  a  l,000-bor8epower  plant,  baaed  on 
312  days  of  10  hours  each,  and  indicating 
the  savings  that  would  result  if  a  coal  of  any 
given  coet  and  evaporative  efficiency  were 
substituted  for  one  costing  $4.00  per  ton  and 
evaporating  11  pounds  of  water  from  and  at 


TABLE  V 
Relative  EPFiaENciES  of  Various  Coalh 


Kiud  or  Coal. 


Water 
Evaporated 
From  and 
at  -ilio  by 

1  Lb.  of 
Dry  Coal. 


Relative 
KfBcIencjr  in 

per  Cent. 

Coniberland 

=  100. 


Cumberland I    11.04 

Anthracite,  broken  ,      9.79 

Anthracite,  chestnut  9.40 

2  parts  pea  and  dust  and  1  part  Camberland  i      9.38 

2  parts  pea  and  dust  and  1  part  culm  i      9.01 

Anthracite,  pea  8.86 

Nova  Scotia  culm  8.42 


100 
89 
85 
85 
82 
80 
76 


Poel  Coat  of 

of 

ETaporadng 

Coal 

l.OOO  Lb. 

of  Water 

•fill 

at  S120. 

$3  75 

$0.1698 

4.50 

0.2297 

5.00 

0.2660 

2.68 

0.1375 

2.58 

0.1432 

4.00 

0.2259 

2.00 

0.1187 

Belatlve 
Effloi«nej  in 

percent. 

Meacoredby 

Goitto 

Eraporate 

1,000  Lb. 

CombcrlaiMl 

=  100. 


100 
74 
64 

123 

119 
75 

156 


I 


to  decrease  with  its  cost,  as  is  also  the  evap- 
orative efficiency. 

In  Table  V  are  shown  the  results  of  tests, 
also  by  Barrua,  on  coals  of  similar  character. 
These  are  arranged  in  the  order  of  their 


212^  per  pound  of  coal.  Under  these  con- 
ditions, tiie  annual  expenditure  for  fuel 
would  be  $19,568.  Suppose  that,  instead  of 
this  coal,  there  is  utilized  a  low-grade  fiiel 
evaporating  only  8  pounds  and  costing,  say, 
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12.25  a  ton.  The  grofls  saving  would  be, 
aooording  to  the  table,  $4,433  a  year,  an 
amount  over  four  times  greater  than  would 
have  to  be  expended  for  an  engine-driven 
fim  of  sufficient  capacity  to  make  possible 
the  utilization  of  this  fuel. 

But  there  are  other  items  concerned  in  the 
commercial  efficiency  of  a  given  fuel,  as 
indicated  in  the  opening  paragraph.  The 
questions  of  interest,  rent,  taxes,  and  insure 
ance  have  already  been  discussed  in  a  pre- 
vious article  on  this  subject,  wherein  it  was 
shown  that  a  mechanical-draft  plant  could 
be  instaUed  for  from  20  to  about  40  per  cent 
of  the  cost  of  a  brick  chimney  of  equal 
capacity.  This  preponderance  of  advantage 
in  first  cost  is  sufficient  to  ofiset  any  increased 
expense  on  account  of  depreciation  and 
repairs  on  a  mechanical-draft  plant,  which 
will  not  exceed  those  on  the  other  dements 
of  a  steam-generating  plant 

The  cost  of  the  water  required  for  the 


But  in  the  removal  of  ashes  to  a  consid- 
erable distance  (as  is  frequently  necessary), 
the  lower  grade  fuel,  because  of  its  greater 
proportion  of  ash,  may  call  for  extra  labw 
expenditures,  which  should  be  figured  as  an 
ofiTset  against  the  gross  saving. 

In  the  matter  of  comparison,  the  cost  of 
the  fuel  in  all  cases  should  be  taken  as  that 
of  delivery  at  the  boilers,  not  merely  its  cost 
at  the  cars— possibly  at  some  distance.  It 
costs  practically  just  as  much  per  ton  to 
handle  one  grade  of  fuel  as  another;  hence 
the  kind  of  which  the  largest  amount  is 
required  to  evaporate  a  given  amount  of 
water  is  the  one  that  will  cost  the  most  in 
the  matter  of  handling.  Hence,  the  necessity 
of  basing  all  comparisons  on  identical  con- 
ditions. 

In  a  careful  consideration  of  operating 
expense  with  mechanical  draft,  there  must 
also  enter,  as  a  matter  of  prime  importance, 
the  cost  of  operating  the  fan.    Actually,  this 


TABLE  VI 
AmruAL  Sayings  Resulting  From  Bdrning  Chbapib  Fuel  in  I.OOO-Horsbpowrr  Boiler  Plant 


I     Water 
'Eyai>.From 
iaiidat212° 
per  Lb.  of 
.      Coal. 


11.00 
10.50 
10.00 

9.60 

0.00       > 

8.50       ' 

S.00 

7.50       I 

7.00 


Cost  pep  Ton. 


90.50  I  90.75  I  91.00 


91.25 


91.50  1 


15.724;  18,808j 


12,9981 
11,8811 


11.180 
:0,590| 
9,959| 


10.074 
9,478 
8,805 
8,087 


91.75 

92.00 

92.25 

92.50 

92.75 

98.00 

83.25 

98.50 

i 

1 

1 

4.892 

8.609 

2,446 

5,474 

4,198 

2,912 

1,680 

1 

6,115 

4.770 

8.424 

2,079 

784 

8,210 

6,828 

5.407 

3.991 

2.575 

1,159 

9.105 

7.610 

6,115 

4.621 

8,126 

1,681 

186 

8.491 

6.909 

5.826 

3.748 

2,160 

578 

7,797 

6.115 

4,483 

2,752 

1.070 

1 

7.012 

6,218 

8.424 

1,680 

1 

6,115 

4,193 

2,272 

850 

98.75 


349 


94.00 


0000 


production  of  steam  may  be  considered 
constant  with  different  grades  of  fuel,  and 
henoe  will  not  enter  into  a  comparison  of 


The  labor  incidental  to  burning  low-grade 
fuel  ifl  naturally  greater  than  when  batter 
fuel  ia  employed,  because  of  the  greater 
amount  of  fuel  to  be  burned  in  o^er  to 
secure  a  given  result.  Whether  this  will 
call  for  additional  expense  in  a  hand-fired 
boiler  plant  will,  of  course,  depend  on  the 
amount  of  labor  previously  performed  by 
each  fireman.  It  is  frequently  the  case, 
however,  that  a  plant  burning  high-grade 
fuel  is  a  little  too  much  for,  say,  two  men  to 
handle,  while  not  enough  to  keep  three  men 
well  employed;  nevertheless,  it  is  necessary 
to  employ  three  men.  Under  such  condi- 
tional the  substitution  of  low-grade  fuel 
would  not  call  for  an  extra  expenditure  for 
labor. 


is  almost  infinitesimal  as  compared  with  the 
heat  expenditure  incident  to  the  action  of  a 
chimney  in  producing  the  same  draft.  But 
the  loss  of  heat,  which  is  a  necessary  part  of 
the  action  of  a  chimney,  and  which  fre- 
quently represents  from  20  to  30  per  cent,  of 
tiie  value  of  fuel  burned,  can  only  be  de- 
creased by  the  introduction  of  some  device 
in  a  sense  apart  from  the  fim.  The  fan 
itself,  as  a  means  of  draft  production,  does 
not  require  for  its  action  that  the  gases 
should  have  a  temperature  above  that  of  the 
atmosphere.  In  other  words,  it  presents  the 
opportunity  for  the  utilization  of  a  consid- 
erable portion  of  the  heat  wasted  by  the 
chimney,  and  a  fair  proportion  of  this  saving 
must  therefore  be  credited  to  mechanical 
draft 

But  there  are  many  plants  where  econo- 
mizers or  other  forms  of  heat  abstracters 
are  not  or  cannot  be  introduced.    The  actual 


Digitized  by 


Google 


200 


MECHANICAL  DRAFT  AND  OPERATISQ  EXPENSES 


ooflt  of  operatiiig  the  fkn  most  then  be 
deducted  from  the  saying  shown  by  reduc- 
tion in  the  coflt  of  fdel.  In  most  pUmts,  the 
ezhaost  steam  from  the  fkn  engine  can  be 
utilized,  and  the  actual  expense  of  operation 
reduced  to  a  Tery  small  quantity— at  the 
utmost,  not  over  10  to  20  per  cent  of  the 
value  of  the  steam  supplied  to  the  engine. 

When  the  exhaust  cannot  be  utilized,  all 
steam  supplied  to  the  fkn  engine  becomes  a 
direct  charge  against  this  means  of  draft 
production.  In  a  plant  of  1,000  horsepower, 
as  previously  chosen  for  the  basis  of  tabu- 
lated comparisons,  the  friel  expenditure  for 
operating  the  fkn  would  not,  under  good 
conditions,  exceed  1}  per  cent  of  the  total 
amount  of  Aiel  burned.  Even  with  the  most 
expensive  fuel,  calling  for  an  annual  expen- 
diture of  119,668,  the  cost  of  fkn  operation 
would,  therefore,  be  only  1293.52.  With  a 
lower  grade  fuel,  it  would  have  been  lees. 
Such  an  expenditure  for  operating  expense 
still  leaves  the  handsome  amount  of  $4,433.00 
—  1293.52  =  $4,139.48  to  be  credited  to  the 
chaige  in  fuel.  Even  an  increased  cost  of 
handling  the  ftiel  and  the  ashes  cannot 
reduce  this  amount  to  such  an  extent  as  to 
prevent  the  showing  of  an  ample  return. 

In  many  plants  where  the  demand  for 
steam  is  variable  and  the  power  of  the  chim- 
ney to  meet  sudden  denumds  is  limited,  it  is 
necessary  to  run  several  boilers  at  low  capac- 
ity during  a  portion  of  the  time,  in  order 
to  be  able  to  meet  the  sudden  requirements. 
As  a  consequence,  the  boilers  may,  for  a 
considerable  time,  run  at  low  efficiency,  or 
what  is  more,  a  larger  number  of  boilers  will 
be  required  than  would  be  necessary  if  the 
draft,  and  consequently  the  rate  of  combus- 
tion, could  be  instantly  and  materially 
increased.  This  latter  arrangement,  with 
its  attendant  advantages,  is  possible  when 
mechanical  draft  is  employed.  It  then 
becomes  possible  to  increase  instantaneously 
both  the  intensity  of  draft  and  the  volume 
of  air.  The  load  can  be  picked  up  at  once 
and  steam  rapidly  generated  during  the 
period  of  excessive  demand.  In  its  effect  on 
the  operating  expense,  as  represented  by  the 
fixed  charges  on  the  large  boiler  plant  others 
wise  necessary,  mechanical  draft  may  thus 
show  a  material  saving. 

This  is  nowhere  better  exemplified  than 
in  marine  practice,  particularly  in  the  naval 
marine,  where  the  reserve  capacity  required 
for  maximum  speed  may  be  stored  in  small, 
light,  and  rapidly  nmning  fans,  instead  of 
ponderous  boilers  filled  with  water,  which 
may   only   be  used   at  intervals.    In  the 


merchant  marine,  this  arrangement  increases 
the  earning  power  of  the  vessel  by  decreas- 
ing the  space  required  for  boilers,  and, 
consequently,  increasing  the  caigo-carrying 
capacity. 

The  preceding  discussion  has  had  relation 
principaUy  to  the  quantitative  elements  of 
the  operating  expense;  that  is,  to  those  that 
can  actually  be  measured  in  given  quantities, 
as  in  fhel,  money,  etc  But  there  are  also 
features  of  mechanical  draft  that  can  only  be 
measured  qualitatively  in  their  relation  to 
other  methods.  That  is  to  say,  these  fea^ 
tnres  possess  certain  advantages  or  disadvan- 
tages that  are  to  be  mei^sured  primarily  as 
conveniences  or  inconveniences,  which  have, 
in  a  sense,  no  money  value,  but  which, 
nevertheless,  are  important  in  the  decision 
regarding  relative  merits.  Such,  for 
instance,  is  the  feature  of  simplicity  of 
control.  The  chinmey,  so  fiur  as  the  draft  is 
concerned,  is  brought  under  the  control  of 
the  damper  regulator.  But  with  the  same 
temperature  of  the  gases,  any  change  in  the 
position  of  the  damper  simply  affects  the 
volume  of  gases  passing  through,  but  does 
not  regulate  the  intensity  of  the  draft  that  is 
so  essential  in  the  securing  of  higher  com- 
bustion rates  and  a  greater  output  The 
fkn,  however,  may  be  as  readily  controlled 
as  regards  draft,  but  possesses  the  further 
and  more  important  advantage,  already 
pointed  out,  L  e.,  that  the  intensity  of  the 
draft  varies  coincidently  with  the  volume  of 
the  gases  passing  through  the  faiL 

A  further  convenience  of  the  fkn  consists 
in  its  adaptability.  It  does  not  require 
heavy  foundations,  it  may  be  placed  on  the 
ground  or  overhead,  according  to  require- 
ments, and  may  be  employed  either  for 
forced  or  induced  draft  Being  constructed 
of  steel  plate,  it  may  be  built  of  almost  any 
shape  to  accommodate  the  available  space, 
and,  being  comparatively  light,  it  is  readUy 
portable,  and  hence  of  value  as  an  asset, 
where  a  chimney,  being  practically  inunov- 
able,  possesses  a  value  only  so  long  as  it 
stands  just  where  it  is  wanted. 

Increased  draft  over  the  natural  capacity 
of  a  chimney  can  only  be  secured  by  increas- 
ing its  height  at  considerable  expense.  A 
change  of  pulleys,  or  of  engine,  or  even  of 
the  cut-off  of  Uie  engine  is  frequently  all 
that  is  necessary  with  mechanical  draft 
All  such  features,  in  so  far  as  they  can 
be  measured  at  their  true  value,  must,  there- 
fore, enter  into  a  fair  consideration  of  the 
influence  of  mechanical  draft  on  the  opera- 
ting expense  of  a  steam-boiler  plant 
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^F  ALL  astronomical  phenomena,  few 
are  so  striking  to  the  unagination  as  a 
total  eclipse  of  the  san.  At  the  pre- 
dicted hour,  the  brilliant  disk  of  the  son 
becomes  slightly  indented  at  its  western 
edge,  and  a  black  segment  is  seen  slowly 
advancing,  gradually  obscuring  the  luminous 
surface  until  nothing  but  a  faint  pink- 
colored  arc  of  the  radiant  day.  star  remains.' 
Daylight  rapidly  diminishes  and  is  replaced 
by  a  sinister  gleam  that  has  a  curious  effect 
on  the  beholder;  everything  puts  on  a  dull 
and  gloomy  appearance,  as  when  night  is 
approaching,  while  the  sky  changes  its  pure 
azure  for  a  livid,  grayish  color.  When  the 
totality  of  the  eclipse  is  reached  and  the 
last  ray  of  daylight  dies  out,  a  darkness  as 
profound  as  it  is  sudden  spreads  all  around, 


Such,  in  substance,  are  the  circumstances 
attending  a  total  edipee  of  the  sun;  and 
similar  conditions,  perhaps  with  slight  vari- 
ations, will  in  aU  probability  predominate 
during  the  total  solar  eclipse  that  takes  place 
on  the  28th  of  the  present  month. 

Eclipses  of  the  sun,  we  all  know,  are 
caused  by  the  interposition  of  the  moon 
between  the  earth  and  sun,  which  neces- 
sarily hides  a  lai^ge  or  small  portion  of  the 
sun  from  view.  This  is  very  clearly  illus- 
trated in  Fig.  1,  where  the  black  spot  repre- 
sents the  moon's  shadow  falling  on  the  earth, 
causing  a  total  eclipse  of  the  eun  at  that 
particular  place.  The  dark  shadow,  it  will  be 
noticed,  is  conical.  The  leea  shaded  region, 
exterior  to  the  limit  of  the  shadow,  is  termed 
the  penumbra.     To  persons  situated  within 


reducing  the  whole  of  nature  to  astonish- 
ment and  silence.  The  stars  begin  to  shine; 
the  temperature  decreases,  while  the  humid- 
ity of  theratmosphere  is  augmented;  animals 
appear  greatly  alarmed,  the  dog  runs  for 
shelter,  the  birds  cease  their  singing,  and 
the  hen  covers  her  chicks  with  her  wings. 
In  place  of  the  sun  appears  a  black  disk 
snrroonded  by  a  reddish  crown,  from  which 
rose-colored  flames  seem  to  issue.  After  two 
or  three  minutes,  however,  the  spectacle  is 
at  an  end.  The  moon,  which  is  the  cause 
of  all  this  disturbance,  appears  to  slacken 
hei^grip,  and  Old  Sol  is  again  permitted  to 
cover  his  prot^,  the  earth,  with  streamers 
of  fertilizing  rays;  daylight  once  more 
returns,  and  a  feeUng  of  relief,  coupled  with 
admiration,  is  evidenced  everywhere. 


this  region  the  sun  will  appear  partially 
eclipsed.  As  a  general  rule,  the  shadow  cast 
by  the  moon  travels  along  the  earth's  surface 
in  an  easterly  direction;  as  a  result,  more 
westerly  observers  will  see  the  eclipse  earlier 
than  those  east  of  them.  The  accompanying 
map  (Fig.  4)  shows  the  path  of  totality  A  B 
and  also  indicates  the  limits  of  the  eclipse. 
This  totality,  it  will  be  seen,  conmiences  in 
the  Pacific  Ocean  at  a  point  southwest  of 
Gape  San  Lucas,  Lower  California;  moving 
in  a  northeasterly  direction,  it  enters  Mexico 
about  midway  between  Mazatlan  and  the 
mouth  of  the  San  Pedro  River,  passing 
almost  directly  over  Gonzales,  Mexico,  and 
Edinbui^,  Tex.,  and  then  enters  the  Ghilf 
of  Mexico  about  40  miles  north  of  Browns- 
ville, Tex.    After  traversing  the  northwest 
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oomer  of  the  Galf  it  passes  over  Mor- 
gan City  and  New  Orleans,  La.;  Mobile 
and  Union  Springs,  Ala.;  Columbus  and 
Greensboro,  Gra. ;  New  Market  and  Chester, 
8.  C;  Monroe  and  Winton,  N.  C;  Suflfolk, 


Fio.  2.— Ab  thk  Eclipse  Will  Appear  at  New 
Orleans,  La. 

Newport  News,  and  Cape  Henry,  Va.  It 
then  enters  the  Atlantic  Ocean,  still  moving 
in  a  northeasterly  direction  until  it  arrives 
at  or  near  latitude  45^  N,  when  it  gradually 
changes  its  direction  to  southeast,  passing 
through  Portugal  and  Spain,  and  enters  the 


Pig.  8.— As  the  Eclipse  Will  Appear  at  Scran- 
ton,  Pa. 

Mediterranean  Sea  near  the  mouth  of  the 
river  Segura;  after  crossing  the  Mediter- 
ranean, it  passes  over  the  city  of  Algiers, 
skirts  the  coast  of  Tripoli,  and  terminates  at 
sunset  in  Upper  Egypt.    The  local  times  and 


conditions  at  certain  points  along  the  path 
of  totality  are  aa  follows: 

PosmoN  Close  to  New  Orleans,  La. 
(Lat  SO*'  4^  N,  Long.  90*»  6^  W. ) 

Oaniral  SUmdard  Mean  Time. 

Eclipse  begins May  28,  d^  26"  37'  a.  m. 

Totality  begins  May  28,  7*  30"   &  a.  m. 

Totality  ends  May  28,  7*  31-  24«  a.  m. 

Eclipse  ends    May  28, 8*  43-  34«  a.  m. 

Duration  of  totality  =  1- 17.8«. 

Position  Nsab  Union  Point,  Ga. 
(Lat.  33*  29^  N,  Long.  83*»  5'  W.) 

Central  Standard  Mean  Time. 

Eclipse  begins May  28,  0*  32-  46*  a.  m. 

Totality  b^ns  May  28,  7*  40-  12*  a.  m. 

Totality  ends May  28,  7*  41-  44«  a.  m. 

Eclipse  ends   May  28, 8*  58-  SG'  a.  m. 

Duration  of  totality  =  1-  32*. 

PoerriON  South  of  Cape  Henbt,  Va. 
(Lat.  36*  42'  N,  Long.  76*  5'  W. ) 

Eaatem  SUmdard  Mean  TSme. 
Eclipse  begins  May  28,   7*40-55*  a.  m. 

Totality  b^ns  May  28,   8*52-27*  a.  m. 

Totality  ends May  28,  8*54-13*  a.  m. 

Eclipse  ends  May  28, 10*  15-22*  a.  m. 

Duration  of  toUlity  =  1-  45.6*. 

PoernoN  Southwest  of  Talavera  de  la 
Reina,  Spain. 

(Lat.  39*  47'  N.  Long.  5*  lO'  W.) 

Qreenwieh  Mean  Ttme. 
Eclipse  begine  May  28,  2*  40-  58*  p.  m. 

Totality  b^ns  May  28, 4*   6- 42*  p.m. 

Totali^ends May  28, 4*   8-  9*  p.  m. 

Eclipse  ends   May  28, 5*  16-  18*  p.  m. 

Duration  of  totality  =  1-  27.4*. 

In  all  of  these  places  named,  the  eclipse  will 
be  total,  the  general  appearance  of  which  is 
shown  in  Fig.  2;  at  other  places  within  the 
limit  of  the  penumbra  the  edipee  is  partial. 
At  Washington,  D.  C,  for  instance,  about 
seven-eighths  of  the  solar  disk  will  be 
eclipsed.  At  Scranton,  Pa.,  the  maximum 
of  darkness  is  reached  at  8*  54-  a.  m.  East- 
em  Standard  mean  time  (or  the  time  that 
our  ordinary  clocks  and  timepieces  are  sup- 
posed to  indicate). 

The  duration  of  a  total  edipee  is  generally 
very  short;  under  any  circumstances  it  can- 
not exceed  7-38*.  The  greatest  duration 
of  an  eclipse  recorded  in  the  annals  of 
astronomy  is  one  that  occurred  August  17, 
1868,  and  which  was  visible  in  India;  the 
totality  of  this  eclipse  lasted  in  some  places 
nearly  six  minutes. 

Although  subject  to  considerable  variations 
in  dififerent  eclipses,  the  darkness  is  never  so 
great  as  might  be  expected  from  the  com- 
plete  obscuration   of  our   luminary.    The 
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reason  for  this  is  that  the  part  of  our  atmos- 
phere that  is  still  exposed  to  the  direct  rays 
of  the  son  reflects  some  of  that  light  to  us, 
which  thos  diminishes  the  darkness  resulting 
from  the  disappearance  of  the  sun.  Usually, 
the  darkness  is  sufficient  to  prevent  the 
reading  of  common  print. 

An  interesting  fact  connected  with  solar 
eclipses  is  the  luminous  corona  and  brilliant 
prominences  that  encircle  the  edge  of  the  sun. 
These  prominences  were  first  observed  during 


circumference  of  the  sun.  The  prominences 
are  sometimes  seen  to  shoot  up  like  flames 
in  wild,  fantastic  shapes,  with  incredible 
velocity,  and  to  the  height  of  tens  of  thou- 
sands of  miles.  During  the  totality  of  an 
eclipse  the  prominences,  or  protuberances,  as 
they  are  called,  are  seen  without  the  aid  of 
the  spectroscope  (using  a  slightly  smoked 
glass),  and  appear  then  in  their  natural 
color,  which,  although  somewhat  varying  in 
thteir  diflerent  parts,  is,  on  the  whole,  pinkish 
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the  total  eclipse  on  July  8, 1842 ;  but  they  have 
been  found  to  be  constant  attendants  of  the 
sun,  and  methods  have  been  invented  for 
rendering  them  visible  at  any  time,  without 
the  interposition  of  the  moon.  The  spectro- 
scope, which  is  the  instrument  used  for  this 
purpose,  shows  them  to  consist  mainly  of 
hydrogen  gas  in  an  incandescent  state,  and 
a  comparatively  narrow  belt  of  the  same 
color  and  substance  runs  round  the  whole 


and  similar  to  that  of  peach  blossoms;  yet  it 
is  mixed  here  and  there  with  delicate  pris- 
matic hues,  among  which  the  pink  and  straw 
colors  predominate. 

Altogether,  the  eclipse  of  May  28  next  will 
be  one  of  great  interest,  not  only  to  men  of 
science,  who  will  line  the  path  of  totality 
from  beginning  to  end,  but  to  everybody 
that  is  impressed  by  the  grandeur  of  natural 
phenomena. 


SPEED  OF  TELEGRAPHING 


Samson 


IN  A  telegraph  tournament  held  in  New 
York,  in  May,  1898,  the  winner,  W.  M. 
Gibson,  in  the  championship  5-minute 
sending  contest,  transmitted  254  words  with 
only  one  error,  and  his  Morse  was  said  by  the 
judges  to  be  perfect    The  highest  recorded 


speed  of  legible  telegraphy  in  which  the 
Morse  code  was  used  was  made  in  a  previous 
contest,  in  which  265  words  were  sent  in  5 
minutes.  An  expert  operator  can  send  35  to 
45  words  a  minute,  but  a  steady  working 
rate  of  25  to  30  is  regarded  as  good. 


Digitized  by 


Google 


TELLTALES  FOR  CIRCUIT-BREAKERS 


Tblltalbs  for  GbnsralElbctrigCibcuit-Bbbaksb — ^Tblltaus  for  WsanNGHousB  CiBCurr- 
Brraksb — Stbam-Whistlb  Attachment 


IN  STREET-RAILWAY  power  stations  it 
is  often  desirable  to  have  some  telltale 
arrangement  attached  to  the  circoit- 
breakers,  so  that  the  attention  of  the  station 
attendant  will  at  once  be  attracted  when  any 
breaker  flies  oat  This  is  especially  necessary 
in  cases  where  there  are  a  lai^  number  of 
circuit-breakers  on  one  board,  for  the  reason 
that  in  such  a  case  one  or  more  breakers 
might  remain  out  for  some  time  before 
being    noticed.    In    small    stations,    such 


Li^j^ 


arrangements  are  not  so  necessary,  as  there 
are  only  one  or  two  breakers,  and  the 
attendant  will  at  once  see  when  one  of  them 
goes  off.  In  many  cases,  however,  a  circuit 
telltale  is  of  use  even  in  a  small  station, 
especially  if  the  engineer  in  charge  has  to 
spend  part  of  his  time  in  the  boiler  room. 
Nearly  every  different  station  has  its  particu- 
lar device  for  accomplishing  this  purpose, 
each  engineer  exercising  his  own  ingenuity 
in  the  matter,  and  the  purpose  of  this  article 


is  to  give  a  few  of  the  methods  in  more  com- 
mon use,  as  applied  to  one  or  two  standard 
types  of  circuit-breakers. 

The  device  used  to  give  the  signal  is 
generally  arranged  to  operate  an  electric 
bell,  an  incandescent  lamp,  or  a  small  steam 
whiistle.  The  first  method  of  operating  a 
bell  is  the  most  common,  although  the  last 
method  of  operating  a  small  steam  whistle 
has  been  used  with  good  results.  A  steam 
whistle  is  more  apt  to  make  itself  heard  in 
d  plant  where  there  are  a  number  of  belted 
machines  in  operation;  but  in  stations  with 
direct-connected  machinery,  a  good  electric 
bell  will  give  fully  as  good  results  as  a  whistle, 
except,  perhaps,  that  the  whistle  is  a  little 
more  reliable.  The  lighting  up  of  an  incan- 
descent lamp  abbve  the  circuit- 
breaker  has  also  been  used  with 
good  results. 

We  will  first  describe  an  arrange- 
ment suitable  for  a  General  Electric 
circuit-breaker.  This  scheme  is  one 
submitted  by  Mr.  P.  E.  Mitchell, 
of  New  Oj-leans,  for  the  "Useful 
Ideas"  columns,  but  we  give  it 
here,  along  with  other  arrange- 
ments, to  be  described  later. 

Fig.  1  shows  an  outline  of  the 
circuit-breaker  referred  to.    It  is 
of  the  well-known  General  Electric 
switchboard  type,  and  the  device 
for  operating  the  telltale  is  attached 
to  the  copper  block  a,  which  makes 
connection  between  the  terminals 
of  the  magnetic  blow-out  arrange- 
ment    In   the  position  shown, 
the    circuit-breaker    is    "out,"    and    the 
telltale  is  in   operation.    The  method  of 
making  the  attachment  is  as  follows:    Take 
out  the  copper  block  a  and  drill  and  tap 
in  it  a  Hi^ch  hole  c.    It  needs  an  experi- 
enced hand  to  tap  out  holes  in  pure  copper, 
as  the  metal  is  so  tough  that  the  tap  is  liable 
to  break  off.    In  order  to  avoid  this  trouble, 
a  |-inch  hole  may  be  drilled  about  1  inch 
deep,   and   then  filled   with   solder.    The 
solder  may  then  be  drilled  with  a  A*^>^<^ 
hole  and  tapped  with  a  i-inch  tap  without 
difficulty.    Next,  take  a  round  fiber  rod  e, 
about  6  inches  long  and  i  inch  diameter, 
and  cut  a  thread  on  one  end  so  that  it  will 
screw  into  the  block  a.    Cut  a  slit  ^  inch 
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wide  in  the  end  of  this,  and  fksten  in,  by 
means  of  small  riveto  or  pins,  a  flat  piece  of 
fiber/.  This  fiber  should  be  about  1}  in. 
X  2  in.,  and  should  be  glned  in  place  as  well 
as  riyeted.  Two 
spriDgB  d,  d  are  then 
mounted  on  the  fiber 
top  of  the  circuit- 
breaker  in  such  a  way 
as  to  project  over  the 
opening  and  come  in 
line  with  the  fiber 
piece  /.  The  springs 
are  made  of  No.  20 
spring  brass,  and  may 
he  fitftened  to  the 
fiber-top  piece  by 
round-headed  brass 
wood  screws.  These 
springs  must  be  so  ar- 
ranged that  when  the 
circuit-breaker  is  in, 
the  flat  piece  /  will 
be  forced  up  between 
them,  thus  holding 
them  apart  When 
the  breaker  goes  out 
the  fiber  piece  drops 
down,  thus  allowing 
the  springs  to  make 
contact  and  ring  an 
electric  bell.  The  rod 
shonld  be  made  of  such  length  that  the  flat 
piece  will  never  entirely  move  out  from 
between  the  brass  clips;  it  should  merely 
drop  down  far  enough  to  allow  the  tips  to 
come  together. 

This  arrangement  works  very  well  in  prac- 
tice, but  it  appears  as  if  there  would  be 


although  the  arc  is  extinguished  very  quickly, 
there  might  be  danger  of  the  fiber  rod  being 
charred  by  the  arc. 
Fig.  2  shows  another  method  for  attaching 
a  telltale  to  this  type 
of  breaker.  This  is 
easier  to  apply  than 
the  arrangement 
shown  in  Fig.  1,  and 
there  is  no  danger  of 
any  part  being  burnt. 
The  figure  shows  only 
those  parts  of  the 
breaker  that  are 
necessary  to  bring  out 
the  method  of  attach- 
ment a,  a  are  the  two 
copper  contact  studs 
of  the  circuit-breaker; 
h  is  the  laminated  cop- 
per contact  that  press- 
es against  studs  a,  a; 
c  is  one  of  the  links  of 
the  togglejoint  The 
method  of  attaching 
the  contacts  for  the 
bell  circuit  is  shown  at 
h;  e  ii  A  small  square 
piece  of  fiber  or  hard 
wood,  neatly  cut  out 
and  blackened  to 
match  the  slate  base  of 
the  circuit-breaker.  This  block  may  be 
fastened  in  place  by  means  of  a  round-hoided 
stone  bolt  /,  passing  through  the  slate  base. 
If  care  is  taken,  the  slate  may  be  tapped  out 
and  a  machine  screw  used  for  holding  block 
e  in  place;  this  is  desirable  because  it  admits 
of  e  being  attached  i^ithout  taking  down  the 
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danger  of  the  fiber  rod  becoming  burnt 
through  in  time.  It  passes  up  between  the 
contacts    where   the   arc   is   formed,  and, 


breaker.  The  bases  on  these  circuit-breakers 
are  usually  about  2  inches  thick,  and,  if  a 
machine  screw  is  used,  it  should  be  tapped 
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into  the  base  at  least  1  inch.    Two  springs 
d,  d,  shaped  abont  as  shown,  are  mounted 
on  the  block  so  that  they  will  just  make 
contact  with  each  other  when  the  laminated 
contact  6  is  at  its  lowest   position.    Care 
should  be  taken  to  place  the  block  so  that 
it  will  not  be  too  high;  otherwise,  when  h 
flies   down,  the  springs  wiU   be  struck  a 
severe  blow,  and  will  be  bent  to  such  an 
extent  that  they  will  soon  break  off.    The 
action  of  the  arrangement  is  obvious;  when 
the  breaker  flies  out,  the  springs  d,  d  are 
pressed   together,  thus  ringing  an  electric 
bell  or  lighting  an  incandes- 
cent lamp,  as  the  case  may 
be.    The  wires  leading  to 
the  signal  device  may  be 
carried  down  through  the 
slate,   as  shown,   or  they 
may  be  carried  up  across 
the   face  of  the  breaker, 
and   over  the  top  of  the 
board. 

It  is  a  comparatively 
simple  matter  to  place  a 
signal  attachment  on  a 
Westinghouse  circuit- 
breaker.  This  breaker, 
which  is  fiuniliar  to  most 
station  men,  is  shown  in 
Fig.  4.  It  has  two  brass 
dips  that  catch  the  switch 
lever  when  it  is  thrown 
out  In  many  stations, 
these  clips  are  utilized  as 
the  contacts  for  the  alarm 
circuit  These  may  be  in- 
sulated by  using  fiber, 
and  thus  made  to  form 
the  terminals.  Both  clips 
should  be  insulated  so  that 
the  bell  circuit  will  not  be  ^lo.  4 

in   connection  with  the 
trolley  circuit  when  the  breaker  is  closed. 
When  the  breaker  flies  out,  contact  is  made 
between  the  dips  by  the  brass  arm  and  the 
bell  or  lamp  operated. 

Fig.  3  shows  an  arrangement  that  has 
been  successfully  used  with  Westinghouse 
breakers,  in  which  a  small  steam  whistle  is 
sounded  whenever  a  breaker  goes  out.  The 
sketch  is  intended  to  show  the  general  scheme 
only,  because,  in  most  cases,  the  arrangement 
here  shown  would  be  modified  more  or  less 
to  meet  special  conditions.    A  small  steel 


shaft  c  runs  across  the  switchboard  directly 
under  the  row  of  circuit-breakers.    This  shaft 
is  supported  at  intervals  of  3  or  4  feet  in 
bearings  g.    At  each  breaker  an  arm  d  is 
attached,  and  this  arm  carries  a  pin  h  that 
projects   under   the   breaker  arm.    When 
the  breaker  flies  out,  this  arm  is  depressed, 
thus  turning  the  shaft  with  lever  d,  and 
pulling  the  rod  /.    In  order  to  make  sure 
that  the  lever  h  will  swing  back  when  the 
breaker  is  thrown  in,  a  weight  w  may  be 
attached  to  the  end  of  d,  or  a  spiral  spring 
may  be  arranged  to  accomplish  the  same 
purpose.    The  rod  /  may 
be  made  to  operate  a  small 
steam  whistle  directly,  or 
open  a  valve  in  a  steam 
pipe   so  as  to  operate  a 
whistle   at   some    point 
distant  from   the  switch- 
board.   The  fittings  neces- 
sary for  carrying  this  out 
in  any   spedal  case   will 
readily  suggest  themselves 
to  the  engineer. 

This  method  is  specially 
applicable  in  cases  where 
there    is   a   long  row    of 
circuit-breakers  or  feeder 
panels.    One  shaft  can  be 
run  the  whole  length  of 
the   board,   and   thus   be 
made  to  serve  for  all  the 
breakers.    Theoostper 
breaker  is  thus  made  com- 
paratively   small,   and,  if 
the  arrangement  is  prop- 
erly put  up,  it  is  not  likely 
to  get  out  of  order.    Some 
such  device  could  doubt- 
less be  used  in  connection 
with  the  General  Electric 
breaker,  although  the  con- 
struction of  this  breaker  is   such  that  it 
does  not  admit  of  its  being  earried  out  as 
easily.    Nearly  every  station  engineer  has 
his   own   arrangement   for  giving   circuit- 
breaker  signals,  and  it  is  surprising  to  one 
that  visits  several  different  stations  to  note 
the  number  of  different  schemes  that  have 
been  devised.    Possibly  many  of  them  are 
even  simpler  than   those  here  given,  but 
the  foregoing  may  be  taken  as  some  arrange- 
ments that  have  been  found  useful  for  this 
purpose. 
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T.   M.  Johnson 

Removal  of  Dirt  From  the  Housb — Clsam  Dibt  and  Dibty  Dibt — How  Dibt  ib  Raised 
With  a  Broom — ^The  Hygienic  Value  op  a  Carpet  Sweeper 


HYGIENE  IB  the  name  of  that  department 
of  sdenoe  which  relateB  to  the  preeer- 
yation  of  health;  it  embraces  erery- 
thing  diiectly  or  indirectly  connected  with 
physical  well-being,  except  the  direct  use  of 
medicines  and  medical  treatment  Hygiene 
is  really  a  far-reaching  science;  it  does  not 
confine  itself  to  the  precincts  of  the  home — 
in  fact,  it  is  an  important  matter  wherever 
homan  beings  exist.  However,  let  us  be 
satisfied  at  present  with  a  few  simple  yet 
timely  remarks  on  hygiene  in  the  home;  let 
OS  digest  some  plain  facts  that 
materially  affect  the  whole- 
some or  unwholesome  charac- 
ter of  a  home.  Although 
hygiene,  as  applied  to  the  indi- 
vidual, is  a  most  important 
fiustor  of  health,  happiness, 
and  longevity,  and  the  appli- 
cation of  hygienic  principles 
in  cases  of  sickness  is  also  a 
matter  worthy  of  careful  atten- 
tion, we  will  for  the  present 
say  nothing  about  these  sub- 
divisions, but  confine  our  re- 
marks to  hygiene  as  applied 
to  the  dwelling  house  and  its 
vicinity. 

The  greatest  protection 
against  disease  is  cleanliness. 
It  exceeds  all  others,  and  is 
the  measure  we  propose  to 
advocate  in  this  article.  Clean- 
liness really  is  the  great  aim 
of  all  hygienic  regulations. 
There  is  a  very  old  saying  that 
"  Cleanliness  is  next  to  godli- 
ness," and  no  one  questions 
the  truth  of  it.  Even  minis- 
ters have  quoted  this  expression  in  the 
pulpit,  which  shows  that  they  also  recog- 
nize the  close  alliance  between  the  hygiene 
of  the  body  andHhe  hygiene  of  the  soul. 
In  fact,  it  would  be  strange  if  it  were  other- 
wise, for  it  seems  rational  to  suppose  that 
any  person  that  respects  the  soul  will 
endeavor  to  keep  a  clean  earthly  tabernacle 
around  it. 

But  let  us  quit  moralizing  and  confine 
ourselves  to  practical  facts.    What  is  cleanli- 


Dbiying  the  Duct  im  Three  Di- 
BScnoNS  —  Onward,  Upward, 
AND  Downward— INHAUNO  It 
A8  She  Goes 


Cleanliness,  in  the  sense  intended 
in  this  article,  simply  means  absolute  free- 
dom from  noxious  dirt  Now,  there  are 
different  kinds  of  dirt;  there  is  what  some 
people  are  pleased  to  term  ''dean  dirt," 
and  there  is  foul  dirt  But  whether  any 
particular  dirt  is  dean  or  foul  cannot  be 
determined  until  it  has  been  chemically 
analyzed  and  microscopically  examined. 
Even  then  there  is  doubt,  for  dirt  is  simply 
matter  out  of  place.  Dirt  is  dirt  whether 
it  is  simply  unpleasant  but  harmless,  or 
whether  it  is  dangerous  on 
account  of  being  poisonous  or 
on  account  of  the  presence  of 
living  disease  germs,  and  it 
should  be  placed  where  it  be- 
longs. It  is  true  that  there  is 
a  great  deal  of  dirt  that,  al- 
though unpleasant,  is  quite 
harmless,  at  least  as  far  as 
any  tangible  ii^ury  to  health 
is  concerned.  Indeed,  an  im- 
mense amount  of  dirt  in  the 
form  of  dust  may  even  be 
inhaled  if  it  is  free  from  poi- 
sonous or  other  injurious  sub- 
stances. But  there  is  also  an 
actively  dangerous  dust  —  a 
dust  that  carries  with  it  not 
only  poisonous  substances  but 
also  disease  germs  of  the  most 
virulent  type.  However,  in 
the  absence  of  an  analysis,  we 
can  only  guess  as  to  the  nature 
of  any  dust. 

One  of  the  most  eminent 
authorities  on  the  dust  ques- 
tion says:  "In  most  cases 
where  there  is  vitible  dust  and 
dirt,  there  is  also  actively  dangerous  dirt,  that 
is,  dirt  that  is  sometimes  not  visible,  but  that 
contains  active  poisons.  Therefore,  all  visible 
dirt  becomes  objectionable.''  By  dirt  that  is 
not  visible,  this  authority  means  the  dirt  that 
cannot  be  detected  except  by  the  aid  of  the 
microscope.  This,  he  claims,  is  the  most 
dangerous  enemy  of  the  human  race.  Bac- 
teria is  an  invisible  menace  that  must  be 
guarded  against  at  all  times.  Millions  of 
them  may  be  present  in  a  room,  or  on  a  small 
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part  of  the  surface  of  something  in  a  room, 
and  we  may  even  have  countless  numbers 
served  in  a  cold  lunch  without  knowing  it, 
since  they  cannot  be  recognized  by  taste, 


Bactkria  Highly  Magnified 
Look  steadily  at  thU  for  90  teeonds,  H  foiU 
impreu  you  toUh  the  neeeseityfor  real  deanUneea, 
a  and  h  represent  baeleria  found  in  infected  tup' 
pwrattng  woundt,  e  are  diseaee^produeing  bac- 
teria containing  tporee.  The  body  qf  the  baeOltu 
is  ehown  black  and  the  spores  white. 

smell,  or  feeling.  The  paper  on  which  this 
article  was  written  may  have  been  so  infected 
with  bacteria  as  to  shatter  the  nervous  sys- 
tem of  the  writer  had  he  made  a  micro- 
scopic examination  of  it.  However,  it  is  not 
the  writer's  intention  to  frighten  people  from 


This  Rxducbs  the  Amount  of  Floating  Dust  to  a 
Minimum 

their  meals  or  scribes  from  their  manuscripts, 
but  simply  to  show  how  ignorant  we  are  of 
the  presence  of  bacteria  even  in  the  things 
that  receive  the  closest  scrutiny. 
The  only  safeguard  in  the  home  is  cleanli- 


pess— r«a{  ctonZtnesa— and,  in  showing  the 
necessity  of  it,  we  will  try  to  show  the  dif- 
ference between  real  and  fidse  cleanliness. 
A  certain  woman,  weary,  worn,  and  sad, 
spends  most  of  her  time  stirring  up  dust 
in  her  house,  thus  keeping  the  atmosphere 
of  her  home  aknost  constantly  charged  with 
flocculent  solid  matter  to  which  germs  may 
or  may  not  be  clinging.  This  part  of  her 
appointed  task  is  known  as  sweeping  and 
dusting,  or  *' cleaning  house."  She  takes  a 
broom  and  works  it  vigorously  over  the 
carpet,  displacing  dust  and  dirt  in  three 
ways.  Part  of 
it  works  down 
through  the  in- 
terstices of  the 
carpet  and  re- 
mains there  un- 
til the  carpet  is 
lifted,  or,  in- 
deed, if  the  car- 
pet is  closely 
woven  on  the 
under  side,  the 
upper  soft  fkibric 
liill  become  so 
thoroughly 
clogged  with 
dust  that  noth- 
ing but  a  good 
beating  or  wash- 
ing will  remove 
it  Another  part  of  the  dirt,  the  larger  par- 
ticles, is  swished  with  measured  strokes  to 
the  point  where  the  accumulation  is  gath- 
ered up  or  swept  out  after  it  has  been 
separated  from  the  finer  particles.  Most 
women  take  a  delight  in  removing  this 
part  of  the  household  dirt  in  a  dust  pan, 
for  it  is  visible,  and,  if  allowed  to  remain 
long,  would  soon  discolor  the  carpet.  Many 
of  them  pick  up  a  surprisingly  laige  quantity 
too,  for  they  have  the  knack  of  throwing  it 
forward  and  thus  pushing  the  least  possible 
amount  into  the  carpet  But  some  women, 
and  I  think  it  safe  to  say  all  men,  have  the 
unhappy  faculty  of  sweeping  a  dirty  carpet 
without  taking  a  teaspoonful  of  dirt  from  it; 
on  the  contrary,  thejf  rub  it  in.  Men  are 
particularly  noted  for  ''rubbing  it  in."  The 
third  part  of  the  dirt  disturbed  by  the  house 
cleaner's  broom  is  wafted  upwards  in  air- 
currents  produced  by  the  motion  of  the 
broom.  This  is  the  fine  flocculent  dust  that 
is  almost  invisible  in  a  dingy  room,  but  is 
very  noticeable  in  a  well-lighted  apwrtment 
In  sweeping,  as  in  all  other  household  work, 
except  chopping  wood,  bringing  up  coal, 


FBATHSB  DUBTKB 


Digitized  by 


Google 


THE  HYGIENE  OF  SWEEPING 


209 


and  currying  oat  aabee, 
women  are  superior  to  men. 
Expert  housewiveB  can 
sweep  an  ordinary  room 
with  so  little  conmiotion 
that  the  floating  dost  does 
not  become  visible;  bat 
some  women  and  moat  men 
sweep  so  viciously  that  the 
dost  rises  in  dense  clouds 
and  finally  settles  on  the 
walls,  furniture,  and  dra- 
peries of  the  room. 

To  thoroughly  and  effect- 
ively remove  dust  and  dirt 
from  carpeted  floors,  it  is 
necessary  to  lift  the  carpets 
and  shake  them  outdoors. 
This   is    an  argument   in 
&vor  of  mats,  because  they 
aire  not  tacked  down  and 
can  be  lifted  easily.    The 
floor  under  the  mats  should 
have  dose  joints  and  an  oil 
finish.    Open  joints  in  the  floors  are  recep- 
tacles for  dirt,  and  they  cannot  be  cleaned 
out.    The  dust  on  the  closely  jointed  oiled 
surface  can  easily  be  removed  with  a  damp 
mop,  and  no  dust  will  rise  to  vitiate  the  air 
or  settle  on  the  furnishings.    This  method 
is  not  open  to  the  hygienic  objections  raised 
in  the  case  of  the  oidinary  floor  and  tacked 
carpets. 

The  dirtiest  part  of  a  house  is  the  floor, 
for  dirt  is  brought  in  on  boots  and  shoes  and 
tracked  through  the  house.  The  furnishings 
gather  the  dirt  almost  entirely  from  the 
air  in  the  house,  and,  to  prevent  this,  it  is 
necessary  to  keep  the  dirt  from  rising. 
This  can  be  accomplished  in  the  case  of  an 
impervious  floor  such  as  oilcloth,  linoleum, 
oiled  wood,  rubber,  flagstones,  marble,  tile, 
etc,  by  the  use  of  a  damp  mop.  Linoleum 
is  a  thoroughly  hygienic  floor  covering,  and 
is  especially  desirable  for  kitchens,  pantries, 
dining  rooms,  bathrooms,  and  halls  and 
passages,  particularly  if  there  are  children 
around;  for  it  is  a  rare  thing  for  them  to 
wipe  their  muddy  feet  when  they  come 
into  the  house. 

Notwithstanding  these  facts,  many  a  floor 
that  ought  to  be  covered  with  linoleum  is 
covered  with  carpet,  and  many  a  tired 
mother  struggles  along  in  the  vain  hope 
of  "keeping  down''  the  dirt  in  a  beautifully 


CHURNiifo  Up  thr  Dust  Aoatn  With  That  Despicable  Feather  Duster 

carpeted  sitting  room.  In  such  cases,  the 
best  thing  to  sweep  with  is  a  modern 
carpet  sweeper  of  approved  make.  This 
picks  up  most  of  the  dirt,  throws  it  into 
a  receiving  chamber  inside  the  sweeper,  and 
reduces  the  amount  of  floating  dust  to  a 
minimum.  Of  course,  some  dust  rises  even 
with  this  ingenious  device,  but  it  is  very  small 
indeed  when  compared  with  the  amount 
raised  by  the  broom.  After  the  floor  has 
been  vigorously  swept  by  a  broom  and 
the  clouds  of  dust  have  had  time  to  settle, 
ordinary  housewives  conmience  to  churn 
up  the  dust  again  with  that  despicable 
feather  duster.  The  object  of  dusting  should 
be  to  lift  the  dust,  carry  it  outdoors,  and 
there  shake  it  off.  But  turkey  feathers  are 
not  made  for  that  purpose.  They  thoroughly 
scatter  the  dust,  however,  and  it  settles 
elsewhere.  The  result  of  dusting  in  this 
way,  therefore,  is  not  the  removal  of  the 
obnoxious  matter,  but  simply  a  shifting 
of  its  position  to  places  where  it  cannot 
be  seen.  True,  the  windows  and  doors  may 
all  be  open  while  this  dusting  is  going  on, 
and  some  of  the  dust  may  be  carried  out 
in  the  air-currents,  but  it  is  a  fact  that  the 
feather  duster  is  very  inefficient  in  removing 
dust  and  dirt,  and  is  an  intolerable  nuisance. 
Anything  that  will  lift  and  remove  dust, 
such  as  cheese  cloth,  should  be  used  instead. 
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THILE  nearly  every  engineer  is  fiEimiliar 
with  the  statement  that  a  compound 
engine  is  more  economical  than  a  sim- 
ple expansive  engine,  there  are  many  of  the 
younger  generation  of  steam  engineers  that 
do  not  know  the  why  and  the  wherefore  of  ^' 
the  superior  economy  of  the  compound 
engine.  We  shall  try  to  present  here,  in  a 
short,  condse  way,  as  much  of  the  theory  of 
compounding  engines  as  will  enable  one  not . 
fiEimiliar  with  it  to  see  for  himself,  and  to 
explain  to  others,  why  compounding  i» 
resorted  to,  and  wherein  it  is  superior  to  the 
simple  expansive  engine. 

As  some  knowledge  of  the  science  of  ther- 
modynamics is  essential  to  a  dear  under- 
standing of  what  follows,  enough  of  it  is 
given  here  to  make  the  latter  part  of  the 
article  clear  to  those  that  have  never  studied 
the  subject 

According  to  the  modem  theory  of  heat 
that  is  now  generally  accepted  as  correct,  heat 
is  a  rapid  vibratory  motion  of  the  molecules 
of  which  a  body  is  composed.  According  to 
this  theory,  the  degree  of  heat  of  a  body 
depends  on  the  rapidity  of  vibration  of  the 
molecules;  that  is,  the  more  rapid  the  vibra- 
tion, the  hotter  the  body;  conversely,  the 
slower  the  vibration,  the  colder  the  body. 
Furthermore,  according  to  the  first  law  of 
thermodynamics,  the  truth  of  which  has 
been  proved  experimentally,  heat  and  work 
are  mutually  convertible;  that  is,  heat  may 
be  converted  into  work,  and  vice  versa. 

Now,  a  steam  engine  is  one  form  of  a  heat 
engine,  in  which  steam  is  the  agent  by 
means  of  which  heat  is  transformed  into 
work.  As  each  unit  of  heat  is  capable  of 
doing  a  definite  amount  of  work,  it  follows 
that  if  the  temperature  of  a  given  quantity 
of  steam  is  lowered,  a  definite  quantity  of 
useful  work  can  be  done,  inasmuch  as  the 
lowering  of  the  temperature  means  an 
abstraction  of  heat  fi!om  the  steam.  In 
order,  therefore,  that  all  the  heat  energy 
stored  up  in  a  given  quantity  of  steam  may 
be  transformed  into  work,  it  would  be  neces- 
sary to  take  from  the  steam  all  of  its  heat, 
that  is,  all  of  its  molecular  motion.  In  other 
words,  its  temperature  would  have  to  be 
lowered  until  its  molecules  were  at  rest. 


From  various  experiments,  it  is  concluded 
that  the  temperature  at  which  every  body 
would  be  in  that  state,  is  about  460^  below 
Fahrenheit  zero,  which  point  is  called  the 
absolvie  zero  of  temperature.  Hence,  the 
absolute  temperature  can  be  obtained  by 
adding  460^  to  the  temperature  shown  by  a 
thermometer,  when  the  temperature  is  abovie 
sero  on  the  Fahrenheit  scale.  When  the 
temperature  is  below  zero,  the  absolute  tem^ 
perature  can  be  obtained  by  subtracting  the 
number  of  degrees  it  is  below  zero  from  460. 
Thus,  if  the  thermometer  registers  40^  above 
zero,  the  absolute  temperature  would  be 
460°  +  40*»  =  600°.  If  the  thermometer 
indicates  15°  below  zero,  the  corresponding 
absolute  temperature  is  460°  —  15°  =  445°. 

As  the  abstraction  of  heat,  and  consequent 
proportional  amount  of  work  that  may  be 
done  by  it,  when  taking  place  in  the  cylin- 
der of  an  ideal  steam  engine,  involves  a 
lowering  of  the  temperature  of  the  steam,  it 
may  be  said  that  the  work  done  under  ideal 
conditions  will  be  proportional  to  the  &11  of 
temperature.  That  is,  the  greater  the  fidl 
of  temperature,  the  more  heat  will  be  avail- 
able for  doing  work;  conversely,  the  less  the 
fiedl  of  temperature,  the  lees  heat  is  at  our 
disposal  for  conversion  into  work. 

As  the  work  that  may  be  done  by  steam 
depends  on  the  fiall  of  temperature,  it  follows 
that  the  temperature  range,  i.  e.,  the  differ- 
ence between  the  temperatures  of  the  incom- 
ing and  outgoing  steam,  if  contrasted  with 
the  total  energy  contained  in  the  entering 
steam,  will  be  the  measure  of  the  thermal 
efficiency  of  an  ideal  steam  engine. 

Now,  the  total  energy  available  for  trans- 
formation into  work  is  directly  proportional 
to  the  absolute  temperature  of  the  entering 
steam;  hence,  we  may  say  that  in  an  ideal 
steam  engine,  or,  in  fsici,  any  other  ideal 
heat  engine,  the  relation  between  the  usefiil 
work  that  may  be  done  and  the  total  energy 
available  is  equal  to  the  relation  the  tem- 
perature range  bears  to  the  absolute  initial 
temperature.  Then,  as  the  ratio  between 
the  temperature  range  and  the  absolute 
initial  temperature  is  the  thermal  efficiency, 
it  follows  from  arithmetic  that  it  may  be 
expressed  in  per  cent,  by  dividing  100  times 
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the  tempeoratare  range  by  the  initial  temper- 
ature. For  instance,  if  by  some  means  we 
could  cool  a  quantity  of  steam  from  000^ 
absolute  to  zero  absolute,  the  temperature 
range  would  be  600^,  and  the  thermal  effi- 

,,,600X100       -^ 
ciency  would  be  — ^^r —  =  100  per  cent. 

Similarly,  if  the  temperature  of  the  entering 

steam  is  800^  absolute,  and  the  temperature 

of  the  exhaust  steam  is  700°,  the  efficiency 

1^  w^  (800  — 700)X100      ,„- 
would  be ftoo ~  12.5  per  cent. 

Haying  seen  that  the  temperature  range 
determines  the  efficiency,  and  that  the 
greater  the  range  the  greater  the  efficiency, 
we  can  now  examine  the  two  ways  in  which 
the  temperature  range  can  be  increased. 
We  must  either  lower  the  temperature  of 
the  exhaust  steam  or  raise  the  temperature 
of  the  entering  steam.  The  temperature  of 
the  exhaust  steam  can  only  be  lowered  by 
adding  a  condenser,  and  the  lowest  temper- 
ature attainable  in  practice  is  about  562° 
absolute,  corresponding  to  a  vacuum  of  28 
inches  in  the  condenser.  This  vacuum  may 
be  considered  the  best  obtainable  in  ordinary 
practice. 

Knowing  the  sharply  defined  limit  below 
which  the  temperature  cannot  be  lowered, 
we  will  now  consider  the  other  way  of 
increasing  the  temperature  range.  As  the 
temperature  of  the  steam  increases  with 
the  pressure,  it  is  evident  that  by  raising 
the  steam  pressure  of  the  entering  steam, 
and  keeping  the  pressure  of  the  exhaust 
steam  as  low  as  feasible,  the  temperature 
range  is  increased.  Following  out  this  idea, 
pressures  have  been  raised  from  the  8  to  10 
pounds  carried  in  the  time  of  Watt,  to  225 
pounds  per  square  inch,  and  over. 

In  connection  with  this,  it  is  well  to  bear 
in  mind  that,  in  an  actual  steam  engine, 
high  pressure  in  itself  is  not  necessarily  a 
measure  of  economy,  neither  is  a  great  tem- 
perature range  always  the  most  economical 
condition  obtainable  in  an  actual  engine. 
Practical  considerations,  many  of  which  can- 
not be  calculated  with  any  great  degree  of 
accuracy,  here  enter  into  the  problem.  In 
an  actual  engine,  it  is  not  possible  to  trans- 
form all  the  heat  abstracted  into  useful  work, 
and  it  must,  or  rather  should,  be  the  aim 
to  reduce  the  heat  losses  to  the  smallest 
quantity  possible. 

Referring  again  to  an  ideal  steam  engine, 
where  it  is  assumed  that  all  of  the  heat  is 
transformed  into  useful  work,  the  most 
obvious  way  of  getting  a  large  temperature 
range  will  be  to  use  a  high  steam  pressure 


and  an  early  cut-off.  But  as  soon  as  we  try 
to  do  this  in  an  actual  single-cylinder  engine 
(known  technically  as  a  simple  expansive 
engine),  we  are  confronted  by  practical  diffi- 
culties, the  chief  one  being  the  initial  con- 
densation of  the  entering  high-pressure  steam 
subsequent  to  the  cooling  of  the  cylinder 
walls  by  the  exhaust  steam.  Let  the  tem- 
perature of  the  entering  steam  be  753° 
absolute,  and  the  temperature  of  the 
exhaust  steam  613°  absolute.  Then,  the 
£Edl  in  temperature  during  expansion  will 
be  753°  —  613°  =  140°.  Now,  the  cylinder 
walls,  especially  in  engines  having  a  very 
slow  piston  speed  and  having  the  cylinder 
poorly  covered*  will  cool  off  to  nearly  the 
temperature  of  the  exhaust  steam,  and  hence 
the  incoming  steam  must  give  up  part  of  it9 
heat  in  order  to  heat  the  cylinder  walls 
again.  As  a  matter  of  course,  the  condensed 
steam  represents  nearly  a  total  loss  of  heat 
We  say  nearly^  because  owing  to  the  fact  that 
the  cylinder  walls  do  not  cool  eniirdy  down 
to  the  temperature  of  the  exhaust  steam, 
some  of  the  steam  condensed  on  entering 
is  evaporated  again  near  the  end  of  the 
stroke. 

Suppose,  now,  that  the  temperature  of  the 
incoming  steam  is  842°  absolute,  and  that 
the  temperature  of  the  exhaust  steam  is 
again  613°.  We  now  have  a  temperature 
range  of  842°  — 613°  =  229°.  A  Uttle 
thought  will  show  that  with  this  enlarged 
temperature  range,  a  good  deal  more  initial 
condensation  will  occur  in  order  to  raise  the 
temperature  of  the  cylinder  walls  to  842° 
again.  From  this  the  conclusion  may  be 
drawn  that  increasing  the  range  of  tem- 
perature increases  the  loss  due  to  cylinder 
condensation. 

From  the  foregoing  it  can  be  inferred,  and, 
in  &ct,  is  borne  out  in  practice,  that  a  high 
thermal  efficiency,  if  calculated  for  an  actuad 
engine,  does  not  necessarily  mean  that  the 
engine  will  be  economical.  In  practice,  we 
want  an  engine  to  develop  the  greatest 
amount  of  power  with  the  least  expenditure 
of  money,  and  as  it  costs  money  to  produce 
steam,  we  may  say  the  amount  of  steam 
consumed  per  horsepower  per  hour  is  the 
measure  of  the  economy  of  the  engine. 
Hence,  it  is  seen  that  the  terms  *'  thermal 
efficiency''  and  "economy,"  when  applied 
to  an  engine,  while  correlated  are  not  synony- 
mous—a fact  that  the  steam  engineer  must 
well  bear  in  mind. 

Having  seen  that  a  high  ratio  of  expansion, 
i.  e.,  a  high  temperature  range  in  a  single 
cylinder,  means  a  great  initial  condensation 
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and  Bubeeqaent  Iobb  in  economy,  let  us  see 
what  the  effect  will  be  if  the  expansion  of 
the  steam  takes  place  in  snocessive  stages  in 
several  cylinders  throngh  the  same  tempera- 
tore  range.  Then,  the  total  temperature 
range  being  the  same,  it  is  evident  that  the 
temperature  range  in  each  cylinder  will  only 
be  a  fraction  of  it,  and  the  effect  of  this  is  to 
reduce  the  condensation  loss  considerably 
below  that  occurring  in  one  cylinder  having 
the  same  total  temperature  range.  This 
fact  has  been  established  beyond  doubt  by 
numerous  experiments,  and  has  led  succes- 
sively to  the  adoption  of  compound  engines, 
then  triple-expansion  engines,  and  lately 
quadruple-expansion  engines. 

We  will  now  consider  some  &cts  showing 
the  reaaon  why  a  division  of  the  temperature 
range  between  several  cylinders  tends  to 
reduce  cylinder  condensation. 

It  takes  an  appreciable  period  of  time  to 
change  the  tempehiture  of  the  cylinder  walls 
from  the  temperature  of  the  exhaust  steam 
to  that  of  the  entering  steam.  In  most 
cases,  if  not  in  all,  the  time  during  which 
the  entering  hotter  steam  is  in  contact  with 
the  cylinder  walls  is  so  short  that  the  incom- 
ing steam  cannot  heat  them  to  its  own 
temperature.  Likewise,  the  time  during 
which  the  cylinder  walls  are  in  contact  with 
tiie  exhaust  steam  is  usually  so  short  that 
they  do  not  cool  entirely  down  to  its  final 
temperature.  Consequently,  the  fluctuation 
of  temperature  of  the  cylinder  walls  is  less 
than  the  temperature  range  of  the  incoming 
and  exhaust  steam. 

It  is  a  well-known  fact  that  the  rate  at 
which  heat  passes  from  a  hot  body  (the 
entering  steam  in  this  case)  to  a  cold  body 
(the  cylinder  walls  in  the  caae  under  con- 
sideration) depends  on  the  difference  in 
temperature  between  the  two  bodies.  When 
the  temperature  difference  is  great,  the  rate 
of  heat  transmission  is  much  larger  pro- 
portionally than  it  would  be  if  the  tempera- 
ture difference  were  small.  In  other  words, 
the  rate  at  which  the  transfer  of  heat  takes 
place  increases  much  faster  than  the  tem- 
perature difference. 

It  follows  from  this  principle,  when  the 
difference  in  temperature  between  that  of 
the  incoming  steam  and  that  of  the  cylinder 
walls,  previously  cooled  by  the  exhaust,  is 
small,  that  less  heat  in  proportion  to  the  tem- 
perature difference  will  be  given  up  to  reheat 
the  cylinder  walls  than  would  be  the  case  for 
a  larger  temperature  difference.  Similarly, 
if  the  temperature  of  the  exhaust  steam  is 
but  little  below  that  of  the  cylinder  walls. 


less  heat  in  proportion  to  the  temperature 
difference  will  be  lost  by  the  cylinder  walls. 

Now,  by  expanding  steam  successively  in 
several  cylinders,  we  not  only  decrease  the 
temperature  range  in  each  cylinder,  but  also 
greatly  decrease  the  fluctuation  in  tempera- 
ture of  the  cylinder  walls.  Then,  as  the 
rate  of  heat  transmission  is  proportionally 
much  smaller  for  a  small  fluctuation  of 
temperature,  it  follows  that  the  sum  of  the 
condensation  losses  in  the  several  cylinders 
will  be  smaller  than  the  condensation  loss 
occurring  in  a  single  cylinder  having  the 
same  temperature  range  between  the  initial 
and  final  temperatures. 

Another  probable  cause  of  reduction  of 
cylinder  condensation  by  compounding  is 
that  the  steam  condensed  in  the  high-pres- 
sure cylinder,  and  reevaporated  during  the 
exhaust  period,  enters  the  low-pressure 
cylinder  as  9Uam;  hence,  the  heat  given  up 
in  the  high-pressure  cylinder  by  the  enter- 
ing steam  in  heating  the  cylinder  walla  is 
not  a  total  loss,  as  would  be  the  case  if. 
Instead  of  exhausting  into  a  second  cylinder, 
exhaust  took  place  into  the  atmosphere  or 
into  a  condenser. 

It  must  not  be  inferred,'  however,  that  it 
was  solely  due  to  the  reduction  of  cylinder 
condensation  that  compound  engines  have 
come  in  favor.  There  are  certain  mechan- 
ical advantages  to  be  derived  by  their 
employment,  which,  undoubtedly,  have  con- 
tributed in  a  lai^ge  measure  to  their  adoption. 

Referring  now  to  a  compound  having 
cranks  at  a  right  angle,  it  can  readily  be 
shown  that  it  will  run  more  steadUy  than  a 
single-cylinder  engine  having  the  same 
steam  pressure  and  weight  of  fiywheeL  A 
triple-expansion  engine  with  cranks  at  120^ 
to  each  other  will  run  even  steadier  than 
the  compound.  Of  course,  the  same  steady 
running  may  be  obtained  by  coupling  two 
or  more  simple  expansive  engines  to  the 
cranks;  but  even  if  this  is  done,  it  can  be 
shown  that  the  two-crank  compound  is 
subject  to  much  lighter  strains  than  the  two- 
crank  two-cylinder  simple  expansive  engine 
having  the  same  power,  initial  pressure,  and 
ratio  of  expansion.  The  same  statement 
applies  to  triple-expansion  engines  as  well. 
The  parts  being  subjected  to  less  strain,  and 
also  to  less  variation  in  strun,  they  may  be 
made  lighter  in  the  compound  and  triple- 
expansion  engines  than  is  possible  in  a 
multiple-cylinder  simple  expansive  engine. 

The  question  will  naturally  arise:  When 
is  it  advisable,  for  the  sake  of  reduction  of 
cylinder  condensation,  to  use  a  compound 
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engine  instead  of  a  simple  expansiye  engine? 
Unfortonately,  no  definite  answer  can  be 
given  to  this  qnestion,  as  the  answer  must 
take  in  account  all  of  the  conditions,  which 
wiU  vary  for  each  case.  In  general,  a  simple 
expansive  engine  wiU  become  uneconomical 
and  can  be  replaced  to  advantage  by  a  com- 
pound, at  least  as  far  as  coal  consumption  is 
concerned,  when  the  real  cut-off  is  earlier 
than  that  given  by  dividing  22  by  the  sum 


of  the  absolute  initial  pressure  in  pounds 
per  square  inch  and  22. 

If  tiie  cylinder  is  steam-jacketed  and  well 
protected  otherwise  by  non-conducting  mate- 
rial, the  cut-off  may  take  place  quite  a  little 
earlier  without  excessive  cylinder  condensa- 
tion, when  the  simple  expansive  engine  may 
show  as  high  economy  as  a  poorly  designed 
compound  engine,  and,  under  fovorable  con- 
ditions, it  may  show  even  greater  economy. 


A  UNIQUE  FIRE-ENGINE 

F.  O.  Jones,  Ex-Chief  Engineer 


THE  difficulties  that  confront  modem  fire- 
fighters have  led  to  the  introduction  of 
many  curious  contrivances.  The  latest, 
but  by  no  means  the  least,  of  these  is  now  in 
posBOOsion  of  the  New  York  City  fire  depart- 
ment. It  is  a  fire-engine  that  does  not  throw 
either  water  or  chemicals  of  any  kind,  but 
which,  nevertheless,  marks  the  inauguration 
of  a  new  and  important  branch  of  the 
fire-service. 

In  brief,  this  new  engine  is  a  complete 
and  very  compact  electrical-lighting  plant 
mounted  on  wheels.  The  idea  of  having 
such  a  machine  at  fires  would  have  been 
ridiculed  ten  years  ago,  but  many  things 


that  our  fathers  looked  upon  as  foolishness 
have  developed  into  wisdom  with  us. 

As  to  general  appearance,  this  new  engine 
so  closely  resembles  an  ordinary  fire-engine 
that  it  might  easily  be  mistaken  for  one  in 
the  semidarknees.  But  let  us  proceed  to  a 
description  in  detail. 

To  begin  with,  suspended  between  the 
rear  wheels  is  the  upright  tubular  boiler 
used  in  all  fire-engines  for  the  quick  genera- 
tion of  steam.  Between  this  and  the  driver' s 
seat,  which  occupies  its  customary  place  on 
the  front  end,  however,  the  novelty  comes 
in.  The  pumping  machinery  has  disap- 
peared, and  in  its  place  there  is  a  small  but 


Digitized  by 


Google 


214 


A    UNIQUE  FIRB-ENQINE 


powerfdl  dynamo,  which  is  connected  to  a 
highHspeed  engine.  Just  back  of  the  driver's 
seat  is  a  small  iron  platform  that  holds  what 
is  perhaps  the  most  important  part  of  the 
whole  machine — two  projectors,  or  search 
lights. 

These  Rnshmore  projectors  are  of  the  same 
general  type  as  those  used  on  board  oar 
war  ships,  but  owing  to  the  nature  of  the 
work  they  were  made  for,  have  less  power. 
The  lenses  are  18  inches  in  diameter.  For 
long-range  work,  a  plain  lens,  throwing 
parallel  beams  of  light,  is  used;  or,  by  using 
the  special  deflecting  glass  fronts,  a  large  area 
may  be  covered  at  short  range.  The  pro- 
jector tubes,  or  barrels,  which  are  sheathed 
with  copper,  are  2  feet  long  and  hung  in 
the  center  on  fork-like  standards.  By  turn- 
ing these  standards,  the  projectors  may  be 
made  to  describe  the  entire  horizontal  circle, 
or,  if  turned  on  their  pivots  or  bearings,  the 
entire  perpendicular  circle.  The  combina- 
tion of  these  two  movements  permits  of  their 
being  used  in  any  possible  direction.  The 
lamps  are  self-regulating,  and  an  adjustable 
rheostat  for  each  is  located  under  the  driver's 
seat,  in  order  to  allow  the  current  to  be 
adjusted. 

Provision  is  also  made  for  removing  the 
projectors  from  the  engine.  When  occasion 
arises,  one  or  both  projectors  may  be  car- 
ried to  any  point  of  vantage,  such  as  an 
alley,  the  rear  of  a  building,  or  even  into 
the  building  itself.  To  permit  of  this  being 
done,  two  extra  bases,  holding  reels  wound 
with  200  feet  of  mining-machine  cable,  are 
carried  on  the  rear  framework,  directly  over 
the  fuel  pan.  In  the  base  of  the  reels  are 
sliding  connections.  When  a  projector  is 
removed,  one  of  the  reels  takes  its  place  on 
the  forward  platform.  The  extra  base  is 
carried  wherever  wanted  and  the  projector 
mounted  thereon.  It  may  then  be  operated 
the  same  as  when  on  the  engine. 

The  normal  speed  of  the  engine  is  650  rev- 
olutions per  minute,  and  drives  the  direct- 
connected  generator  that  furnishes  a  current 
of  65  amperes  at  80  volts,  and  this  in  turn  a 
light  of  8,000  candlepower  in  each  of  the 
projectors.  This  Bullock  generator  is  entirely 
enclosed,  so  that  it  is  impossible  for  rain  or 
stray  fire-streams  to  damage  the  armature  or 
field  windings.  The  engine,  built  by  W.  B. 
Forbes  &  Ck).,  has  b"  X  b"  cylinders,  and  is 


extremely  light  and  compact  for  its  power. 
It  is  also  provided  with  a  sensitive  shaft 
governor  that  gives  dose  speed  regulation. 
Each  projector  is  rated  at  8,000  candlepowor 
when  taking  a  current  of  35  amperes.  This 
throws  ordinary  arc  lights  into  the  shade, 
and  rays  of  such  power  and  brilliancy  will 
not  only  throw  into  bold  relief  the  side  of  a 
building,  but  what  is  even  more  to  be 
desired,  they  will  pierce  smoke  almost  like 
sunlight. 

This  novel  fire-engine  is  located  in  one 
of  New  York's  down-town  engine  houses, 
undeigoing  a  practical  test  of  its  usefUness. 
It  is  only  used,  of  course,  at  fires  of  some 
importance  that  occur  during  the  night,  and 
when  wanted  is  called  for  by  a  special  signal. 
The  crew  of  four  men  that  operates  it  con- 
sists of  a  foreman,  two  engineers,  and  a 
driver.  It  is  drawn  by  two  horses,  being 
what  firemen  term  a  ''two-horse  hitcdL" 
Upon  arriving  at  a  fire,  it  is  placed  in  the 
most  advantageous  position  and  the  current 
turned  on.  With  such  powerful  lights  as 
these  creeping  everywhere,  there  should  be 
small  need  of  the  insignificant  lanterns  or 
other  sources  of  light. 

One  of  the  greatest  hindrances  to  firemen 
is  darkness.  When  this  has  been  dispelled 
by  the  search  lights,  they  will  be  able  to 
work  much  more  rapidly  and  surely,  not 
only  in  subduing  the  fire  itself,  but  in  saving 
human  life,  which  is  all-important;  indeed, 
the  engine  was  built  with  the  latter  object 
chiefiy  in  view. 

This  new  departure  in  fire-fighting  appli- 
ances is  the  idea  of  Chief  Groker,  who  was 
for  many  years  assistant  to  Chief  Bonner, 
and  lately  succeeded  him  as  the  head  of 
New  York's  department.  It  was  manufac- 
tured  by  La  France  Fire-Engine  Company, 
of  Elmira,  N.  Y.,  and  cost  not  far  from 
15,000.  Its  weight  is  6,500  pounds,  or  about 
the  same  as  that  of  an  ordinary  steamor. 
The  accompanying  figure  will  give  a  good 
idea  as  to  the  general  appearance  of  the 
engine. 

Though  somewhat  in  the  nature  of  an 
experiment,  there  can  be  no  question  of  its 
value  or  utility.  The  only  wonder  is  that 
the  idea  was  not  sooner  conceived  and  put 
into  execution.  In  all  probability  not  many 
years  will  elapse  before  all  large  dtiee  will 
have  their  search-light  engines. 
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Turn  Vaulted  Roof  Ubually  a  Feature  in  Chubch  Architbctubb — Two  Methods  op 
Building  the  Tbusses,  With  Details  of  Constbuction  and  Finish 


THE  underlying  principles  of  Grothic  archi- 
tecture are  the  concentration  of  weights 
on  isolated  piers  and  balanced  thrusts. 
These  great  principles,  however,  are  seldom 


to  which  medievalists  applied  it.  Since, 
therefore,  we  cannot  follow  out  the  true 
prindplee  of  Gothic  architecture,  and  as  we 
cannot  build  with  massive  walls  and  strong 
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realized  in  the  modem  church  edifice.  The 
reason  for  this  is  evident,  as  the  roofs  are 
constructed  of  timber,  not  of  stone,  and  the 
masomy  required  in  the  walls  is  too  expen- 
sive an  item  to  be  indulged  in  to  the  extent 


buttresses,  the  roof  must  be  so  constructed 
as  to  be  self-supporting.  By  self-supporting 
is  meant  that  the  space  spanned  by  the  roof 
proper  is  clear  of  intermediate  supports,  and 
that  the  roof  is  not  dependent  for  its  stability 
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on  shore  poets,  props,  buttresses,  or  heavy 
walls  of  masonry  designed  to  resist  great 
horizontal  thrusts. 

The  roofis  of  most  modern  churches  and 
chapels  are  of  steep  slope,  as,  in  this  man- 
ner, the  Gothic  effect  usually  desired  in 
ecclesiastical  work  is  emphaidced,  though 


decreased,  but  the  oblique  reaction  at  the 
foot  of  the  principals,  due  to  the  wind  pres- 
sure, is  increased.  By  proper  provision  in 
the  construction  of  the  trusses,  the  tendency 
of  the  rafter  members  to  spread  and  create 
horizontal  thrusts  under  vertical  loads  can 
be  eliminated,  and  all  the  forces  on  the  walls 
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the  steep  roof  is  not  a  necessary  adjunct 
to  this  style  of  architecture.  From  a  con- 
structive point  of  view,  the  steep  roof  is  an 
advantage  in  one  way,  and  a  disadvantage 
in  another;  for,  as  the  slope  of  the  roof 
increases,  that  is,  becomes  steeper,  any  hori- 
zontal thrust,  due  to  the  vertical  load,  is 


will  be  vertical.  The  same  tendency  of  the 
rafter  members  toward  movement  at  their 
feet  is  created  by  the  wind  pressure,  unless 
the  roof  is  of  an  exceedingly  steep  slope,  or 
the  windward  end  is  on  rollers.  This  move- 
ment of  the  rafters  is  likewise  taken  care  of 
in  the  construction  of  the  truss. 
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Since  the  principftls  of  the  ordinary  church 
roof  are  frequently  Becnred  to  the  wall  platee, 
and  as  the  wind  pressure  is  normal  to  the 
slope,  and,  conseqaently,  acts  in  an  oblique 
direction,  the  reaction  at  the  feet  of  the 
trusses,  caused  by  the  wind,  is  likewise 
oblique,  and  for  this  reason,  even  when  the 
truss  is  self-supporting,  the  walls  must  have 
considerable  resistance  against  lateral  moye- 
ment.  The  weight  of  the  roof,  however, 
materially  assists  them  to  maintain  their 
equilibrium,  and  the  usual  thickness  of  walls 
demanded  by  good  practice  in  masonry  is  all 
that  is  required,  especially  as  the  walls  in 
these  etruetures  are  often  reinforced  by  but- 
treeops  deigned  mainly  for  appearnnce  and 
to  give  the  buildiiig  the  earmarks  of  a  Gothic 
edifice. 

Fig.  1  ahows  the  cooatructioQ  of  a  iteep 
roof  and  vaulted  celling  over  a  ttmall  chapeL 
The  dtftietilty  in  thia  case  vae  that  tle^roda 
could  not  be  carried  down  to  the  heel^  or 
foot,  of  the  rafter  member,  because  in  io 
doing  they  would  protrude  through  the 
finished  line  of  the  ceiling.  The  effect  de- 
sired in  the  interior  was  that  of  a  plaetered 
ceiling,  with  plastered  ribe  oe^urriDg  directly 
beneath  e«ch  prLncipal,  the  ceiling  springing 
from  a  molded  cornice,  and  the  ribi  from  a 
corbel  projecting  from  the  wall  somewhat 


these  tie-members  do  not  run  to  the  foot  of 
the  principals,  there  is  created  at  the  point  B 
considerable  bending  moment  that  must  be 
resisted  by  the  transverse  strength  of  the 
timber  forming  the  rafter  member.  It  was 
found  necessary,  in  order  to  obtain  sufficient 
strength  and  provide  means  of  making  a 
secure  connection,  to  form  of  this  member  a 
compound  beam.  This  was  accomplished 
by  using  an  outside  piece  of  10^^  X  12^^ 
yellow  pine,  and  bolting  to  it  two  pieces  of 
4^^  X  12^^  yellow  pine,  leaving  a  2-inch 
space  between,  through  which  it  was  con- 
venient to  extend  the  tension  bar  and  secure 
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lower  down.  It  was  deshrable  in  this  case 
that  the  truss  be  self-supporting,  conse- 
quently the  members  had  to  be  retained 
against  spreading.  This  was  done  by  intro- 
ducing the  tension  bars  with  tumbuckles, 
as  shown.  In  order  to  realize  the  full 
strength  of  these  bars,  it  was  necessary  that 
they  should  be  fastened  with  some  security 
to  the  timber  member.  The  efficient  man- 
ner in  which  this  was  done  can  be  seen  from 
a  detail  of  the  connection  at  J?,  and,  from 
this  detail,  it  wiU  be  noticed  that  as  the 
stress  increases  on  the  bars,  the  tighter  the 
grip  of  the  connection  will  become.    Since 


it  to  the  pin.  Though  the  timbers  are  firmly 
held  together  by  bolts,  they  are  not  secure 
against  the  tendency  to  slide  along  their 
junction  created  by  the  transverse  stress, 
and,  in  order  to  eliminate  this  tendency, 
hardwood  keys  were  inserted,  as  shown. 
The  straining  beam  on  which  the  tension 
bars  pull,  as  it  were,  must  also  be  of  stout 
timber,  which  is  held  in  place  by  a  short 
tenon  and  bolt,  binding  the  truss  together 
at  this  point.  Of  course,  the  W  X  12'^ 
timber  need  not  have  been  extended  to 
the  apex,  as  a  light  framework  could  have 
been  built  above  the  straining  beam.     This 
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would  not  be  good  practice^  however,  be- 
cause the  line  of  demarcation  between  the 
light  and  heavy  confltruction  would  surely 
show  on  the  roof  from  the  exterior,  on 
account  of  settlement  or  deflection,  which 
in  time  is  certain  to  occur  in  almost  every 
timber  structure. 

The  6^^X10^^  purlins  are  notched  into 
the  prindpals  1^  inches,  and  are  provided 
with  wrought-iron  dogs  spanning  the  prin- 
cipals and  driven  into  the  adjacent  ends 
of  the  purlins.  This  holds  the  structure 
firmly  together,  longitudinally,  though  there 
is  little  tendency  for  movement  in  this  direc- 
tion, where  gables  are  erected  at  each  end. 
Furring  ribs  must  be  provided  for  the  ceiling, 
which  are  supported  as  shown,  being  notched 
and  toe-nailed  between  3^^  X 12^^  spruce 
joists  hung  from  the  truss  by  2^^  X  ^'  pieces. 
These  timbers  in  some  positions  are  notched 
over  the  truss  and  bolted,  and  in  other 
places  simply  bolted  to  the  principal  The 
ribs  should  be  as  narrow  as  possible,  in 
order  to  avoid  excessive  shrinkage,  and  thus 
reduce  any  tendency  for  the  ceiling  to  assume 
warped  surfiaces,  which  are  sure  to  show  up 
disagreeably  as  the  light  is  reflected  on  the 
plaster. 

Interior  treatment  of  the  church  or  chapel 
often  demands  that  the  timber  trusses  shall 
show  and  form  a  part  of  the  decorative  fea- 
tures, and  that  the  construction  of  the  entire 
roof  shall  be  plainly  visible.  This  principle 
is  truly  architectural,  because  high  art  in 
architecture  is  the  ornamentation  of  con- 
struction, not  the  construction  of  ornamen- 
tation. When  this  treatment  is  required,  it 
is  necessary  that  the  truss  shall  be  so  con- 
structed as  to  ofier  a  pleasing  appearance. 
Diagonal  tie-rods  of  iron  or  steel  are  rather 
unsightly,  and,  consequently,  they  cannot 
be  used  unless,  of  course,  they  are  hidden  in 
the  timber  work. 

The  truss  that  meets  the  requirements  best 
is  that  known  as  the  haaiMMT-beam  tnus.  In 
this  truss,  the  usual  form  of  which  is  shown 
in  Fig.  2,  there  is  considerable  bending 
moment  created  at  the  middle  of  the  prin- 


cipal rafter,  which,  unless  resisted  by  the 
transverse  strength  of  the  material  at  this 
point,  creates  a  horizontal  thrust  that  must 
be  taken  up  by  the  roof  of  the  side  aisle.  If 
there  are  no  side  rooft,  the  main  walls  have 
to  be  properly  strengthened  by  buttresses. 
The  purlins  in  this  design  are  separated 
by  wrought-iron  stirrups  as  well  as  being 
notched  i  inch  into  the  prindpaL  This  is 
excellent  construction,  since  the  timber  is 
weakened  very  little. 

From  Fig.  3,  it  will  be  seen  how  sus- 
ceptible is  this  construction  to  architectural 
treatment.  It  will  be  noticed  from  the 
sketch  that  the  lower  end  of  the  hammer 
beam  resting  on  the  gable,  and  running 
the  full  width  of  the  dearstory  of  the  nave, 
is  carried  on  an  arcade  running  lengthwise 
of  the  building.  This  arcade  offers  littie 
resistance  to  deflect  sideways,  and,  oonse- 
quentiy,  as  there  are  oblique  reactions  due 
to  the  wind  and  a  possibility  of  some  hori- 
zontal thrust  due  to  the  truss  changing 
form  under  its  loads,  they  should  be  stiffened 
in  some  manner.  This  purpose  is  accom- 
plished by  the  rafters  of  the  aisle  roof,  as 
previously  mentioned,  the  construction  of 
which  is  shown  at  (a).  Fig.  2.  These  rafters 
act  as  shore  poets;  any  tendency  for  the 
arcade  to  move  sideways  is  transferred  back 
to  the  abutments,  which  are  built  on  the 
outer  waU. 

There  is  littie  dse  that  can  be  said  in 
regard  to  these  trusses.  The  drawings  are 
working  drawings,  and  dearly  show  the 
construction  in  all  its  details.  While  there 
are  many  ways  in  which  problems  in  con- 
struction can  be  met,  these  two  examples 
may  offer  some  suggestions  that  can  be 
followed  in  many  cases.  They  have  proved 
practical,  because  they  have  been  actually 
built  and  occupy  today  their  podtions  of 
trust,  by  maintaining  the  integrity  of  the 
roofii  over  several  edifices,  and,  though  the 
details  of  construction  maybe  modified  some- 
what to  meet  special  requirenients,  they 
offer  good  examples  in  timber  construction 
as  applied  to  church  rooft. 


SOLUTION    FOR  ACETYLENE    GENERATORS 


\  GETYLENE  generators  may  be  prevented 

J\    from  freezing  by  making  a  saturated 

solution  of  common  salt  and  water  and 

chaiging  the  machine  with  it.     Professor 

Lewis,  one  of  the  best  known  authorities  on 


acetylene,  recommends  the  use  of  this  prep- 
aration in  places  where  the  machine  is 
likely  to  be  subject  to  frost  If  properly 
prepared,  the  solution  will  not  freeze  until 
its  temperature  is  about  6®F. 
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H.  s.  ^A^. 

USB  OF  TbLBORAPH  CoDBB — CiPHBB  OR  SbCRBT  GoDB — HoW  A  CiPHBB  CODB  Is  MaDB 


DTJKING  onr  war  with  Spain,  and  in  the 
war  in  South  Africa,  most  all  cable 
messages,  in  order  to  decrease  the  cost 
of  tranamisaion,  were  sent  by  some  sort  of 
code,  and  important  government  messages 
were  sent  in  a  cipher  code.  Very  few  per- 
8c»i8  realize  how  extensively  telegraph  codes 
are  nsed,  and  how  easily  a  cipher  code  can 
be  arranged  by  the  help  of  some  code  book, 
of  which  there  are  several  on  the  market. 

The  only  signals  that  can  be  sent  over  a 
cable  or  telegraph  line  are  the  dot  and  the 
dash.  All  letters  of  the  alphabet  and  all 
numerals  are  made  by  combinations  of  these 
dots  and  dashes,  with  intervening  spaces. 
Then  the  letters  and  numerals  may  be  com- 
bined and  transmitted  in  any  order  that 
suits  the  sender  of  a  cable  or  telegraph  mes- 
sage. There  are  several  very  extensive  and 
complete  code  systems  arranged  for  the  gen- 
eral public,  but  they  are  used  mostly  for 
sendiiig  cablegrams.  By  their  use,  a  long 
message  can  be  transmitted  by  means  of  a 
few  words,  and  thus  the  cost,  which  might 
otherwise  be  very  high,  can  be  made  quite 
reasonable.  These  codes,  which  are  pub- 
lished in  book  form,  make  quite  a  fair-sized 
book,  of  which  both  receiver  and  sender 
must  have  a  copy,  as  the  telegraph  and  cable 
companies  do  not  form  or  translate  messages. 
By  tiie  use  of  a  code,  a  secret  or  private 
cipher  can  very  easily  be  arranged,  as  will 
be  shown  presently. 

The  method  of  using  a  code  can  be  illus- 
trated best  by  an  example,  using  some  par- 
ticular code.  Each  page  in  the  A-B-C  code 
book  is  divided  into  three  columns.  In  the 
first  column  are  figures  from  1  to  99,999, 
inclusive;  in  the  second  column  are  words 
or  oombinations  of  letters  arranged  alpha- 
beticaUy ;  and  in  the  third  column  are  placed 
the  words,  phrases,  or  sentences  that  the 
numbers  or  words  in  the  first  or  second 
column  represent.  Suppose  that  the  body 
of  a  message  to  be  cabled  is  as  follows,  the 
address  and  signature  being  omitted: 

l\ig8  now  atsitting;  we  wrUe  you  fuU  par- 
iiculan. 

In  the  code  book,  the  sender  of  the  mes- 
sage would  look  up  the  important  words 
"tugs"  and  "write."  These  two  words 
would  be  found  in  their  proper  places,  and 


the  complete   line  containing  each   is   as 
follows: 


lUt6J^        Turtle     '  Tug  («)  now  aBstsHng, 


16M9  I    WorthUy    '  I{fve)wrUev(mfuUparticuUirt. 


I 


The  body  of  the  message  would  then  be 
written  by  the  customer  ready  for  transmis- 
sion as  follows: 

TurOe  Worthily, 

The  sending  operator  would  transmit  these 
two  words,  and  the  party  to  whom  the  cable- 
gram was  addressed  would  find  the  meaning 
by  looking  up  in  his  code  book  the  two 
words,  "turtle"  and  "worthily."  Thus, 
instead  of  eight  words,  only  two  need  be 
transmitted  and  paid  for.  In  this  way,  all 
cablegrams  can  be  shortened  and  sent  at 
much  lees  expense  by  the  use  of  a  code. 

By  the  use  of  such  a  code,  any  one  can 
arrange  a  secret  or  private  cipher.  To  do 
this,  take  some  word  in  which  no  letter  is 
used  more  than  once,  and,  preferably,  a 
word  that  has  ten  letters.  The  word  "  Cum- 
berland" satisfies  these  two  conditions. 
Arrange  it  as  follows: 

Cumberland 
1234567890 

In  the  first  column  of  the  code  book, 
opposite  the  two  phrases  "Tug(B)  now 
assisting,"  and  "I  (we)  write  you  full  par- 
ticulars," are  the  two  numbers  14,643  and 
16,419,  respectively.  In  the  word  "Cum- 
berland," c  represents  the  numeral  1,  u  the 
numeral  2,  and  so  on.  Thus,  the  num- 
ber 14,643  is  represented  by  the  group  of  let- 
ters cbrbm,  and  the  number  15,419  by  cebcn. 
On  the  message  blank,  the  sender  using  this 
cipher  code  would  write,  as  the  body  of  the 
message,  the  two  following  combinations  of 
letters,  for  they  are  not  necessarily  words: 
cfrr6m       cebcn 

These  letters  would  be  transmitted  in 
groups  exactly  as  written,  and  the  party  to 
whom  the  message  was  addressed  would 
first  translate  it  into  the  two  numbers 
14,643  and  15,419  by  means  of  the  private 
code  word  "  Cumberland  "  and  the  numerals 
corresponding  to  each  letter  in  this  word. 
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Then,  by  looking  up  these  nombera  in  the 
code  book,  the  correct  meaning  would  be 
obtained.  It  is  evident  that  only  the  parties 
knowing  what  nnmeral  corresponded  to  each 
letter  in  the  code  word  could  interpret  the 
message.  Thus,  it  is  quite  easy,  eyen  by 
using  a  code  book,  which  can  be  purchased 
anywhere,  to  arrange  a  cipher  or  secret  code. 
The  ten  letters  may  even  be  chosen  at  ran- 
dom from  the  alphabet;  it  is  not  necessary 
that  they  form  a  word. 

If  a  code  is  used  having,  say,  five  numer- 
als in  it,  that  is,  if  it  runs  up  to  99,999, 
then  each  combination  of  letters  transmitted 
should  contain  just  five  letters,  neither  more 
nor  less.  Therefore,  if  the  number  is  less 
than  10,000,  ciphers  must  be  prefixed  to 
make  five  numerals,  and  the  letter  corre- 
sponding to  the  cipher  must  be  written  on 
the  message  blank  and  transmitted.  This 
makes  each  combination  of  letters  trans- 
mitted contain  the  same  number  of  letters; 


in  the  case  of  the  A-B-0  code,  used  as  an 
illustration,  there  will  always  be  five  letters 
in  each  combination.  This  is  necessary  to 
avoid  the  risk  of  a  wrong  grouping  of  the 
letters  by  either  the  sending  or  receiving 
operator.  Suppose,  for  instance,  that  the 
word  ''best"  were  to  be  sent.  In  the  code 
book  would  be  found: 


USA 


Becalming 


Beat 


There  are  only  four  figures  in  1,734,  but 
five  must  be  used  by  prefixing  a  cipher; 
thus,  01,734,  and  the  corresponding  combi- 
nation of  letters  to  be  sent  would  be  ddmb. 

If  the  various  governments  possessed  not 
only  a  secret  code  word,  but  also  their  own 
secret  code  book,  it  would  be  utterly  impos- 
sible for  any  one,  not  possessing  both  the 
government  code  word  and  book,  to  translate 
the  cipher  messages. 


HOW^  TO  PREPARE  YOUR  HEATER  FOR 
THE  SUMMER 


Harold   Bjornsen 

Heaters  Dbpbbciate  Very  Much  During  Summer  While  Standing  Idle — How  to  Avoid 
Trouble  and  Expense  in  the  Fall 


N' 


[OW  that  the  heater  in  your  cellar  has 
kept  your  house  warm  and  comfortable 
for  the  last  six  or  seven  months,  and 
you  are  about  to  throw  it  out  of  commission, 
a  few  hints  on  how  to  **  fix  "  it  for  the  sum- 
mer will  not  be  out  of  place. 

Of  course,  we  know  you  are  terribly  dis- 
gusted with  your  heater  now  that  the  winter 
is  past — everybody  is  that  has  had  the 
never-to-be-forgotten  experience  of  running 
a  house  heater  when  the  mercury  stands  at 
one  of  those  weird  marks  below  zero  and 
the  wind  is  a  piping  gale.  Perhaps,  in  your 
haste  to  get  to  business,  you  have  even  for- 
gotten to  put  on  coal  some  morning  during 
the  trying  season,  and  on  returning  have 
found  your  poor  wife  hugging  the  hot- water 
boiler  in  the  kitchen  to  keep  warm.  It  is 
natural  for  a  householder  to  grumble  a  little 
about  his  heater,  particularly  when  he  has 
neglected  to  instruct  his  wife  how  to  attend 
to  it  during  emergency  cases,  and  it  is  only 
to  be  expected  that,  when  spring  comes  and 
he  feels  free  again,  he  will  drop  it  like  a  hot 


potato,  and   let  it  stand   untouched   and 
unattended  until  the  next  fall. 

Let  me  narrate  the  experience  of  a  dear 
friend  of  mine,  an  impecunious  man  of  vast 
intelligence,  who  in  his  study  is  a  giant 
among  men,  but  in  his  cellar  is  like  a  fish 
out  of  water.  He  put  upon  himself  the 
responsibility  of  keeping  the  house  warm 
during  winter  with  a  steam  boiler  he  had  in 
the  cellar.  He  knew  the  theory  of  steam 
generation,  and  could  compute  to  a  dedmal 
point  the  B.  T.  U.'s  that  should  be  given  off 
by  any  amount  of  steam.  He  could  deliver 
an  excellent  lecture  on  combustion,  from  a 
common  candle  up  to  a  whole  winter's 
supply  of  coal.  But  the  running  of  his  little 
steam  heater  almost  demoralized  him.  How- 
ever, like  all  other  brave  men,  he  stuck 
tenaciously  to  his  self-assumed  task,  and, 
somehow  or  other,  managed  to  wiggle 
through  the  winter.  In  the  spring  of  last 
year  this  martyr  hailed  me  with  a  smile  that 
brightened  his  whole  £ftce  and  predicted  good 


news. 
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^'BjonuseD,  old  boy,"  he  said,  "it's  all 
over  now— for  a  season  at  least  Don't  you 
think  Thanksgiving  Day  ought  to  come  in 
May  as  well  as  in  November?" 

"  Why?  What  for?"  queried  I,  not  see- 
ing things  as  he  at  that  moment  saw  them. 

"Because,"  he  continued,  ''I  shut  down 
on  the  heterogeneous  mass  of  old  steel  and 
iron  in  my  cellar  that  has  been  gormandizing 
good  coal  and  vomiting  abominable  ashes 
all  winter." 

It  ifl  needless  to  say  that  I  appreciated  his 
admirable  reasons  for  Thanksgiving  in  May. 

"But,"  I  remarked,  "did  you  fix  your 
heater  for  the  summer,  and  is  everything  in 
good  shape  for  next  winter?  " 

"Fix  nothing,"  he  replied,  disgustedly; 
"  I  will  attend  to  that  next  fall.  I  am  only 
too  glad  to  be  able  to  leave  the  old  thing 
alone  for  a  few  months.  Wouldn't  you  do 
the  same?" 

"  No,  sir;  not  any  more.  I  got  my  lesson 
about  four  years  ago,  and  I  dean  out  my 
heater  every  spring  now,  and  fix  it  for  the 
summer  before  it  is  actually  cold.  While 
giving  it  a  thorough  cleaning  out,  I  examine 
all  the  different  parts,  aud  if  any  repairs  are 
required  I  get  them  done  duriog  the  sum- 
mer; then  everything  is  ready  for  service  at 
any  moment." 

This  apparently  did  not  meet  with  the 
approval  of  my  fidend,  for  he  neglected  the 
heater  all  summer,  trusting  in  Providence 
and  the  maker's  name  on  the  boiler  front 
that  everything  would  be  all  right  in  the 
fall.  But  Providence  only  helps  those  that 
try  to  help  themselves,  and  boilermakers' 
guarantees  do  not  cover  neglected  boilers; 
so  he  met  his  Waterloo  last  winter.  A  cold 
snap  came  along  without  warning,  and  re- 
minded him  of  his  boiler  duties.  He  rushed 
down  to  the  cellar,  spoiling  a  good  three- 
dollar  derby  that  protected  his  head  from 
collision  with  a  steam  main.  He  tried  to 
open  the  fire-door,  but  it  was  rusted  fast  and 
would  not  yield.  Then  he  tried  the  ash-pit 
door,  but  that  was  just  as  bad.  "  Humph,' ' 
he  ejaculated,  while  the  perspiration  began 
to  show  on  his  noble  brow,  "  this  is  a  good 
omen — a  bad  beginning  usually  makes  a  good 
ending."  So  he  heroically  hurried  to  the 
wood  pile  for  the  ax,  murmuring  something 
about  "  this  heater  reminds  me  of  the  month 
of  March;  it  begins  service  like  a  lion;  I  sup- 
pose it  will  finish  up  like  a  lamb."  With 
such  beautifid  and  inspiriog  thoughts  flitting 
through  his  mind,  he  nobly  tried  to  pound 
the  fire-door  open.  Of  course,  he  hit  the 
wrong  place,  and  the  door  fell  on  the  floor — 


breaking  off  at  the  hinges.  This  made  him 
send  for  a  steam  fitter,  who  promised  to 
come  "  right  away." 

But  there  were  more  men  in  town  like  my 
friend,  and  they  all  wanted  steam  fitters  at 
the  same  time,  so  the  much-desired  indi- 
vidual did  not  appear  as  quickly  as  promised 
or  even  as  expected.  The  weather  got  colder 
toward  evening,  and  the  house  became  un- 
bearable. The  wife  and  little  ones  had  to 
go  "visiting"  to  keep  warm,  while  my  poor 
friend  returned  to  the  cellar  and  resumed 
operations  with  the  ax.  This  time  he  tried 
the  ash-pit  door,  and  after  repeated  shocks 
it  at  last  flew  open,  and  he  was  happy  again. 

"  Now,"  he  chuckled,  "  I  will  get  a  fire  m 
it  anyhow,  and  we'll  have  steam  up  before 
they  return  from  their  visit." 

The  ash-pit  was  full  of  cold,  damp,  clammy 
ashes,  and  so  was  the  fire-pot.  He  shoveled 
the  ashes  out  of  the  pit,  then  lifted  more  out 
of  the  fire-pot  with  his  hands,  for  they  were 
too  damp  to  foil  down  through  the  grate. 
Then  he  examined  the  dirty  water  gauge, 
and  he  was  sure  the  water  was  just  where 
he  left  it  last  spring,  and  his  last  precaution 
was  to  lift  the  safety  valve  off  its  seat  to  see 
that  it  had  not  stuck  Cast  like  the  doors. 
Finally,  with  his  soul  full*  of  hope  and  his 
teeth  chattering  in  his  head,  he  prepared  a 
fire  in  the  heater.  Being  in  a  hurry,  he 
literally  filled  the  firebox  and  combustion 
chamber  with  paper  and  wood,  and  started 
a  fire  that  was  destined  to  give  him  more 
trouble  than  the  rusted  doors — a  fire  that 
almost  brought  the  local  fire-brigade  on  the 
scene.  The  flames  leaped  up  rapidly  through 
the  paper  and  wood;  smoke  belched  forth 
into  the  cellar  through  the  open  fire-door. 
He  hurried  to  put  on  the  broken  door  and 
thus  keep  in  the  smoke,  but  before  he  could 
place  it  the  smoke  burst  into  flame  and 
singed  his  whiskers.  For  a  moment  he  fell 
back  astounded  at  the  ferocity  of  the  flames, 
whose  darting  tongues  now  licked  the  ceiling 
joists  and  threatened  the  destruction  of  his 
home.  To  put  on  the  broken  door  was  out 
of  the  question,  but  presence  of  mind  saved 
the  house,  for  he  instantly  closed  the  ash-pit 
door  with  a  ferocious  kick  that  stubbed  his 
toe  and  made  him  wince.  This  shut  off  the 
larger  portion  of  the  air  supply  to  the  fire, 
and  of  course  subdued  it  somewhat,  causing 
more  smoke  and  less  flame  to  shoot  into  the 
cellar.  Then  he  fitted  on  the  broken  door 
and  propped  it  up  with  the  coal  shovel. 
This  done,  our  invincible  friend  opened  the 
ash-pit  door  again  to  "whoop  her  up,"  as 
he  expressed  himself  later  on,  but  she  would 
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not  *  *  whoop. ' '  Smoke  poured  into  the  cellar 
through  every  crack  and  crevice  of  the 
heater,  until  it  looked  like  Moees'  boming 
bosh,  which  smoked  but  was  not  consomed. 

He  was  sufficiently  acquainted  with  boUers 
to  know  that  the  cause  of  all  this  smoky 
turbulence  was  nothing  but  defective  draft, 
and  this  he  attributed  to  a  cold  chimney. 
The  chimney  certainly  was  cold,  but  it 
apparently  would  not  get  warmer,  for  at 
the  end  of  a  most  trying  hour  the  draft 
had  not  improved  and  there  was  not  an 
ounce  of  steam  pressure  in  the  boiler.  As 
the  fiunily  returned,  the  idea  just  dawned 
upon  him  that  the  flues  might  be  choked 
somewhere.  Then  he  fearlessly  commenced 
to  take  down  the  smoke  pipe,  which  crushed 
under  the  pressure  of  his  hands.  When 
matters  becune  so  plain  that  he  must  put  in 
a  new  smoke  pipe,  he  simply  tore  it  all 
apart,  cleaned  out  the  base  of  the  chimney, 
which  was  choked  enough  to  prevent  a  good 
draft,  and  after  eztiDgnishing  the  fire 
entirely,  he  cleaned  out  the  boiler  flues. 

But  there  is  no  use  of  further  detailing  the 
poor  fellow's  troubles;  suffice  it  to  say  that 
the  steam  fitter  came  the  next  day,  discov- 
ered that  the  boiler  was  defective,  took  note 
of  some  ''repair*"  that  had  to  be  ordered 
firom  the  manufacturer,  whose  works  were 
more  than  150  miles  distant,  then  went  away, 
not  to  return  until  ten  days  later,  when  he 
made  the  boiler  as  good  as  new.  In  the 
meantime  the  boiler  could  not  be  used ;  some 
vital  part  bad  to  be  renewed  before  steam 
could  be  raised.  During  these  ten  days  of 
terrible  suspense,  a  keen,  bitter  wind  froze 
some  of  the  plumbing,  and  created  a  new 
source  of  trouble  and  expense. 

Reader,  profit  by  other  people's  experi- 
ences. As  a  rule  there  is  some  damage  done 
by  a  season  of  hard  running  that  should 
have  attention  as  soon  as  the  heater  is  shut 
down.  But  apart  from  the  risk  of  being 
caught  by  a  breakdown,  there  is  the  fact 
that  a  heater  depreciates  very  much  when 
allowed  to  stand  all  summer  choked  with 
ashes  and  soot 

The  following  suggestions  may  help  you  to 
save  dollars,  and  avoid  doctors'  and  plumb- 
ers' bills;  they  are  particularly  applicable  to 
the  preparation  of  a  steam  heater  for  the 
summer. 


Boil  the  water  fdrionsly  for  a  few  minutes 
with  a  brisk  wood  fire,  to  agitate  the  sedi- 
ment that  may  be  in  pockets  of  the  heater. 
Then,  with  a  5-  or  10-pound  steam  pressure 
indicated  on  the  gauge,  open  the  blow-oflf 
cock  and  allow  the  boiler  to  empty  itself 
quickly.  Draw  the  fire  while  the  boiler  is 
blowing  off. 

As  the  heater  cools  off,  remove  the  ashes, 
both  firom  the  fire-pot  and  ash-pit.  Brush 
or  scrape  these  chambers  dean.  Clean  out 
all  the  boiler  fines  thoroughly,  removing  all 
soot,  dust,  and  as  much  scale  as  possible. 
Remove  the  smoke  pipe  and  scrape  or  brush 
its  inner  surface  perfectly  clean,  then  store  it 
in  the  attic  or  some  other  dry  place.  Clean 
out  the  chimney  flue  and  leave  the  hole  open 
to  act  as  a  ventilator  to  the  cellar  during 
sunmaer.  Swab  out  the  gauge  glass,  if  there 
is  any  way  by  which  you  can  get  a  small 
sponge  inside  the  glass  tube.  Fill  the  boiler 
up  to  the  safety  valve  with  hot  water  drawn 
from  the  kitchen  boUer.  This  water,  if  it 
has  been  boiled,  is  preferable  to  cold  water, 
because  it  is  practically  free  from  air  and 
other  gases  that  tend  to  corrode  the  inside  of 
the  heater.  Remove  the  weight  from  the 
lever  of  the  damper  regulator,  so  that  the 
rubber  diaphragm  inside  will  not  be  torn  or 
otherwise  injured  by  the  strain  during 
summer.  Scrape,  or  rub  clean,  with  sand- 
paper, the  &oes  of  all  doors  and  dampers 
that  are  supposed  to  dose  tight,  then  rub 
these  surfaces  with  mutton  tallow,  glycerine, 
or  any  other  matter  that  will  protect  them 
from  corrosion  during  summer.  Leave  every 
part  of  the  heater  thoroughly  clean.  Varnish 
with  *' Japan  black"  all  surfisces  that  are 
liable  to  become  corroded  by  dampness  in  the 
cdlar.  Leave  everything  "  spick  and  span," 
and  you  will  have  no  trouble  in  the  fiidl 
when  you  start  your  heater  up  for  the  next 
winter. 

Ventilate  your  cellar  or  boiler  room  well 
during  summer.  If  you  have  anything 
stored  there  that  you  want  to  keep  cool,  it 
would  be  well  to  partition  off  part  of  the 
cellar  to  contain  it.  It  will  pay  you  to  keep 
your  cellar  or  boiler  room  well  ventilated. 

If  you  have  neglected  to  fix  up  your  heater 
for  the  summer,  kindly  accept  this  artide  as 
a  friendly  reminder,  and  order  all  repairing 
done  before  fall. 
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THE  electric  cables  shown  in  the  accom- 
panying figures  are  of  interest,  as  they 
illustrate  the   present   practice  along 
this  line,  and  are  representative  of  the  dif- 
ferent classes  commonly  used.    The  figures 


Pig.  1 

show  the  cross-section  of  these  cables  two- 
thirds  actual  size  and  give  a  good  idea  of  the 
thickness  of  insulation,  lead  covering,  etc. 

In  Fig.  1  is  shown  a  cable  made  up  of  three 
stranded  conductors,  each  equivalent  to  a 
No.  0  B.  &  8.  wire,  each 
conductor  being  made  up 
of  19  strands.  This  cable 
is  intended  for  high-tension 
light  and  power  distribu- 
tion work  in  connection 
with  the  three-phase  sys- 
tem, and,  hence,  the  insula- 
tion must  be  quite  heavy. 
The  insulation  around  the 
conductors  is  i  inch  thick, 
and  is  made  up  of  several 
layers  of  paper  treated 
with  insulating  compound, 
tween  the  3  strands  is  filled  with  fibrous 
insulating  material,  and  treated  with  insula- 
ting compound.  Over  this  a  wrapping  of 
paper  about  ^  inch  thick  is  applied,  and  on 


currents  underground,  as  is  often  done  in  con- 
nection with  city  light  and  power  plants. 

Fig.  2  shows  a  cable  also  designed  for 
underground  power-transmission  work,  and 
represents  a  type  of  cable  used  largely  for 
underground  feeders  for  street- 
railway  systems.  Since  the 
power  used  for  this  work  is 
usually  transmitted  at  a  fairly 
low  pressure  of  about  500  volts, 
the  current  becomes  very  large 
where  many  cars  are  operated, 
and  for  this  reason  these  cables 
need  a  very  large  cross-section 
of  copper.  The  one  shown  in 
Fig.  2  is  made  up  of  91  wires 
and  has  a  total  cross-section  of  1,375,000 
circular  mils,  or  more  than  1  square 
inch  of  copper.  Cables  of  this  kind  are,  of 
course,  used  altogether  for  underground 
work — ^railway  feeders  for  overhead   work 
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The  space  be- 
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the  outside  is  the  lead  covering,  which  is 
i  inch  thick.  The  whole  insulating  material 
is  very  hard  and  dense,  and  ofiers  a  high 
resistance  to  puncture.  Such  a  cable  is  used 
when  it  is  desired  to  transmit  high-tension 


are  provided  simply  with  a  braided  cover- 
ing instead  of  the  lead  sheath.  This  cable 
is  also  insulated  with  paper  treated  with 
insulating  compound,  the  paper  insulation 
being  about  ^  inch  thick.  The  lead  sheath 
is  i  inch  thick,  and  the  diameter 
of  the  cable  over  all  is  very  nearly 
2  inches. 

Fig.  3  shows  a  cable  designed 
for  telegraph  work.  Each  con- 
ductor is  provided  with  a  paper 
insulation.  The  paper  is  treated 
with  insulating  compound,  as  in 
the  previous  cases,  and  the  whole 
bundle  of  conductors  stranded 
together  as  shown.  This  cable  con- 
tains 100  conductors  No.  14  B.  &  S. 
The  lead  sheath  is  i  inch  thick,  and  the 
outside  diameter  of  the  cable  is  l}f  inches. 
A  cable  designed  for  telephone  work  is 
shown  in  Fig.  4.  Its  construction  differs 
greatly  from  those  shown  in  the  preceding 
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ENERGY  REQUIRED  FOR  A  TELEPHONE  RECEIVER 


figoree.  The  requirements  of  telephone  work 
call  for  a  cable  that  will  have  as  small 
an  amount  of  capacity  as  possible.  In 
order  to  overcome  the  effects  of  induction, 
the  wires  are  grouped  in  pairs  and  twisted 
together;  this,  in  fact,  constitutes  a  complete 
system  of  transposition,  and  is  only  carrying 


out  to  a  greater  degree  the  practice  of  cross- 
ing the  wires  at  intervals  on  the  poles,  as  is 
done  in  pole-line  work.  In  order  to  keep 
down  the  electrostatic  capacity,  the  wires  are 
insulated  with  a  loose  wrapping  of  paper, 
which  allows  more  or  less  air  space  around 
them.    The  paper  used  is  not  treated  with 


insulating  compound,  thus  constituting  what 
is  known  as  a  dry-core  cable.    In  making  up 
the  cable,  the  different  strands  are  not  twisted 
as  firmly  together  as  in  ordinary  cables,  and 
the  result  is  that  the  wires  are  separated  by 
an  air  space  that  has  a  considerably  lower 
specific  inductive  capacity  than  the  insulating 
materials  ordinarily  used.     It  is 
very   essential    that  moisture 
should   be   kept   out   of  a  cable 
of  this  kind,  because,  should  it 
get  in,  the   working   qualities  of 
the   cable   would   be  very  much 
impaired,    and   the  cable    might 
even  become  entirely  disabled. 
The  cable  shown  in   Fig.  4  con- 
tains 102  pairs  of  wires,  or  204  con- 
ductors.   The  lead  sheath  is  about 
m  inches  outside  diameter,  and 
is  i  inch  thick.    Two  different  colors   of 
paper  wrapping  are  used  in  order  to  mark 
more  distinctly  the  wires  belonging  to  each 
pair.    The  above  drawings  were  made  from 
samples  of  cables  kindly  furnished  by  the 
National  Ck)nduit  and  Cable  Co.,  of  Hast- 
ings-on-Hudson,  N.  Y. 


ENERGY  REQUIRED  FOR  A  TELEPHONE 

RECEIVER 
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THE  small  amount  of  energy  expended 
in  a  telephone  receiver  is  remarkable. 
An   ordinary   well-made  receiver   re- 

qairee  only  iqo.OOO^OOO.OOO  "^^  **»  ™**  '* 
give  an  audible  sound.    Since  746  watts  is 

equal  to  1  horsepower,  then  joo;(JoPoo;ooO 

^"  =74,600,0(K),000;006^^"^P^^^'-  ^^^» 
1  horsepower  is  equal  to  33,000  foot-pounds 
per  minute;  that  is,  if  a  person  lifts  33,000 
pounds  a  distance  of  1  foot  in  1  minute,  his 
rate  of  doing  work  is  1  horsepower.  A  little 
calculation  will  show  that  the  work  done  in 
lifting  1  pound  a  distance  of  1  foot,  that  is, 
a  foot-pound  of  work,  would  be  sufficient 

to  supply  a  receiver  with  -_^-^^^^ 

,  .      74,600,000,000,000      .     ^ 

horsepower   for  _l_^^^^      mmutes, 

or  623,250  days,  or  1,433  years. 


An  idea  of  the  very  small  amount  of  elec- 
tric current  necessary  to  operate  a  telephone 
receiver  may  be  had  from  a  measurement  that 

showed  that  ^  ^^^  ^^^  ^^^    ampere    would 
1,000,000,000    '^^i^^ 

produce  a  distinctly  audible  sound  in  the 
receiver.  Now,  an  ordinary  incandescent 
16-candlepower  lamp  requires  about  i  an 
ampere  (at  110  volts).  So  that  11,360,000 
telephone  receivers  could  be  supplied  by 
the  current  required  by  one  of  the  above 
lamps  if  this  current  were  divided  up 
equally  among  them. 

Of  course,  there  is  considerable  loss  in 
efficiency  between  the  source  of  the  electric 
current  and  the  receiver.  The  above  figures 
take  no  account  of  this,  only  the  energy 
expended  in  and  the  current  passing  through 
the  receiver  itself  having  been  considered. 
A  properly  constructed  and  adjusted  tele- 
phone receiver  is  not  only  very  efficient,  but 
it  is  one  of  the  most  sensitive  instruments 
known  to  science. 
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The  Kind  op  Camkra  and  Lens  Most  Suitablb— The  Point  of  View- 
to  Avoid  It,  and  Remedy  if  Unavoidable 


-Halation,  How 


PHOTOGRAPHY  as  a  meanfl  of  recording 
facta  is  beoomiDg  of  more  importance 
every  day,  and  there  is  hardly  a  lawsuit 
involving  patent  infringement,  railroad  or 
mine  accident,  or  damages  for  effects  pro- 
duced by  operation  of  certain  manofactories 
that  the  photograph  is  not  called  as  a  most 
important  witness.  As  a  means  of  illustra- 
ting a  process  of  manofiictore  or  a  system  of 
working,  no  amoont  of  written  matter  can 
convey  as  mnch  information  as  a  single  well- 
taken  photograph,  and  the  most  carefolly 
prepared  drawing  will  never  convey  to  the 
observer  that  feeling  of  fidelity  to  tmth  and 
£acts  as  does  the  mechanical  reooid  of  the 
scene  portrayed  by  the  camera.  Plans,  ele- 
vations, and  other  working  drawings  may 
be  essential  preparations  for  the  erection  of 
a  mill  or  fiictory ,  bat  a  prospective  purchaser 
of  the  building  wants  to  see  a  photograph  of 
the  structure  before  he  closes  the  transaction 
or  travels  any  great  distance  in  the  interest 
of  the  investment. 

Photography,  therefore,  is  most  useftd  to 
man  in  its  commercial  branch,  and  the 
camera  as  a  rapid  means  of  recording  fiicts 
occupies  a  position  in  the  business  world 
today  almost  as  important  as  the  typewriter. 

Interior  photography  is  undoubtedly  one 
of  the  most  difficult  problems  that  either  the 
amateur  or  professional  operator  is  called 
upon  to  solve.  This  may  account  for  the 
fact  that  there  is  little  of  practical  value  to 
be  found  on  the  subject  in  photographic 
manuals  that  treat  extensivdy  on  other 
branches  of  the  art.  Few  operators  con- 
tinue long  at  this  branch  of  the  profession, 
if  they  can  get  a  different  dass  of  work,  and 
the  few  that  master  some  of  its  intricacies  are 
not  inclined  to  impart  to  the  public  the  de- 
tails that  have  cost  them  so  much  to  acquire. 

It  is  therefore  the  purpose  of  this  article 
to  suggest  to  the  inexperienced  a  few  of  the 
laricks  and  devices  that  may  be  resorted  to, 
so  as  to  remove  or  lessen  some  of  the  diffi- 
culties that  beset  this  class  of  work. 

It  is  assumed  that  the  reader  possesses  a 
certain  amount  of  photographic  experience 
and  has  a  general  idea  of  the  conditions 
necessary  to  secure  satisfactory  results  in 
outdoor  photography— conditions  that  never 


exist  with  interior  work,  although  a  knowl- 
edge of  them  is  indispensable  in  its  practice. 

The  photographing  of  a  room  in  a  dwell- 
ing house  is  probably  the  simplest  form  of 
interior  photography,  though  even  this 
brings  us  against  obstacles  before  unknown; 
but  the  photographing  of  an  engine  room, 
or  of  a  machine  shop,  breaker,  or  cyanide 
mill  confronts  the  operator  with  difficulties 
of  a  most  discouraging  character.  In  the 
dwelling  house  he  can  move  or  rearrange 
the  furniture  so  that  no  detail  wiU  be  so 
near  the  camera  as  to  appear  in  exaggerated 
proportions,  and  he  can  dose  up  the  room 
and  give  an  exposure  of  half  an  hour  if  the 
circumstances  require  it;  but  in  a  manufac- 
turing establishment  he  must  deal  with  the 
unalterable  facts  and  conditions  just  as  he 
finds  them. 

Not  only  has  he  to  contend  with  the  diffi- 
culties of  improper  lighting  and  exaggerated 
perspective,  but  also  with  such  annoyances 
as  dust,  vibration  of  machinery,  refiection 
of  light  from  moving  parts,  and  interrupted 
exposures  due  to  carelessness  on  the  part  of 
some  employe  who  deliberately  gets  in  range 
of  the  camera  just  as  the  shutter  is  opened. 

The  prevention  or  cure  of  all  these  difficul- 
ties is  not  successful  in  every  case,  but  the 
extent  to  which  they  can  be  eliminated 
depends  almost  entirely  on  the  skill  and  care 
of  the  operator,  both  before  and  after  the 
exposure.  In  fact,  there  are  many  cases 
where  the  exposure  must  be  made  under 
the  most  adverse  circumstances,  and  the 
entire  subject  manipulated  during  or  after 
the  development. 

The  style  of  camera  used  for  this  class  of 
work  is  of  little  importance,  though  a  light, 
compact,  folding  camera,  of  the  tourist  pat- 
tern is  not  as  adaptable  as  a  heavy  and 
somewhat  more  cumbersome  one.  The  essen- 
tial requirement  is  that  it  shall  be  steady 
and  not  easily  upset  or  jarred  out  of  position, 
even  though  it  is  somewhat  clumsy  to  carry 
around  conveniently.  It  will  get  more  or 
less  rough  usage,  and  it  is  fiir  better  that  it 
should  be  strong  enough  to  stand  the  strain 
than  that  it  should  l^  light  enough  to  be 
carried  with  ease. 

The  lens  should  be  of  as  long  focus  as 
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possible.  There  are  many  photographers 
who  will  differ  with  this  statement^  bnt  the 
longer  the  focus  the  less  the  distortion,  and 
the  sharper   the   definition   of  details   at 
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varying  distanceafrom  the  camera.  Thereare 
frequently  circumstances,  however,  where  a 
short-focus  lens  must  be  used  to  get  certain 
details  on  the  plate,  and  other  circumstances 
wher^  two  exposures  can  be  made  to  include 
two  sides  of  a  room,  and  then  the  prints 
mounted  together  as  one  picture.  A  lens, 
the  focal  length  of  which  is  not  less  than  the 
diagonal  measurement  of  the  plate,  is  the 
best  for  all  around  work,  though  one  of  half 
this  focus  may  occasionally  be  required. 
Thus,  for  a  5^^  X  V^  plate  the  lens  should  be 
about  8}  inches  focus,  so  that  the  angle 
included  between  lines  drawn  from  diago- 
nally opposite  comers  of  the  plate  to  the 
center  of  the  lens  will  be  about  60"=^.  Where 
the  lens  is  only  half  this  focal  length  the 
included  angle  is  about  90^  and  the  lens  is 
called  wide-angled. 

To  determine  (approximately)  the  focal 
length  of  your  lens,  focus  it  carefully  on  a 
very  distant  object  and  measure  the  distance 
from  the  diaphragm  of  the  lens — if  it  is  a 
double  combination— to  the  ground  glass  of 
the  camera,  or  from  the  lens  itself  to  the 
ground  glass,  if  it  is  a  single  combination. 
This  distance  will  be  very  nearly  the  focal 
length  of  the  lens. 


The  camera  should  rest  on  a  strong,  heavy 
tripod,  as  the  instrument  is  in  constant 
danger  of  rough  treatment,  especially  in 
factories  where  the  employes  are  moving 
around  considerably.  The  tripod  of  a  sur- 
veyor's compass  or  transit  is  well  suited  to 
photographic  work  where  there  is  much 
vibration  or  jar  from  the  machinery. 

The  plates  to  be  used  should  be  dow  ones, 
as  snap-shot  photography  seldom  enters  into 
this  class  of  work,  and  a  slow  plate  is  always 
much  more  reliable  under  conditions  involv- 
ing some  uncertainty  than  is  a  fast  one. 
Non-halation  plates  can  always  be  used  to 
advantage,  and  especially  under  certain  cir- 
cumstances pointed  out  hereafter. 

The  selection  of  the  point  of  view  will  in 
most  cases  be  determined  by  the  location  of 
machines  or  other  fixtures  in  the  building, 
as  will  be  indicated  in  a  few  examples  here- 
after given. 

The  exposure  of  the  plate  will  be  governed 
usually  by  the  darkest  portions  of  the  interior. 
A  good  way  to  estimate  the  proper  exposure 
is  to  pin  up,  for  a  given  length  of  time,  in  the 
darkest  part  of  the  room,  a  yellow  envelope 
out  of  which  one  end  of  a  piece  of  printing- 
out  paper  is  allowed  to  protrude.  After  thus 
exposing  it  for,  say,  10  minutes,  put  the 
paper  all  in  the  envelope  and  take  it  outdoors, 
and  in  the  shade  of  a  tree  expose  the  other 
end  until  it  has  reached  the  same  tint  (which 
can  be  determined  by  pushing  the  paper 
inside  and  examining  it  by  the  yellow  light 
that  comes  through  the  envelope).  The 
ratio  of  time  required  by  these  two  exposures 
will  be  the  ratio  of  exposure  required  for 
your  interior  and  an  open  landscape  at  the 
same  time  of  day.  For  instance,  if  the  paper 
darkens  in  6  seconds  outside  as  much  as  it 
did  in  10  minutes  inside,  then  your  interior 
requires  120  times  the  exposure  of  an  open 
landscape,  and  you  make  your  calculations 
accordingly. 

.  Having  thus  discussed  the  materials  and 
preliminaries,  let  us  now  come  down  to  the 
practical  work.  Few  amateur  photographers 
possess  all  the  lenses,  plates,  and  accessories 
necessary  to  practice  in  all  branches  of 
photography,  and  we  will,  in  discussing  the 
subject,  here  consider  the  operator  equipped 
with  an  ordinary  outfit,  but  point  out  the 
variations  desirable  or  advantageous  in  each 
particular  case. 

Case  L — A  long  narrow  shop,  lighted  by 
windows  on  one  side,  machinery  arranged  so 
as  to  interfere  with  placing  of  camera. 
(Fig.l.) 

The  difficulty  in  this  case  lies  principally 
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with  the  halation  that  will  exist  from  the 
windows  w  diiectly  in  firont  of  the  camera, 
which  is  placed  at  e  so  as  to  include  within 
the  angle  of  its  lens  the  ends  of  the  lathes  / 
and  the  row  of  machines  in  front  of  the 
windows  w.  Nothing  would  be  gained  in 
this  case  through  the  use  of  a  wide-angled 
lens,  as  its  field  would  only  include  one  more 
machine  a,  and  that  so  near  the  camera  that 
the  distortion  would  be  extreme. 

Halation  is  caused  by  the  reflection  of  light 
from  the  back  of  the  plate.  When  the 
camera  is  pointed  toward  a  windoWi  electric 
light,  or  other  source  of  strong  illumination, 
the  light  passes  entirely  through  the  film  on 
the  plate  and  is  reflected  back  to  the  under 
side  of  the  sensitive  coating,  thereby  doubling 
the  exposure  of  that  particular  spot  When 
the  plate  is  developed,  a ''  halo,''  or  over- 
exixMed  circular  outline,  appears  around  each 
window  and  destroys  all  the  detail  in  its 
vicinity.  (See  Fig.  3. )  Halation  can,  in  most 
cases,  be  prevented  by  the  use  of  non-halation 
plates.  These  are  prei)ared  with  two  coat- 
ings of  the  sensitive  emulsion,  a  fost  one  on 
top  of  a  slow  one.  The  double  coating 
renders  the  plate  more  opaque,  and  any  light 
that  may  be  reflected  ftom  the  back  of  the 
plate  falls  upon  the  slow  emulsion,  which  is 
not  as  sensitive. 

Another  method  of  preparing  non-halation 
plates  is  to  coat  the  backs  of  them  with  a 
mixture  of  any  red  or  brown  pigment  in 
collodion.  (Spanish  rouge  answers  the  pur- 
pose admirably.)  The  light  reflected  frx>m 
the  surface  thus  coated  is  red  in  color,  and 
therefore  less  actinic. 

Another  good  backing  for  plates  may  be 
made  as  follows:  Dissolve  1  pound  of  sugar 
by  heating  it  gradually  in  an  agate-ware  pan, 
and  continue  the  heat  until  it  turns  black 
and  shows  signs  of  boiling.  Then  set  it 
aside  to  cool,  after  which  pour  on  a  pint  of 
cold  water  and  allow  it  to  soften  up  for  two 
or  three  days.  A  quarter  of  a  pound  of 
burnt  sienna  should  now  be  stirred  in  and 
the  whole  poured  into  a  jar  for  use. 

To  back  a  plate,  lay  it  face  down  in  an 
ordinary  printing  frame,  and  rub  the  back 
of  it  with  a  rag  that  has  been  previously 
moistened  and  rubbed  over  the  backing  com- 
pound above  described.  Before  developing, 
the  backing  should  be  removed  with  a  sponge 
or  wet  rag. 

The  reversing  of  a  plate  will  reduce  the 
tendency  to  halation  considerably,  as  the 
light  passes  through  the  glass  plate  before  it 
reaches  the  sensitive  coating,  so  that  any 
reflection  from  the  back  is  comparatively 


harmless.  This,  however,  causes  a  reversed 
picture,  and  is  not  of  much  use  except  for 
work  where  the  relative  positions  of  details 
with  regard  to  the  right  and  left  of  the 
picture  is  of  little  importance. 

If  celluloid  films  are  used  instead  of  plates, 
the  halation  is  reduced  to  a  minimum,  as  the 
celluloid  backing  is  so  thin  that  litUe  dis- 
persion of  the  reflected  light  is  possible. 

There  are  times,  however,  when  halation 
makes  its  appearance  in  spite  of  all  eflbrts  to 
avoid  it,  and  other  times  when  it  appears 
most  unexpectedly.  Under  these  circum- 
stances it  must  be  taken  care  of  during  or 
after  development.  If  its  appearance  is  an- 
ticipated, a  bottle  of  saturated  solution  of 
potassium  bromide  and  a  small  sable  brush 
should  be  in  a  handy  position  for  use  during 
development  Place  the  plate  in  the , tray 
and  pour  on  the  developer.  As  soon  as 
the  halo  makes  its  appearance,  remove  the 
plate  and  wash  it  thoroughly  in  running 
water.  Dry  the  surface  as  much  as  possible 
with  a  piece  of  absorbent  cotton,  and  then 
carefully  paint  the  halo  with  the  potassium- 
bromide  solution.  Care  must  be  exercised 
not  to  get  the  bromide  of  potassium  on  any 
part  of  the  plate  that  is  not  intended,  as  it 
will  retard,  if  not  prevent,  further  develop- 
ment The  plate  should  therefore  be  held 
perfectly  level  during  its  application,  or  it  is 
liable  to  run  across  to  the  edge  and  ruin  the 


FlQ.  2 


negative.  After  the  bromide  has  soaked 
into  the  film,  the  plate  may  be  returned  to 
the  developing  tray  and  the  development 
proceeded  with  from  where  it  was  stopped. 
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FiQ,  8.— Peikt  From  Negaityb  Before  Treatment 


If  the  halation  is  unexpected  and  therefore 
no  bromide  is  ready  for  action,  it  is  osoally 
better  to  continue  the  development  and  trust 
to  the  removal  of  the  defect  when  the  plate 
has  been  fired,  or  even  after  it  is  dry.  A 
solution  of  ferricyanide  of  potassium  40 
grains  and  hyposulphite  of  soda  40  grains 
in  1  ounce  of  water,  applied  to  the  denser 
portions  of  the  wet  negative  with  a  soft 
brush,  will  reduce  the  halo  very  rapidly — so 
rapidly,  in  fact,  that  there  is  danger  of  carry- 
ing the  operation  too  far.  In  ueing  this  solu- 
tion, the  negative,  as  in  the  application  of 
bromide,  should  be  held  in  a  level  position 
in  the  leA  hand  over  a  piece  of  white  paper 
spread  about  18  inches  below;  the  reducer 
is  then  applied  with  the  brush  held  in  the 
right  hand,  and  the  density  can  be  judged 


by  the  transparency  of 
the  negative  on  looking 
through  at  the  white 
paper.  When  reduction 
has  proceeded  fiur  enough, 
wash  the  negative  thor- 
oughly and  place  in  the 
rack  to  dry. 

If  the  halation  is  not 
too  great,  the  negative 
can  be  reduced  mechan- 
ically after  it  is  dry  by 
rubbing  the  denser  parts 
with  a  soft  doth  or  rag 
dipped  in  alcohol.  The 
rubbing  should  be  slow 
and  vigorous,  and  a  dean 
spot  on  the  rag  should  be 
taken  for  each  new  appli- 
cation of  alcohol.  Reduc- 
tion by  this  method  is 
slow,  but  very  easily  con- 
trolled and  varied  in 
degree. 

Extreme  cases  of  hala- 
tion may  be  reduced  by 
rubbing  the  dry  negative 
with  the  forefinger 
dipped  in  powdered 
pumice  stone,  and  finish- 
ing with  alcohol  and  a  rag 
as  above.  This  is  likdy 
to  produce  scratches, 
however,  and  should  be 
resorted  to  only  in  excep- 
tional cases.  The  result- 
ing scratches  will  usually 
disappear  if  the  negative 
is  varnished  after  the 
operation. 
The  danger  of  exagger- 
ated perspective  in  this  case  is  reduced  to 
a  minimum  by  the  use  of  a  lens  of  moder- 
ate angle,  thus  excluding  from  the  plate  such 
pieces  of  machinery  as  are  too  near  the 
camera,  as  at  a. 

Case  //.—In  Fig.  2  we  have  all  the  con- 
ditions of  Case  I,  with  the  addition  of  the 
distortion  caused  by  the  lathe  a  being  so 
near  the  camera.  In  this  case  it  would  be 
better  to  place  the  camera  at  &,  in  order  to 
bring  the  conditions  around  more  like  Case 
I;  but  if  the  circumstances  demand  a  view 
fh)m  the  point  c,  then  the  lathe  a  must  be 
temporarily  removed  or  the  camera  raised 
on  a  box  or  platform,  so  as  to  look  over  the 
top  of  it  entirely.  Under  the  latter  circum- 
stances, the  use  of  a  wide-angled  lens  will  give 
a  better  idea  of  the  extent  of  the  interior, 
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M  the  machineB  in  the  foreground  will  be 
below  the  angle  of  vision. 

The  development  in  this  case  will  probably 
require  the  eame  considerationa  as  in  Case  I, 
with  the  addition  of  some  special  treatment 
for  the  detail  in  the  foreground.  If  the 
exposure  is  made  to  suit  the  foreground,  the 
end  of  the  room  is  likely  to  be  greatly  over- 
exposed and  the  halation  of  the  windows 
extreme,  so  it  is  best  to  expose  the  plate  for 
the  middle  of  the  room  and  develop  with  a 
rather  weak  developer,  or  one  containing 
considerable  bromide  of  potassium  as  a 
restrainer.  A  sable  brush  dipped  in  con- 
centrated developer  may  then  be  used  to 
bring  out  the  foreground,  holding  the  plate 
in  the  left  hand,  and  slightly  inclined,  so 
that  the  developer  will  run  toward  the 
bottom  of  the  plate.  After 
manipulation  in  this  man- 
ner, the  plate  should  be 
returned  to  the  original 
solution  and  development 
continued  in  the  usual 
way. 

Ccue  III.—Jl  very  dark 
interior,  such  as  a  ware- 
house storeroom  or  a  drift 
mouth. 

The  first  difficulty  here 
is  in  focusing,  there  being 
insufficient  light  to  make 
a  visible  image  on  the 
ground  glass  of  the  cam- 
era. This  can  be  over- 
come by  the  use  of  a  can- 
dle set  in  different  parts 
of  the  room  during  the 
adjustment  of  the  camera. 
Focus  to  get  a  sharp 
image  of  the  candle  flame 
on  each  end  and  in  the 
center  of  the  plate,  then 
raise  and  lower  the.  light 
so  as  to  determine  the 
extent  of  the  room  taken 
into  the  angle  of  vision. 

The  most  satisfactory 
exposure  in  this  case 
would  undoubtedly  be 
the  flash  light,  and  if  such 
is  used  it  should  be  placed 
above  and  to  one  side  of 
the  camera  and  moved 
slowly  from  right  to  left 
while  it  is  burning.  This 
movement  softens  the 
edges  of  the  shadows  and 
prevents  the  harsh  effect 


so  prevalent  in  flash  lights  made  by  inex- 
perienced operators.  If  the  flash  powder 
burns  too  fast  to  permit  of  this  movement, 
let  two  flashes  be  used,  one  each  side  of  the 
camera.  In^either  case,  use  plenty  of  powder. 
The  flash  may  appear  bright  to  the  operator, 
but  it  must  be  intense  to  satis&ctorily  illumi- 
nate the  remote  corners  of  a  dark  room. 

As  a  usual  thing,  however,  the  owners  of 
buildings  are  opposed  to  the  use  of  explosive 
powders  in  their  warerooms,  on  account  of 
the  danger  of  fire,  and  we  are  then  compelled 
tofget  on  without  artificial  light  If  any 
daylight  penetrates  the  interior  at  all,  it  can  be 
reflected  into  dark  comers  by  means  of  white 
papers  or  cloths  hung  behind  the  camera  so 
as  to  catch  the  light  from  the  source  of 
illumination  and  reflect  it  in  the  desired 


Pio.  4.— Print  From  Negative  AfTER  Treatment 


Digitized  by 


Qoo^^ 


230 


INTERIOR  PHOTOGRAPHY 


direction.  A  mirror  aboat  2  feet  Bqoare  can 
also  be  uaed  by  the  oi)erator  to  throw  the 
reflected  light  into  very  remote  comers, 
while  the  rest  of  the  room  is  illuminated 
simply  by  each  light  as  naturally  finds  its 
way  in.  The  exposure  in  a  case  of  this  kind 
might  last  an  hour,  daring  the  first  half  of 
which  the  mirror  could  be  used  to  reach  the 
deepest  shadows.  In  the  development  of 
such  an  interior,  one  must  be  prepared  for 
every  emergency.  When  fiash  light  is  used, 
the  foreground  wiU  receive  a  much  more 
brilliant  illumination  than  the  distant  por- 
tions, and  brush  development  may  be  neces- 
sary to  get  an  even  negative.  The  dangers 
of  halation  in  flash-light  work  are  also  very 
great,  as  the  intense  flash  reflected  from  a 
brass  railing  or  piece  of  polished  steel  will 
produce  most  unexpected  hales  on  the  plate. 

With  the  long  exposure  this  danger  is  less 
likely,  but  owing  to  the  uncertainty  of  the 
actinic  value  of  the  reflected  light,  there  may 
be  a  great  unevenness  of  exposure  that  will 
require  strong  developer  in  some  places  and 
considerable  restrainer  in  others. 

Case  IV, — A  very  dark  interior,  with  dark- 
colored  objects,  such  as  a  coal  breaker,  round- 
house, or  blacksmith  shop. 

While  there  would  probably  be  no  objec- 
tion to  the  use  of  flash  powder  in  a  round- 
house or  blacksmith  shop,  there  would  be 
serious  objections  to  its  use  in  a  coal  breaker, 
where  the  flying  coal  dust  is  of  a  somewhat 
explosive  character  itself,  if  sufficiently 
heated  and  ignited.  Here,  then,  we  have  a 
problem  in  photography:  where  there  is 
little  or  no  light  to  act  on  the  plate,  where 
the  air  is  so  full  of  dust  as  to  render  distinct 
vision  impossible,  and  where  the  vibration 
of  the  machinery  renders  stability  of  appa- 
ratus very  uncertain. 

To  get  any  kind  of  a  result  under  these 
conditions,  we  must  first  eliminate  the  dust. 
It  is  absolutely  necessary  that  the  cause  of 
the  dust  be  stopped  temporarily  and  the  dust 
allowed  to  settle.  As  soon  as  the  distant 
objects  begin  to  show  themselves  a  little 
through  the  cloud,  the  exposure  may  be 
commenced,  and  then  continued  from  1  to  10 
minutes,  according  to  the  circumstances. 
There  are  no  bright  surfaces  here  to  reflect 
the  light  into  remote  parts,  and  a  prolonged 
exposure  is  the  only  thing  that  will  impress 
the  gloomy  details  on  the  plate.  The  fore- 
ground, of  course,  becomes  greatly  overex- 
posed, but  this  can  be  reduced  by  subsequent 
manipulation.  But  here  another  difficulty 
arises:  long  exposure  and  constant  vibration 
of  machinery  render  an  indistinct,  if  not  a 


badly  blurred,  picture;  so  we  must  guard 
against  this  element  as  much  as  possible.  It 
is  not  the  vibration  of  the  machinery  that 
causes  the  blur,  however,  but  the  vibration 
of  the  camera.  The  vibration  of  the  details 
20  feet  from  the  camera  will  cause  no  exces- 
sive indistinctness  on  the  plate  if  the  camera 
can  be  kept  rigid.  This  can  only  be  done 
by  placing  the  three  l^s  of  the  tripod  on 
supports  that  are  not  as  much  influenced  by 
the  machinery  as  the  parts  to  be  photo- 
graphed. Wherever  there  is  any  mason- 
work,  let  the  camera  stand  on  that.  If  the 
side  walls  contain  any  masonry,  let  one  leg 
of  the  camera  rest  against  that  wall,  and,  in 
any  case,  select  points  for  the  three  legs  that 
vibrate  as  little  as  possible. 

During  a  long  exposure  the  dust  in  the  air 
will  not  materially  aflect  the  picture  unless 
there  are  streaks  of  sunshine  through  it; 
workmen  or  other  individuals  passing  or 
repassing  in  front  of  the  camera  will  do  no 
harm  if  they  do  not  stop  and  stand  in  the 
fleld  of  vision;  and  the  timbers  and  other 
details  in  the  remotest  ^erts  of  the  picture 
will  come  out  more  clearly  and  distinctly 
than  they  can  be  seen  witl)  the  naked  eye. 

The  two  illustrations.  Figs.  3  and  4,  were 
made  from  two  photographs  taken  fit>m  the 
same  negative.  The  subject  is  the  interior 
of  a  coal  breaker,  the  timbers  of  which  were 
dead  black,  and  the  details  in  the  distance 
so  indistinct  as  to  render  focusing  almost 
guesswork.  Through  the  side  windows 
came  streaks  of  sunlight  that  not  only  made 
white  patches  throughout  the  picture,  but 
caused  an  halation  that  obscured  nearly  all 
the  surrounding  detail,  as  shown  in  Fig.  3. 

After  the  negative  had  dried,  it  was 
cleaned  of  its  halo  as  follows:  The  dense 
spots  were  painted  with  plain  water,  applied 
with  a  camel' s-hair  brush,  and  allowed  to 
soak  thoroughly  into  the  film.  The  whole 
n^ative  was  then  immersed  in  a  reducing 
solution,  as  heretofore  described,  and  the 
soft  part  of  the  film  being  more  susceptible 
to  the  action  of  the  chemical  than  the  dry 
part,  the  reduction  takes  place  there  more 
rapidly,  thus  presenting  on  completion  a 
negative  that  will  print  as  shown  in  Fig.  4. 

When  a  portion  of  a  negative  is  to  be 
reduced,  the  main  difficulty  is  to  effect  that 
reduction  without  leaving  a  line  between 
the  denser  and  thinner  parts  of  the  plate. 
This  can  be  accomplished  in  nearly  all  cases 
as  explained  above-— first  wet  the  spots  to  \>e 
reduced,  and  then  reduce  the  entire  plate. 
Should  the  reduction  be  carried  too  fiu*,  the 
plate  may  be  intensified  evenly  aU  over. 
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THE  GREAT  MINERAL-PRODUCING 
COUNTRIES 


SOBIE  interestiiig  statistics  concerning  the 
oatpnt  of  the  more  important  minerals 
by  the  great  mineral-prodacing  coun- 
tries of  the  world  are  given  in  the  "  Blue 
Book"  by  Prof.  C.  Le  Neve  Foster,  pub- 
lished by  the  British  Home  Office.  In  the 
matter  of  coal  production,  Great  Britain,  in 
1897,  led  the  United  States  by  20,000,000 
metric  tons,  and  in  the  same  year  the  United 
States  exceeded  by  2,000,000  tons  the  iron 
production  of  Great  Britain.  The  diagrams 
shown  are  reproduced  from  Professor  Foster's 
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report,  which  covers  a  period  of  twenty 
years,  from  1878  to  1897,  inclusive.  Fig.  1 
gives  the  annual  output  of  coal  of  six  of 
the  principal  coal-producing  countries  during 
this  time,  while  Fig.  2  shows  the  annual 
output  of  iron  of  nine  countries  during  the 
same  period. 

In  coal  production,  Fig.  1  shows  that  in 
1878  Great  Britain  led  the  United  States  and 
Germany  by  more  than  80,000,000  tons,  and 
that  in  1897  Great  Britain  and  Germany 
had  each  increased  their  annual  output  only 
about  70,000,000  tons,  while  the  increase 


of  the  United  States  was  130,000,000  tons, 
making  the  total  output  only  20,000,000  tons 
less  than  that  of  Great  Britain. 

Fig.  2  shows  that,  in  iron  production, 
Gh*eat  Britain  in  1878  occupied  the  leading 
position,  with  an  annual  production  of 
16,000,000  tons,  and,  at  the  end  of  the  time 
covered  by  the  report,  had  dropped  to 
second  place,  with  an  annual  production 
of  2,000,000  tons  less  than  at  the  beginning 
of  the  period;  the  United  States,  at  the 
beginning    of  the   same   period,  occupied 
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second  place,  with  an  annual  production 
of  4,500,000  tons,  and  at  the  end  of  the 
period  occupied  first  place,  with  an  annual 
production  of  16,000,000  tons,  or  the  same 
amount  as  was  produced  by  Great  Britain 
at  the  beginning  of  the  period.  The  dia- 
grams show  the  relative  importance  of  the 
other  leading  countries  so  &r  as  the  pro- 
duction of  coal,  and  iron  is  concerned. 

In  the  matter  of  the  output  of  gold,  the 
United  States  occupies  the  first  position, 
but  the  statistics  show  that  in  1897  the 
South  African  Republic,  had  almost  jsuc- 
oeeded  in  overtaking  the  United  States  in 
the  output  of  thid  metal,  and  the  indica- 
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tions  are  that  the  TraDsraal  may  even  yet 
become  the  leading  gold  prodaoer  of  the 
world. 

The  only  great  copper-produclog  country 
is  the  United  States,  with  an  annual  pro- 
duction of  223,000  tons,  which  is  consider- 
ably more  than  half  of  the  world's  output 
The  next  greatest  amount  was  the  joint 
output  of  Spain  and  Portugal,  which  was 


about  one-eighth  of  that  of  the  United 
States. 

The  greatest  lead- producing  country  is 
Spain,  which  slightly  leads  the  United 
States,  while  Germany  is  third  on  the  list 

The  only  great  silver-producing  countries 
are  the  United  States  and  Mexico.  Aus- 
tralia has  an  annual  output  of  about  one- 
third  that  of  the  United  States. 


LIQUID  AIR  AS  A  BLASTING  AGENT 


ALREADY  a  reaction  has  promptly  set  in 
against  the  exaggerated  opinions  on 
the  prospects  of  liquid  air  in  which 
the  press  indulged;  the  difficulties  that  the 
application  of  condensed  gases  of  so  low 
boiling  points  involves  do  not  appear  to  be 
well  understood.  Some  experiments,  con- 
ducted by  the  Vienna  Crystal  Ice  Co.,  in  the 
presence  of  representatives  of  the  Austrian 
Technical  Military  Committee,  may,  there- 
fore, be  of  interest.  These  experiments  are 
by  no  means  decisive,  since  they  were  cer- 
tainly not  made  under  fiBivorable  circum- 
stances; but  they  are  instructive.  The  liquid 
air  was  obtained  from  the  Linde  Co.,  in 
Munich,  and  was  transported  in  open  flasks 
provided  with  a  Dewar  vacuum  jacket.  The 
flasks  were  packed  with  felt  and  cotton; 
over  the  open  neck,  which  projected  through 
the  lid  of  the  wooden  case,  a  cap  of  felt  was 
loosely  fitted.  When  despatched,  the  liquid 
contained  a  mixture  of  oxygen  and  nitrogen 
in  the  ratio  of  75  :  25.  During  the  72  hours 
that  elapsed  before  actual  use,  the  greater 
part  of  this  time  being  spent  in  transport, 
half  of  the  liquid  had  evaporated,  and  the 
remaining  liquid  contained  85  per  cent,  of 
oxygen;  nitrogen  is  more  volatile  than  oxy- 
gen. Two  kinds  of  cartridges  were  made  of 
kieselguhr,  mineral  oil  (solar  oil),  and  the 
liquid.  In  the  first  case,  the  kieselguhr  and 
oil  were  mixed  in  a  wooden  basin,  the  liquid 
added  gradually,  and  the  paste  ladled  in 
paper  cartridges  clothed  with  asbestos.  In 
the  second  case,  the  earth  and  oil  were 
charged  into  the  cartridge,  which  rested  in 
a  double  sheet-metal  cylinder  with  a  sepa- 
rating layer  of  felt,  and  the  liquid  air  gradu- 
ally poured  into  the  cartridge  until  the  mass 
was  thoroughly  impregnated. 

In  both  cases  the  formation  of  mist  and  of 
hoar  frost  sufficiently  indicated  how  much 
of  the  oxygen  escaped  during  the  prepara- 
tion. The  cartridges  could  be  handled,  but 
the  men  did  not  care  to  squeeze  them  in 
firing  the  primers  and  detonators;  as  a  conse- 


quence, one  cartridge  missed  fire.  Holes  30 
inches  deep  were  bored  in  rock.  It  resulted 
that  these  so-called  oxylignit  cartridges  were 
hardly  strong  enough,  as  too  much  oxygen 
had  evaporated.  The  cartridges  of  the 
second  tyi)e  did  not  prove  so  powerful  as  the 
others,  probably  because  the  lead  cases 
farthered  evaporation,  especially  from  the 
bottom  of  the  cartridge.  On  these  results, 
Artillery  Greneral-Engineer  Hess  has  com- 
mented to  the  following  effect:  The  prep- 
aration of  the  cartridge  is  wasteful  and 
dangerous  to  the  eyes,  etc.,  and,  owing  to 
the  rapid  evaporation,  it  is  further  impossible 
to  guarantee  the  strength  of  the  cartridge, 
even  in  the  roughest  way.  Kieselguhr  and 
oil  seem  to  be  suitable  absorbents,  and 
oxylignit  an  effective  blasting  agent,  though 
comparative  tests  have  not  yet  been  made. 
The  cartridges  must  be  used  within,  say,  15 
minutes  of  their  preparation.  There  is  no 
danger,  hence,  from  missing  fire.  But,  on 
the  other  hand,  it  will  be  difficult  to  fire 
many  cartridges  simultaneously,  and,  strictly 
speaking,  the  cartridges  should  be  made  on 
the  spot,  and  be  in  a  very  hard  condition. 
That  would  scarcely  be  possible  below 
ground;  the  spiriting  liquid  might  break  the 
glasses  of  the  hot  safety  lamps,  and  it  re- 
mains to  be  investigated  whether  the  large 
volumes  of  oxygen  might  not  lead  to  spon- 
taneous ignition  of  marsh  gas  or  coal  dust. 
The  evaporating  oxygen  would,  on  the  other 
hand,  improve  the  air,  and  the  blasting 
would  not  contaminate  it  Some  of  these 
objections  are  very  serious,  especially  the 
unreliability  of  the  power  of  the  cartridge, 
and  the  short  period  during  which  it  remains 
active.  The  cartridge  cannot,  of  course,  be 
sealed,  nor  can  the  vessels  in  which  the 
liquid  air  is  transported.  For  military  oper- 
ations oxylignit  would  certainly  not  appear 
to  be  suitable.  But  the  whole  question  is 
only  in  its  exi)erimental  stage,  and  better 
methods  of  making  cartridges  could  probably 
be  devised. 
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TWO  geological  phenomena  that  are  of 
popular  as  well  as  striking  interest  are 
glaciers  and  ice  sheets  on  the  one  hand 
And  yolcanoee  and  lava  flows  on  the  other. 
In  no  part  of  the  world  are  the  manifesta- 
tions of  the  two  great  dynamic  forces  of 
nature  —  water  and  fire — more  strikingly 
shown  than  in  that  known  as  the  Great 
Northwest  of  the  United  States.  This 
region  indndes  parts  of  Oregon,  Idaho, 
Waahington,  California,  British  Oolambia, 
and  Alaska.  This  vast  section  was  at  one 
time  deluged  by  oceans  of  lava,  and  after- 
ward covered  with  great  fresh-water  lakes, 
and  huge  ice  sheets  and  glaciers. 

A  trip  throogh  a  portion  of  this  area  dur- 
ing the  past  summer  was  particularly  impres- 
siye,  and  the  results  of  the  trip  we  propose 
to  describe  are  in  line  with  the  sketch  that 
we  endeayored  to  give  in  a  preceding  article 
of  the  more  southern  portion  of  this  western 
area  along  the  line  of  the  Union  Pacific  and 
Central  Pacific  railways  frx>m  Denver  to  San 
Frandsco. 

We  encounter  the  first  signs  of  one  of  these 
great  ph^omena,  before  mentioned,  on  the 
Oregon  Short  Line  Bailroad,  between  the 
boundaries  of  Wyoming  and  Idaho.  Here 
we  meet  the  extreme  eastern  border  of  what 
is  known  as  the  Great  Lava  Flow  of  the 
Ncoihwest,  a  body  of  lava  composed  of 
many  dififerent  consecutive  layers,  sheets, 
and  flows,  that  with  little  interruption  cover 
the  great^  part  of  Washington,  Idaho,  and 
Oregon  for  over  200,000  square  miles,  and 
are  from  300  to  3,000  feet  thick.  Over  this 
area,  greater  in  extent  than  France,  there 
are  but  few  volcanic  cones  or  craters  to 
which  these  flows  may  owe  their  origin. 
What  few  isolated  crater  mountains  there 
are,  like  Mt  Hood  and  Mt.  Tacoma,  are  re- 
stricted to  the  Pacific  Coast,  and  though 
the  fires  in  these  are  not  yet  quite  dead,  we 
can  in  no  wise  attribute  the  vast  areal  flows 
to  such  limited  sources.  It  seems  more 
probable  that  the  earth  opened  its  mouth  in 
a  multitude  of  fissures,  from  which  the 
molten  floods  poured  like  an  ocean  of  fire  in 
successive  flows  over  the  country,  than  that 
these  vast  sheets  were  emitted  from  isolated 
volcanic  cones  or  craters.    Although  most 


oriflces  from  which  the  lava  could  have  come 
are  deeply  covered  by  the  lava  sheets,  and 
all  traces  of  the  friable  material  of  which 
crater  cones  are  usually  composed  have  been 
removed  by  erosion,  yet,  in  a  few  favored 
spots,  we  actually  find  evidences  of  fissures 
that  may  have  supplied  the  lava  now  filled 
with  solid  dikes  of  basalt. 

Near  Pocatello,  on  the  Oregon  Short  Line, 
granitic  mountains  come  down  to  the  border 
of  the  great  desert;  and  in  the  narrow 
valleys  between  these  hills  we  find  the 
natural  watercourses  filled  by  long  flows  of 
black  basaltic  rock,  just  as  if  a  molten  flood 
had  poured  down  the  valleys  and  driven  the 
rivers  from  their  natural  bed,  and  then  con- 
gealed there  like  the  slag  poured  from  the 
slag  pot  of  a  smelting  furnace. 

Later,  in  some  cases,  the  rivers,  by  cutting 
through  the  lava,  recovered  the  original 
river  bed,  and  so,  as  we  go  along  the  valley 
by  the  side  of  the  stream,  we  pass  through 
walls  of  black  molten  rock  rising  in  terraces 
of  columns  one  above  the]  other,  on  either 
side  of  the  railroad  track.  The  surface  of 
these  coulees,  or  lava  flows,  resembles  the 
top  of  a  honeycomb,  owing  to  the  rude 
symmetrical  cracks  outlining  the  divisions 
between  the  polygonal  columns  of  the  lava 
sheet,  which  resemble  those  of  the  Giant's 
Causeway  or  the  Palisades  of  the  Hudson. 
These  cracks,  as  well  as  the  columns,  are 
caused  by  the  cooling  and  contraction  of  the 
lava  in  much  the  same  way  that  cracks  are 
formed  in  the  muddy  bed  of  a  pond  that  is 
drying  up.  They  descend  vertically  through 
the  lava  sheet,  and  outline  and  define  the 
forms  of  the  pillars  or  columns  that  are 
so  strikingly  characteristic  of  basaltic  forma- 
tions. Between  one  lava  sheet  and  another 
there  is  often  a  littleuterrace  formed  of  rough, 
spongy,  cindery  lava.  This  originated  from 
the  froth,  charged  with  steam,  oi^the  top  of 
one  lava  sheet  before  the  second  one  was 
poured  on  it 

As  we  advance  northward  into  Idaho  the 
lava  sheets  become  wider  and  more  general, 
till  at  last  they  cover  the  whole  region,  and 
form  a  vast  repulsive  desert  of  black  molten 
rock,  barely  clothed  with  sage  brush.  In  the 
distance,  a  few  sharp-cut  volcanic-looking. 
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moontaiiiB  break  the  monotony.  In  the 
near  foreground,  the  undulating  maasee  of 
black  rock  are  here  and  there  diversified 
bj  small  rough  dndery-looking  cones  from 
10  to  30  feet  in  height,  hollow  in  the  center 
and  breached  on  one  side,  as  if  they  had 
split  open  from  some  cause  and  discharged 
their  contents.  They  look  like  miniature 
craters  on  the  great  lava  plain.  Originally, 
they  were  blisters  or  bubbles  charged  with 
steam,  and  their  peculiar  form  results  from 
the  explosion  of  the  steam.  Doubtless  they 
emitted  fire,  smoke,  and  lava,  like  little 
volcanoes,  until  the  steam  was  exhausted. 
These  miniature  volcanoes  on  the  lava  flows 
of  Vesuvius  are  called  by  the  natives  homitoB. 

We  are  glad  when  night  throws  a  veil 
over  the  dreary  scene,  but  even  when  we 
awake  next  morning,  in  the  pleasant 
meadows  and  valleys  of  Oregon,  the  same 
rock  oonfrt>nt8  us  by  the  roadside,  and 
continues  with  us,  with  few  exceptions, 
to  the  end  of  our  journey  through  the 
Northwest. 

The  scenery  produced  by  cllffa  of  these 
singular  columnar  rocks,  where  the  Snake 
River  or  the  Columbia  cuts  a  cafion  down 
through  them  for  several  hundred  feet,  is 
often  very  striking,  and  throws  the  cele- 
brated Palisades  of  the  Hudson  into  the 
shade.  Often  there  is  a  vertical  cliff  of  regu- 
lar columns,  100  feet  high,  rising  above  the 
river,  surmounted  by  a  terrace  and  another 
row  of  columns,  and  so  on  to  the  summit 
The  columns  are  not  always  of  the  same  size, 
nor  do  they  always  point  in  the  same 
vertical  direction.  Near  the  summit,  e8x>e- 
dally,  they  may  be  very  small,  only  a  few 
inches  in  diameter,  and  point  in  every  direc- 
tion, like  a  fan.  As  many  as  608  layers  of 
columnar  lava,  each  from  50  to  150  feet 
thick,  have  been  observed  on  the  walls  of 
the  Columbia  River. 

A  vertical  dike  of  this  basaltic  rock,  filling 
a  fissure  that  is  cut  through  other  formations, 
may  resemble  a  row  of  piled-up  cord  wood, 
the  columns  being  horizontal,  and  the  cracks 
having  formed  the  pillars  at  right  angles  to 
the  cooling  surfaces,  which  were  the  walls 
of  the  fissure.  These  dikes  are  rarer  than 
the  sheets.  As  we  approach  the  descent  to 
the  Columbia  River  near  Wenatchee,  the 
colunmar  clifib  on  each  side  of  the  cafion  are 
very  conspicuous,  and  as  the  green  waters  of 
the  river  wind  among  the  black  lava  boulders 
and  across  the  dr^iry  country,  we  might 
imagine  ourselves  in  the  mountains  of  the 
moon,  so  bleak,  so  weird,  so  desolate  is  the 
scene. 


Monotonous  and  uninviting  as  is  the  ap- 
pearance of  this  singular,  molten,  black  rock, 
it  has  its  redeeming  qualities. .  It  readily 
decomposes  on  the  surface  into  a  rich  black 
soil,  the  decomposition  being  fiualitated  by 
the  &ct  that  moisture  has  access  to  the 
cracks  between  the  pillars  and  to  the  spongy 
''lava  froth"  of  the  surfloce  flows.  The 
minerals,  too,  composing  the  rock  are  not 
only  more  or  less  easily  soluble,  but  contain 
lime  and  phosphates  and  other  elements  con- 
ducive to  the  formation  of  a  rich  soil.  To 
this  geological  structure,  with  its  attendant 
surface  decomposition,  may  be  attributed  the 
fertility  of  the  country  around  Vesuvius 
and  Etna,  in  Europe,  and  the  billowy  grain 
fields  of  Oregon  and  Washington,  in  the 
United  States. 

The  rock  makes  good  road  metal  and  fair 
building  stone.  Spokane,  the  frontier  dty 
of  the  Northwest,  is  built  upon  terraces  of 
this  lava,  and  many  of  the  houses  are  con- 
structed of  it.  Curiously  enough,  though 
the  predous  metals  are  usually  connected 
with  volcanic  eruptions,  these  vast  basaltic 
flows  are  remarkably  destitute  of  metals  of 
any  kind. 

The  cause  of  these  great  lava  flows  was 
doubtless  due  to  some  upward  movement  of 
the  great  Rocky  Mountun  system,  the  ter- 
rible straining  force  of  which  produced  great 
fissures,  from  which  the  fiery  fiood  poured. 
The  lava  eruptions  appear  to  have  begun 
about  the  dose  of  the  Cretaceous,  or  Meeo- 
zoic,  period,  continuing  on  into  the  Tertiary, 
and,  in  a  minor  degree,  into  the  Quaternary, 
and  in  our  modem  crater  volcanoes,  even 
up  to  today.  The  disturbances  and  erup- 
tions were  not  confined  to  the  Northwest, 
for  all  through  the  center  of  Colorado  there 
are  dikes  and  lava  fiows  that  culminate  in  a 
huge  lava  plateau  in  the  San  Juan  Moun- 
tains, covering  many  hundreds  of  square 
miles  in  Southern  Colorado.  The  same 
eruptions  are  continued  at  intervals  in 
Arizona  and  New  and  Old  Mexico,  and 
along  the  eastern  fianks  of  the  Rodcy 
Mountain  Range. 

The  next  event  that  happened  to  the  great 
lava  flow  was  that  its  surface  was  covered 
with  a  vast  lake,  or  fresh-water  sea,  as  if  to 
quench  effectually  its  latent  heat.  This 
fresh-water  lake  covered  a  great  region  of 
central  Washington  and  Idaho,  and  the 
traces  left  by  it  on  the  banks  of  the  John 
Day  River,  of  Oregon,  have  led  geologists  to 
call  it  the  John  Day  Tertiary  Lake.  The 
bed  of  this  lake  is  found  to  be  composed 
entirely  of  minute  volcanic  dust  and  debris. 
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which  moat  have  been  ejected  from  explosiye 
yolcanic  yents  m  the  yidnity,  and  fallen 
in  showers  into  the  lake  till  a  thickness 
of  a  thousand  feet  accomalated  on  the 
bottom. 

Sections  and  terraces,  left  by  this  lake  on 
the  flanks  of  the  Cascade  Mountains  and  on 
the  so-called  "White  Cliflis"  of  the  Colum- 
bia Riyer  show  the  material  to  be  soft  and 
fHable,  but  at  times,  by  pressure,  it  is 
hardened  into  the  consistency  of  building 
stone.  These  beds  entomb  the  fossil  remains 
of  many  large  and  strange  prehistoric  mam- 
mals, together  with  the  fossil-leaf  impres- 
sions and  trunks  of  trees  of  a  semitropical 
yegetation  that  once  grew  around  the  edges 
of  the  lake.  In  time,  this  great  body  of 
water  drained  off,  leaying  its  beds  of  sand- 
stone ooyering  the  laya. 

The  next  eyent  that  occurred  was  a  general 
disturbance  of  the  region,  by  which  the 
laya  sheets  with  their  oyerlying  lake  beds 
were  uplifted  in  great  blocks,  and  what  is 
now  known  as  the  Cascade  Range  was 
formed.  These  uptilted  blocks  of  country 
are  surrounded  by  innumerable  and  deep 
Ikults,  and  show  steep  difls,  or  fault  escarp- 
ments, the  line  or  fissure  of  the  fault 
running  along  the  base  of  the  difb.  Sub- 
seqae9t]y  these  mountains  have  been  modi- 
fied by  landslides  on  a  grand  scale,  due 
to  the  heayy  laya  beds  resting  on  layers  of 
more  friable  material.  In  these  landslides 
are  often  found  the  fossil  trunks  of  prehis- 
toric oak  and  pine  trees. 

Long  after  the  great  lake  was  drained 
and  its  bottom  upraised  into  mountains, 
and  after  deep  cafions  had  been  cut  in 
it  by  riyers,  a  third  eyent  happened.  The 
dimate,  which  had  hitherto  been  mild 
or  semitropical,  gradually  changed  as  the 
ice  sheet  of  the  glacial  epoch  set  in  from 
the  north.  Eyery  mountain  amphitheater 
became  filled  deep  with  snow,  which  was 
packed  by  pressure  into  ''snowbaH"  ice,  or, 
as  the  Swiss  call  it,  nh)S  ice.  This  eyolyed 
into  clear  blue  gladal  ice,  which  began  to 
descend  from  the  mountain  amphitheaters 
down  the  cafions,  moying  slowly,  partly  by 
down-hill  pressure,  and  partly  by  a  peculiar 
process  of  minute  fracture  and  alternate 
thawing  and  freezing.  The  thickness  of 
these  ice  masses  may  be  judged  from  the 
marks  left  by  one  of  them  on  the  walls  of 
the  great  depression,  the  lower  portion  of 
which  is  occupied  by  the  present  Lake 
Chelan.  This  depression  was  100  miles  long 
and  3,000  feet  deep,  the  last  500  feet  being 
bdow  sea  leyel.    Marks  are  found  on  the 


diflb  showing  that  it  was  filled  throughout 
by  a  glader  3,000  feet  thick. 

These  huge  masses  of  ice  greatly  enlarged, 
deepened,  and  widened  the  original  cafions 
through  which  they  passed,  and  broadened 
them  fit>m  the  V  shape  cut  by  the  stream  to 
their  present  broad  U  shape.  The  rocks  on 
the  sides  and  bottom  of  the  cafion  were 
scored,  grooyed,  rounded,  and  polished;  and 
debris  from  the  frost-cracked  clifis  falling  on 
the  ice  was  carried  along  on  its  surface  in 
long  moying  trains  called  moraines.  These 
fragments  may  be  any  size;  we  measured  one 
at  Wenatchee  that  was  70  feet  long,  60  feet 
wide,  and  25  feet  high — ^laiger  than  a  good- 
sized  log  cabin. 

On  reaching  the  terminus,  or  end  of  the 
ice,  the  blocks  rolled  off,  forming  a  crescent- 
like bank  or  moraine  thrown  across  the 
cafion.  When  the  glacier  retreated  by  mdt- 
ing,  this  moraine,  by  obstructing  the  drain- 
age of  the  cafion,  caused  a  lake  to  form  back 
of  it  In  this  way  was  formed  the  singular 
winding  riyer-like  Lake  Chelan,  filling  the 
deepest  portion  of  a  cafion  1,500  feet  in 
depth,  65  miles  in  length,  and  in  width 
rarely  exceeding  2  miles  and  often  only  a 
few  hundred  yards.  Into  the  green  depths 
or  dark  abysses  of  this  lake  the  ground  and 
polished  fiiices  of  the  cliffs  of  the  surround- 
ing mountains  plunge  abruptly,  with  deep 
water  close  to  the  water-line. 

A  glacier  also  flowed  down  the  yalley  now 
occupied  by  the  Okanogan  Riyer,  and,  on 
reaching  the  Columbia,  turned  that  riyer 
from  its  course  and  filled  the  cafion,  2,400 
feet  deep,  brimful  with  ice,  and  then  oyer- 
fiowed  and  crossed  it,  continuing  on  its 
course  without  deflection  to  the  great  plain 
of  the  Columbia,  scattering  laya  boulders  on 
its  way  oyer  the  plat^u.  Its  southern 
limit,  according  to  Mr.  Israd  Russell,  to 
whose  researches  we  are  indebted  for  our 
knowledge  of  the  glaciation  of  this  region, 
was  the  site  of  the  present  Coulee  City,  and 
its  eastern  limit  was  defined  by  the  walls  of 
the  Grand  Coulee  itself.  At  the  south  it 
ended  in  a  great  glacial  lake  called  Lake 
Lewis,  and  sent  icebergs  oyer  the  lake 
freighted  with  boulders,  some  of  which 
came  from  as  fi&r  north  as  Canada. 

This  Lake  Lewis  coyered  a  large  area 
of  the  great  plains,  extending  south  into 
Oregon  and  east  to  Idaho.  The  lake  was 
caused  by  a  dam  at  The  Dalles;  a  glader 
also  probably  obstructed  its  drainage.  It 
was  1,000  feet  deep,  and  left  terraces  behind 
it  on  the  hillsides  marking  its  former 
leyd.    It  existed  at  the  time  of  the  greatest 
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extension  of  the  glaciers,  and  was  fed  by 
their  melting. 

Over  the  Columbia  plain  are  scattered 
huge  boulders  of  granite  and  basalt,  dropped 
from  icebergs  floating  out  on  the  lake.  The 
great  glacier,  carrying  boulders  over  the 
southern  border  of  Douglas  County,  came 
from  the  north  down  the  broad  valley  now 
drained  by  the  Okanogan,  and  crossed,  as 
we  have  said,  the  cafion  of  the  Columbia 
without  turning  from  its  course.  On  reach- 
ing the  southern  wall  of  the  caAon,  formed 
of  basalt  resting  on  granite,  a  cliff  arose  to  a 
height  of  2,500  feet  athwart  its  course.  This 
it  overrode,  as  shown  by  the  scoring  on  the 
rocks,  and  continued  on  to  Coul^  City  and 
ended  in  Lake  Lewis.  The  glacier,  as  it 
overrode  the  diff,  carried  off  the  lava  cap 
and  scattered  its  debris  over  the  plain  for 
60  miles. 

One  of  the  most  striking  and  remarkable 
features  of  this  r^on  is  what  is  called  the 
ooul^,  of  which  the  Grand  Coul^  is  the 
beet  example,  and  reveals  the  history  of 
these  singular  avenues  of  basaltic  clifls. 
The  Grand  Coulee  is  4  miles  wide,  and  con- 
sists of  a  flat-bottomed  valley,  now  occupied 
by  farm  lands,  between  vertical  walls  of 
basalt  several  hundred  feet  in  height  The 
bottom  of  the  valley  is  500  feet  above  the 
valley  of  the  present  Columbia  River,  and 
the  descent  into  it  is  by  a  precipice  of  basalt 
over  which  a  great  cascade  once  poured  that 
cut  back  the  clifi'  for  half  a  mile.  When 
the  ice  of  the  Okanogan  Glacier  discharged 
south,  it  crossed,  as  we  have  said,  the 
Columbia  Caflon,  and  dammed  back  the 
waters  of  the  river,  which  escaped  south 
over  the  precipice  and  down  the  Grand 
Coulee.  The  glacier  also  poured  over  the 
western  wall,  and,  breaking  ofl*,  charged  the 
river  below  with  icebergs  that  swept  down 
the  coulee  and  over  the  plain  to  the  south, 
to  the  outlet  of  the  gorge  at  Coulee  City, 
and  there  dropped  the  boulders  that  still 
obstruct  the  plain. 

The  cafion  below  Coulee  City  is  400  feet 
lower  than  the  bottom  of  the  ^eat  gorge 


leading  north  to  the  Columbia.  As  the 
great  river  flowed  through  the  coulee,  it 
plunged  into  the  cafion  over  a  precipice  400 
feet  high,  in  a  fall  more  than  twice  the 
height  of  Niagara,  and  wore  out  deep  basins 
in  the  rocks  below,  converting  them  into 
little  lakes.  We  can  imagine  how  the  cliflf 
would  look  if  the  waters  that  pour  over 
Niagara  Falls  were  drained  off;  so  that  to 
look  back  over  a  precipice  of  black  basalt 
twice  the  height  of  Niagara— over  which  the 
Columbia  once  poured — ^is  a  most  impressive 
sight. 

A  peculiar  feature  observed  in  this  region 
is  that  rivers  have  cut  down  their  channels 
across  the  upraised  volcanic  blocks  of  moun- 
tains as  rapidly  as  the  volcanic  ridges  were 
raised  by  fiiults  occurring  athwart  their 
course.  A  river  that  once  gains  a  right  of 
way  is  bound  to  keep  it,  no  matter  what 
obstructions  are  raised  in  its  path.  The 
higher  the  mountain  rises,  the  deeper  the 
river  cuts. 

Such  are  some  of  the  remarkable  phe- 
nomena of  this  remarkable  region,  but 
besides  the  traces  of  the  gigantic  forces  of 
the  past,  there  are  still  some  diminished 
representatives  of  them  existing  in  the 
neighborhood.  At  one  time  it  was  thought 
that  we  had  no  gladers  in  the  Rocky 
Mountain  system,  at  least  none  comparable 
to  those  of  the  Alps,  but  later  researches 
have  discovered  several  quite  or  nearly  on  a 
par  with  those  of  the  latter.  A  good-sized 
glacier  was  first  discovered  by  the  Hayden 
party  in  the  Wind  River  Mountains  of 
Wyoming;  later,  quite  a  number  of  glaciers 
of  various  sizes  have  been  found  in  the 
Sierras;  and  lately  we  saw  the  diminished 
relics  of  the  great  Chelan  Glacier  still  ding- 
ing to  the  summits  and  upper  caflons  of  the 
Cascade  Mountains  above  the  old  glacial 
Lake  Chelan;  and  in  the  cafions  in  that 
vicinity  the  glacial  marks  on  the  smooth 
rounded  walls  are  so  fresh  as  to  impress 
one  with  the  idea  that  it  is  only  a  com- 
paratively short  time  since  the  gladers 
vacated  them. 
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THE  INSIDE  OF  A  STEAM  TRAP 


How  THB  Water  Is  Alix)wkd  to  Escape  Automatically,  While  8team  Is  Held  Back. 
The  Use  op  the  Floating  Bucket 


STEAM  traps  are  need  for  the  purpose 
of  automatically  draining  water  of  con- 
densation from  any  pipe  or  veseel  con- 
taining steam,  without  allowing  the  steam 
to  escape.  They  are  invaluable  in  the 
steam-engineering  and  steam-heating  profes- 
sions. For  example,  in  steam-engineering 
practice  they  are  used  to  automatically  drain 
water  from  low  points  in  steam  mains, 
which,  if  n^lected,  are  liable  to  burst  a 
steam  pipe  or  drive  the  head  off  the  cylin- 
der of  an  engine.  A  careful  engineer  will 
never  start  an  engine  without  first  draining 
all  water  out  of  the  steam  main  and  the 
cylinders.  But 
engineers, 
even,  have 
been  known  to 
forget  things, 
and  plugs  of 
water  have, 
consequently, 
been  blown 
into  engine 
cylinders,  to 
the  detriment 
of  the  engines, 
causing  con- 
siderable ex- 
pense to  their 
owners. 

In  the  steam 
heating  trade, 
steam  traps 
are  in  great 
demand.  They 
are  used  to 
automatically 
drain  water  of 
condensation  from  steam  radiators  and  their 
distributing  pipes.  For  example,  the  ex- 
haust steam  from  an  en^^ne,  combined  with 
a  little  live  steam  from  the  boilers,  is  used  to 
heat  a  building  by  means  of  radiators  and 
pipe  coils.  All  the  condensation  water  flows 
through  ''return  pipes"  to  a  central  spot, 
where  these  pipes  connect  to  a  steam  trap. 
This  trap  allows  the  water  to  drain  away 
from  the  heating  system  into  a  hot  well, 
from  which  it  is  pumped  back  to  the  boiler 
while  hot 

A  certain  penny-wise  and  pound-foolish 
steam  engineer's  opinion  was  asked  regard- 


ing the  installation  of  steam  traps  in  an 
addition  that  was  being  built  to  the  plant 
already  under  his  charge.  "Well,"  he 
replied,  with  an  assumed  thoughtfal  ex- 
pression that  he  must  have  cultivated  from 
boyhood,  "what's  the  use  of  going  to  the 
expense  of  putting  in  steam  traps  when  a 
drip  pipe  with  a  valve  on  it  will  drain  the 
water  off?  I  can  easily  throttle  down  the 
valve  and  set  it  so  that  the  water  will  run 
off  just  as  quick  as  it  gathers." 

It  is  needless  to  say  he  got  a  chance  to 
do  it  He  erred  on  the  safe  side  at  first,  by 
allowing  the  drip  pipes  to  blow  steam,  but 

the  proprietor 
informed  him 
that  such  a 
waste  of  steam 
could  not  be 
permitted,  so 
the  ignoramus 
throttled 
down  the 
valves  on  the 
drip  pipes  un- 
til nothing  but 
water  came 
out.  He  did 
not  consider 
the  fact  that 
the  amount  of 
condensation 
water  to  be  re- 
moved  from 
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the  system  is 
variable.  The 
result,  of 
course ,  was 
quite  natural 
—he  blew  an  elbow  on  the  steam  main  to 
pieces  and  nearly  scalded  himself  to  death. 
When  he  recovered  he  recommended  steam 
traps. 

There  are  lots  of  different  kinds  of  steam 
traps  on  the  market,  but  it  is  questionable 
whether  any  are  much  more  suitable  for 
general  work  than  "The  Albany  Trap," 
an  illustration  of  which  is  shown  in  the 
accompanying  figure.  The  condeneation  pipe 
connects  to  the  tapping  marked  inlet,  and 
the  pipe  intended  to  discharge  the  conden- 
sation water  after  it  has  passed  through  the 
trap,  connects  to  the  coupling  tail  marked 
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ouUet.  Water  and  steam  together  flow  into 
the  outer  casting,  and  surround  the  bucket 
As  the  water  fills  the  chamber,  the  bucket, 
being  empty,  floats,  and  thus  rises  with  the 
water,  and  the  valve  B  is  pressed  up  against 
its  seat.  The  trap  is  then  dosed,  and  neither 
steam,  air,  nor  water  can  escape,  unless  the 
by-pass  valve  D  is  open,  which,  when  the 
trap  is  in  action,  should  always  be  shut 
When  the  water  cf  condensation  rises  high 
enough  to  overflow  the  floating  bucket,  this 
vessel  soon  Alls  up  and  loses  its  buoyancy, 
when  it  sinks  and  opens  the  outlet  valve 
again.  The  steam  pressure  bearing  down  on 
the  surface  of  the  water  in  the  bucket  now 
forces  this  water  up  the  tube  E^  through 
the  valve  opening  at  ^,  and  into  the  outlet 


pipe.  But,  when  the  water  is  nearly  all 
forced  out  of  the  bucket,  this  vessel  becomes 
buoyant,  as  before,  and,  rising,  doses  the 
valve  again.  This  operation  is  repeated 
while  the  trap  is  in  action,  and  you  can 
easily  see  how  water  is  automatically  per- 
mitted to  escai)e  while  the  steam  is  hdd 
back. 

Fig.  2  shows  how  a  special  wrench  is 
employed  to  remove  the  valve  seat  through 
the  screw- cap  opening  at  H.  Fig.  3  shows 
how  the  valve  is  attached  by  a  split  pin  that 
allows  it  to  swivel,  and  thus  adapt  itself  to 
the  valve  seat  The  plug  0  is  used  to 
drain  the  trap  body  and  prevent  it  from 
freezing  during  cold  weather,  when  it  is  not 
in  use. 


TESTING  RAIL  JOINTS 


A  NOVEL  method  for  testing  the  resistance 
of  street-railway  track  joints  is  shown 
in  the  accompanying  illustration.  The 
operator  on  the  left  is  provided  with  two 
poles  having  pointed  metal  terminals. 
Flexible  wires  lead  from  these  terminals  to 
the  box  carried  by  the  second  operator,  who 
also  carries  a  similar  rod  connected  to  the 


box  as  shown.  This  box  contains  an  inter- 
rupter that  interrupts  the  current  flowing 
through  the  head  tdephone  worn  by  the 
operator,  and  thus  causes  tiie  telephone  to 
make  a  noise.  Poles  a  and  b  are  placed 
about  3  feet  apart,  so  as  to  span  the  joint 
and  flsh-plate.  Pole  c  is  placed  about  4  or  5 
feet  fr^m  b.  By  means  of  the  switch  the 
telephone  is  thrown  flrst  across  one  span 


and  then  across  the  other,  the  pole  c  being 
shifted  until  the  sounds  obtained  for  the  two 
diflerent  positions  are  nearly  the  same  in 
loudness.  The  switch  on  the  box  is  then 
thrown  to  the  middle  position  and  the  posi- 
tion of  c  more  accuratdy  adjusted,  until  little 
or  no  sound  is  heard  in  the  tdephone. 
When  this  condition  of  afiiedrs  is  reached,  the 
resistance  of  the  length  of  rail 
between  b  and  c  is  equal  to  the 
resistance  of  the  joint  between  a 
and  b.  Since  the  weight  of  rail 
per  yard  is  known,  the  resistance 
of  the  joint  may  be  calculated  from 
the  known  length  b  c.  Usually, 
however,  this  would  not  be  neces- 
sary, because  the  testis  used  prin- 
cipally for  locating  bad  joints, 
and  comparative  results  are  what 
are  looked  for  more  than  absolute 
measurements. 

It  will  be  noticed  that  the 
above  test  makes  use  of  the  cur- 
rent flowing  in  the  rail,  but  is  independent 
of  the  variations  in  this  current,  because 
the  same  current  flows  through  both  rail 
and  joint.  The  use  of  the  tdephone  instead 
of  a  voltmeter  allows  the  tests  to  be  car- 
ried out  conveniently  and  rapidly.  It  is 
claimed  that  this  method  of  testing  has 
been  used  quite  successfully  throughout  New 
England. 
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BUILDING  CONCRBTE  WALLS 


J.  J.  B.,  mixabeth,  K  J. 


A  8H0BT  time  ago  I  saw  a  building  con- 
stracted  of  concrete;  and,  as  such  work  is 
somewhat  unusual  in  this  country,  a  descrip- 
tion of  the  method  employed  might  be  of 

interest  to  your 
readers.  The 
building  was 
erected  in  this 
city  for  The 
Standard  Oil 
Ck>mpany.  The 
work  was  in  the 
nature  of  ah 
ezi)eriment,and 
two  methods 
were  employed. 
They  first  put 
up  posts  as  high 
as  the  f  i  r  st 
story,  and  then 
planked  up  in- 
side the  posts  to 
a  height  of  4 
feet,  the  space  between  the  planks  being  the 
thickness  of  the  wall.  The  concrete  was 
tamped  in  the  plank  mold  to  the  top,  and 
the  planking  then  carried  up  another  4  feet, 
and  so  on  until  the  wall  was  one  story  high. 
The  carpenter  then  put  in  the  floorbeams, 
and  for  the  rest  of  the  building  they  tried 
another  scheme. 

Brackets  about  6  feet  high  were  made, 
such  as  shown  in  the  sketch.  These  brackets 
were  set  on  the  wall,  plumbed  up,  and 
braced,  and  the  planks  set  inside  and 
fiutened.  Then  the  concrete  ^as  tamped 
in.  After  the  concrete  was  well  set,  the 
bolt  at  the  bottom  was  drawn  out,  leaving 
a  small  hole  in  the  wall,  and  the  brackets 
and  planks  were  removed.  The  brackets 
were  then  braced  on  top  of  the  finished 
wall,  as  before,  and  the  operation  was 
repeated. 

I  do  not  know  whether  or  not  the  four 
stories  were  built  in  this  way;  but,  as  each 
layer  must  set  before  the  brackets  can  be 
raised,  the  operation  is  a  rather  slow  one. 

[We  would  be  pleased  to  hear  from  other 
subscribers  that  have  had  any  experience 
with  concrete  building  construction.    Our 


own  experience  has  been  that  not  more 
than  a  12-inch  layer  should  be  deposited 
and  lightly  tamped  in  place  at  one  time; 
this  should  be  allowed  to  set  well  before  the 
subsequent  layers  are  put  on.  There  is  no 
"hurrying  up"  of  concrete  construction 
in  the  category  of  good  work. — Ed.] 

A  GOOD  HARDENING  COMPOUND 


August  Maukaeh^  Springfield,  S,  D. 


In  habdbning  small  tools,  some-  of  the 
more  delicate  and  essential  parts  of  the  tool 
to  be  hardened  are  very  apt  to  be  over- 
heated and  burned  unless  extreme  care  is 
used.  For  a  long  time  I  have  used  the 
following  compound  to  prevent  overheating, 
which  will  give  satisfactory  results  if  used 
with  reasonable  care.  I  dissolve  2  ounces 
of  Castile  soap  in  enongh  soft  water  to 
make  a  thin  i>aste,  and  add  the  contents 
of  a  5-cent  package  of  lampblack,  mixing 
it  well  into  a  stiff  paste.  This  compound 
is  to  be  kept  in  a  tightly  covered  can. 

When  hardening  a  small  tap,  for  instance, 
I  slightly  warm  the  tap  and  then  smear  the 
paste  all  over  it.  When  dry,  I  heat  and 
quench  in  the  usual  way.  When  the  tap 
comes  out  of  the  hardening  bath,  it  will  be 
found  dean  enough  to  observe  the  color 
in  tempering.  Furthermore,  the  paste 
between  the  teeth,  being  a  poor  conductor 
of  heat,  has  prevented  them  from  becoming 
hotter  than  the  body  of  the  tap,  and  also 
prevented  cooling  while  transferring  the  tap 
from  the  fire  to  the  water.  As  a  consequence, 
the  degree  of  hardness  is  more  uniform. 

I  use  the  same  compound  for  small 
springs,  lathe  tools,  cones  of  bicycles,  and 
similar  work,  and  have  always  obtained 
great  satisfieu^on  from  it. 

GAUGE  FOR  READING  SMALL  CHANGES  IN 
PRESSURE 

A  Schemer 

A  RBADEB  from  Pittsburg,  Pa.,  sends  us 
the  following  description  of  a  method  for 
modifying  an  ordinary  pressure  gauge  so 
that  smaller  changes  in  pressure  can  be  read 
than  is  practicable  with  the  usual  construc- 
tion. In  order  to  make  it  possible  to  deter- 
mine the  level  of  the  water  in  the  reservoir 
of  a  certain  water  works,  a  pipe  leading  from 
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the  reservoir  was  fitted  with  an  ordinary 
preesare  gauge.  It  was  found,  however,  that 
the  gauge  could  not  be  read  as  closely  as  it 
was  desired  to  regulate  the  level   of  the 


LIGHTING  GAS  STOVES  BY  BLBCTRICITY 

Qto.  J.  Nuennekeju,  Milwaukee^  WU, 


water  in  the  leservoir.  In  order  to  secure 
the  desired  result,  the  motion  was  com- 
pounded, BO  as  to  increase  the  distance 
moved  over  by  the  pointer.  The  regular 
pointer  was  replaced  by  one  having  a  forked 
end  (see  a  in  the  figure).  This  fork  fitted 
over  a  pin  in  the  short  arm  of  a  second 
pointer  b  pivoted  at  c.  A  paper  scale  d 
pasted  on  the  dial  and  graduated  by  trial 
completed  the  change  and  i»txluced  a  gauge 
by  means  of  which  the  level  of  the  water 
in  the  reservoir  could  be  determined  with 
the  required  degree  of  precision.  With  the 
gauge  changed  as  shown  in  the  figure,  the 
pointer  b  turns  to  the  left  as  the  pressure 
increases,  instead  of  to  the  right,  as  would  be 
the  case  with  the  regular  pointer;  the  gradu- 
ation on  the  supplementary  dial  must  there- 
fore read  in  the  opposite  direction  to  that  of 
the  regular  dial.  The  center  of  the  supple- 
mentary dial  is  at  c,  the  center  of  the  pivot 
of  the  pointer  b. 

The  simple  pin  and  forked-end  connection 
between  a  and  b  confines  the  range  within 
which  b  can  move  to  narrow  limits;  it  also 
makes  the  rate  of  motion  of  b  variable  for  a 
given  change  in  pressure,  thus  making  the 
spaces  of  the  graduation  on  the  supplemen- 
tary dial  unequal  in  length.  For  the  narrow 
range  of  pressures  to  be  considered  in  the 
present  case,  these  limitations  and  irregu- 
larities made  no  practical  difference  in  the 
usefulness  of  the  instrument.  If,  for  any 
purpose,  it  should  be  desirable  to  secure  a 
greater  range  of  motion,  and  a  uniform 
spacing  for  the  graduations  on  the  supple- 
mentary dial,  the  simple  fork  and  pin  might 
be  replaced  by  a  sector  and  pinion. 


I  suBMrr  to  you  an  electrical  device  for 
lighting  gas  stoves.  This  device  I  rigged  up 
for  my  own  use  at  home,  and  found  it  con- 
venient and  saving. 

Procure  a  piece  of  14-gauge  insulated 
copper  wire  firom  8  to  10  inches  long,  a 
curling  iron,  and  a  few  feet  of  insulated  wire 
such  as  is  used  for  swinging  incandescent 
lights.  I  run  the  14-gauge  wire  along  one 
side  of  the  curling  iron,  and,  with  one  end 
bent  to  an  ellipse,  I  arranged  it  so  that  when 
the  handles  were  pressed  together  the  wire 
would  rub  against  the  metal  on  the  other 
side  of  the  curling  iron.  By  connecting  one 
of  the  light  wires  to  the  iron  and  the  other 
to  the  14-gange  wire,  using  string  or  tape  to 
hold  the  wires  in  place,  I  was  ready  to  con- 
nect to  the  battery.  The  battery  consisted 
of  two  ordinary  cells  of  the  carbon,  zinc,  and 
sal-ammoniac  type,  and  in  connection  with 
an  induction  coil  produced  a  good  spark.  By 
this  arrangement  the  fiogers  are  not  near 
the  flame,  and  the  liability  of  having  them 
severely  burnt,  as  often  occurs  when  the 
ignition  of  the  gas  hangs  fire,  as  it  were,  is 
entirely  done  away  with.  From  an  econom- 
ical point  of  view,  this  arrangement  saves 
much  gas  and  many  matches. 


ANOTHBR   METHOD   FOR   DB8CRIBING   AN 
OCTAGON 

C.  W.  Meyers,  Boat  Sandy,  Pa, 

I  NOTicB  in  the  January  issue  of  Scibncs 
AND  iKDusTBY  a  method  of  laying  out  an 


octagon.  Another  way  is  to  describe  a 
square  as  a6cd,  drawing  the  diagonals  ac 
and  6d,  and  make  ed  equal  to  da,  and  bj 
equal  to  6  a.  With  the  gauge,  set  off  the 
distance  ag  or  am,  draw  lines  parallel  to 
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the  four  sides  of  the  sqiuure,  as  shown 
dotted,  and  thus  g,  h,  k,  /,  j,  t,  n,  m  will  be 
the  points  through  which  the  octagon  may 
be  framed. 

PREVENTING  VIBRATION  OP  PLOOR8 

W.  H.  Wakeman,  New  Haven^  Conn. 

In  boms  shops  and  &ctories  the  vibration 
dae  to  unbalanced  machinery  does  not  seem 
to  be  objectionable,  provided  it  does  not 
shake  the  rafters  down,  bat  in  other  places 
it  cannot  be  tolerated.  In  a  certain  manual- 
training  school,  where  machinery  is  operated 
on  one  floor  and  laboratories  are  located  on 
the  floor  above,  it  was  necessary  to  ran  a 
shaft  at  right 
angles  to  the 
main-line  shaft, 
and  an  Almond 
quarter-tarn 
coupling  was  used 
to  transmit  power 
''around  the  cor- 
ner" (see  Fig.  1). 
It  is  a  very  neat 
contrivance  for 
this  purpose,  and,  when  in  place,  was 
viewed  with  much  satisfaction  by  the  men 
that  put  up  the  machinery.  After  it  had 
been  in  operation  about  15  minutes,  a  visit 
was  paid  to  the  laboratories  above,  when  it 
was  discovered  that  the  excessive  vibration 
was  shaking  bottles  from  the  shelves.  The 
first  step  to  remedy  this  was  to  remove  the 
driving  pulley  from  the  main-line  shaft  and 
replace  it  by  a  smaller  one;  the  driven  pulley 
was  also  changed  so  as  to  keep  the  speed  of 
driven  shaft  constant.  This  made  a  great 
improvement,  but  still  there  was  too  much 
vibration  for  comfort,  and  the  following 
plan  was  resorted  to. 

The  nuts   on   the   bolts   that   held   the 
timbers   supporting   the   coupling   to   the 


Fio.  1 


PlO.2 


-— afi^ 


floorbeams  were  slackened  so  that  pieces 
of  rubber  could  be  put  between  the  two 
timbers  (see  Fig.  2).  The  nuts  were  then 
taken  off,  the  common  washers  removed, 
and  others  of  a  special  type  put  in  their 


Fig.  8 


places  (see  Fig.  3).  Pieces  of  rubber  tires 
were  coiled  inside  of  these  washers,  and, 
when  put  into  place,  the  stringers  to  which 
the  coupling  is 
bolted  are  held 
between  two 
rubber  springs, 
or  buffers,  wher- 
ever a  bolt  is 
used.  Solid  rub- 
ber tires  for- 
merly used  on 
bicycles  were 
cut  into  proper  length  and  utilized  for  this 
purpose.  This  scheme  proved  very  effect- 
ive, as  the  vibration  was  almost  entirely 
eliminated.      ^__ 

SLOTTING  KEYWAY8  WITHOUT  A  SLOTTBR 

Fred.  W.  Wild 

Having  recently  seen  an  inquiry  as  to 
how  key  ways  can  be  slotted  in  the  hubs  of 
pulleys,  etc.,  when  no  machine  is  available, 
I  think  it  may  be  of  interest  to  machinists 
to  learn  of  a  way  of  producing  a  true  key- 
way  in  a  hub  without  the  use  of  a  machine. 
This  method  has  been  employed  by  me  in  a 


number  of  cases,  and  works  very  well. 
Take  a  piece  of  iron  or  steel  a  little  longer 
than  the  hub  to  be  slotted.  Turn  it  down 
for  a  length  about  equal  to  that  of  the  hub 
to  fit  nicely  in  the  bore,  forming  a  square 
shoulder  at  a.  Now  cut  a  slot  6,  equal  in 
width  to  the  width  of  the  key,  and  of  a 
depth  about  equal  to  the  width  of  a  key. 
Make  a  cutter,  or  broach,  to  fit  nicely  into 
this  slot,  relieving  it  as  shown  back  of  the 
cutting  edge.  Insert  the  mandrel  in  the 
hub  to  be  slotted;  turn  until  the  slot  is  in 
the  right  position,  and  insert  the  broach 
from  the  large  end  of  the  mandrel.  With  a 
heavy  hammer,  drive  the  broach  clean 
through  the  hub,  thus  taking  the  first  cut 
To  raise  the  cutting  edge  sufficiently  to  take 
another  chip,  insert  a  strip  of  thin  sheet  tin 
in  the  bottom  of  the  slot.  Bend  one  end  of 
this  strip  at  right  angles,  and  let  it  form  a 
stop  against  the  large  end  of  the  mandrel, 
thus  preventing   the  strip  from   traveling 
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with  the  broach.  Bepeat,  packing  up  and 
driving  the  broach  throogh  the  hub  until 
the  key  way  is  slotted  to  the  required  deptli. 
A  little  thought  wUl  show  that  the  slot  in 
the  mandrel  determines  the  course  of  the 
keyway  in  the  hub.  Hence,  care  should  be 
taken  to  have  it  cut  in  a  plane  passing 
through  the  axis  of  the  mandrel.  If  the 
keyway  is  to  have  draft,  simply  cut  the  bot- 
tom of  the  slot  in  the  mandrel  at  the  indina^ 
tion  corresponding  to  the  required  draft. 

A  PRACTICAL  VIONETTBR 
Ernest  W,  Mava,  Milwaukee^  Wis. 

I  BNCL08B  herewith  a  sketch  and  descrip- 
tion of  a  vignetting  frame,  which  I  hope  is 
of  sufficient  interest  to  appear  in  the  columns 
of  your  magarine.  In  the  accompanying 
figure,  (a)  shows  an  ordinary  printing  frame 
on  which  may  be  £Ewtened  the  vignetting 
frame  shown  in  (6).  This  second  frame  is 
made  of  metal— tin  is  good  enough— grooved 
on  both  sides,  half  way  down  from  the  top, 
running  the  length  of  the  frame.  The 
end  a,  in  (&),  is  open  to  receive  slides  having 
cut-outs,  or  vignettes,  each  slide  having  a 
cut-out  to  match  the  plate  in  the  printing 
frame. 

The  slide  is  made  about  IJ  inches  longer 
than  the  frame,  and  the  part  extending  is 
bent  down  at  right  angles,  to  shut  out  the 
light  from  the  open  end  of  the  vignetting 
frame.  The  slides  are  best  made  of  tin,  but 
good  stiff  cardboard  answers  as  well.    The 


grooves  in  the  sides  of  the  vignetting  frame 
enable  the  user  to  raise  or  lower  the  slide, 
according  to  the  blending  required  on  the 
print.  If  it  is  desired  to  have  a  sharp 
cut-off  in  blending,  the  slide  is  placed  doee 
to  the  printing  frume.  A  soft  gradual 
blending  is  obtained  by  moving  the  slide 
upwards  from   the   frame.     Any  size  or 


shape  of  cut-out  can  be  made  in  the  slides, 
and  kept  on  hand  for  future  use. 

The  writer  has  used  one  of  these  and  finds 
it  superior  to  cut-out  boxes  and  other 
vignetters  thus  tu  invented,  (d)  shows  the 
printing  frame  with  the  vignetting  frame 
attached. 
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THE  "LITTLE  BLUB  BOOK  ' 


This  is  a  neat,  compact  pocket  volume  con- 
taining the  time  tables  of  all  the  railroads  in 
Pennsylvania,  and  should  be  in  the  possession 
of  every  traveling  man,  hotel,  business  man, 
and  business  firm  in  the  state.  It  is  pub- 
lished monthly,  with  aU  corrections  up  to 
date,  at  $1.00  a  year.  Single  copies,  10  cents. 
Mailed  on  receipt  of  price.  Address,  *^  Little 
Blue  Book,''  Milton,  Pa. 

PBDERAL  BATTERY  SALT 

Wb  havb  received  descriptive  matter  rela- 
ting to  this  new  compound,  which  is  intended 
for  use  in  batteries.  The  makers  claim  that 
it  is  much  superior  to  sal  ammoniac,  as  it 
results  in  a  higher  voltage,  saves  zinc,  and 
prolongs  the  life  of  the  cell.  Another  ad  van- 
tage is  that  it  does  not  crystallize  or  form 


creeping  salts,  which  are  too  often  a  source 
of  annoyance  in  sal-ammoniac  cells.  If  the 
zincs  are  properly  amalgamated,  no  local 
action  takes  place. 

THE  LONDON  AND  BRISTOL  TRAMWAY  CO. 


Thb  Austin  Separator  Company,  of  Detroit, 
Mich.,  manufacturers  of  the  Austin  steam 
and  oil  separators,  have  just  shipped  an 
order  for  seven  of  their  7-inch,  new  pattern. 
Fig.  E,  iron,  horizontal,  receiver  machines, 
for  use  in  the  immense  new  power  plant  of 
the  London  and  Bristol  Tramway  Ck)mpany, 
London,  England,  in  connection  with  Allis 
engines.  As  this  is  one  of  the  most  impor- 
tant and  complete  power  plants  installed 
during  the  past  year  in  Great  Britain,  the 
selection  of  these  goods  is  a  distinctive  honor 
to  American  industry. 
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BNOINBBR'S   POCKBTBOOK 


Thx  American  Injector  Company,  Detroit, 
Mich.,  are  giving  away  a  'Mittle  red  engi- 
neer's book"  for  theveet  pocket  This  book 
answers  over  500  engineering  problems,  and 
is  well  worth  a  place  in  the  pocket.  They 
have  a  limited  sapply  left,  and  will  send 
them  to  engineers  that  mention  Scisncb 
AND  Ikdustby. 

THB  L.  8.  8TARRBTT  COMPANY 


Ws  HAYS  received  a  card  from  The  L.  S. 
Starrett  Company,  Athol,  Mass.,  that  reads 
as  follows:  '*We  beg  leave  to  announce 
that  this  company  has  been  incorporated 
ander  Massachasetts  laws,  with  officers  as 
follows:  L.  8.  Starrett,  President  and  Treas- 
urer; F.  A.  Ball,  Vice-President;  F.  E  Wing, 
Clerk.  We  wish  to  thank  the  mechanics 
and  dealers  whose  patronage  and  good  will 
have  made  this  business  the  largest  in  the 
world  devoted  exclusively  to  the  manufacture 
of  fine  mechanical  tools,  and  assure  them 
that  we  shall  spare  no  efibrt  to  merit  a  con- 
tinuance of  theur  friendship  and  support.'' 

RAPID-ACTING  VI8BS  FOR  WOOD  WORKBR8 


Thsrb  is  more  than  one  way  of  spelling 
vise.  For  instance,  it  may  be  vice.  When 
spelled  thus  it  sometimes  means  all  that  is 
bad.  When  spelled  the  other  way  it  means 
a  clamping  device,  which  may  be  good  or 
bad.  The  bad  vises  are  not  worth  mention- 
ing, but  about  the  good  vises,  manufactured 
by  W.  C.  Toles  &  Co.,  and  which  are  illus- 
trated in  our  advertising  columns,  we  have 
a  few  words  to  say.  In  the  first  place,  they 
are  rapid-acting.  This  means  time  saved, 
and  time  is  money,  and  a  dollar  saved  is  a 
dollar  earned;  so  you  see  how  important  it 
is  that  they  should  have  this  quality.  They 
must  be  strong;  this  is  the  second  considera- 
tion, but  not  the  least.  How  are  they  made 
strong?  Well,  in  the  same  old  way  in  which 
the  deacon  '*  built  the  one  hoes  shay.'' 

"  *  Fur,'  Mid  the  deaeon,  *  't'l  mighty  plain 
That  the  weakee'  place  moB*  stan'  the  strain; 
'N'  the  way  V  fix  It,  uz  I  maintain. 

Is  only  Jest 
T*  make  that  place  as  strong  as  the  rest.' " 

They  fulfil  the  conditions  imposed  by  the 
deacon,  at  least  so  nearly  so  that  they  will 
last  a  lifetime.  Anyway,  it  will  not  matter 
to  the  purchaser  whether  or  not  they  do,  for 
they  are  fully  guaranteed,  and  W.  C.  Toles 
&  Co.  will  make  good  any  defects  at  any 
time,  free  of  charge. 

If  you  are  interested  in  these  vises,  which 
yon  should  be  if  you  are  a  wood  worker,  you 


would  like  to  know  about  their  construction, 
and  the  following,  which,  although  it  may 
not  read  like  a  patent  specification,  is  just  as 
clear,  will  enlighten  you. 

The  screws  are  H  inches  in  diameter, 
having  square  double  threads,  i  inch  pitch. 
They  have  a  groove  their  entire  length  that 
fits  a  long,  sectional,  bronze  nut.  This  con- 
struction allows  an  instant  adjustment  from 
0  to  12  inches.  No  stronger  grip  can  be 
had  than  by  a  screw.  The  sides  are  i  inch 
diameter,  cold-rolled  steel,  and  will  stand 
the  full  pressure  of  the  screw.  The  jaws  are 
cast  iron,  strong,  and  heavily  ribbed.  They 
cannot  be  broken,  and  will  stand  the  hardest 
kind  of  use.  The  back  jaws  are  fastened  to 
the  bench  with  four  No.  20  wood  screws, 
making  a  solid  fastening.  The  front  jaws 
have  four  drUled  holes  for  fastening  on 
maple  facings,  if  desired. 

The  No.  20  is  their  standard  vise.  The 
No.  25  is  of  the  same  construction  with  the 
addition  of  a  bench  stop,  which  consists  of 
a  1-inch  square  brass  dog,  raised  by  steel 
springs  and  held  in  position  with  a  }-inch  set- 
screw.  The  No.  35  is  a  tail-vise,  and  is  far 
superior  to  any  wooden  vise.  The  No.  40  is 
a  valuable  tool,  combining  a  tail-vise,  a  bench 
stop,  and  a  head-vise.  By  means  of  a  dog  in 
the  front  jaw,  work  may  be  held  the  fidl 
width  of  the  bench. 

So  you  can  see  that  Toles  vises  are  well 
made — ^very  well  made — and  so  convenient 
that  every  one  that  has  used  them  is  satis- 
fied. One  man  refused  to  purchase  this  vise. 
He  said  he  had  100  vises  of  another  make 
in  his  shop,  and  if  he  bought  one  of  these 
there  would  be  only  one  contented  man  in 
the  shop — they  all  wanted  one. 

UNION-MADB  CLOTHING 

In  thssb  days  of  cheap  and  shoddy  goods 
it  is  refreshing  to  find  a  firm  that  has  built 
up  a  large  and  profitable  business  by 
methods  that  are  alike  just  to  the  consumer 
and  to  the  employes  engaged  in  the  manu- 
facture of  the  goods.  Such  is  the  business 
of  Hamilton  Carhartt  &  Co., of  Detroit,Mich., 
who  10  years  ago  determined  to  depart  from 
the  beaten  paths  of  the  sweat-shop  system, 
and  to  establish  a  factory  in  which  the 
employes  should  have  comfortable  surround- 
ings while  at  work  and  should  be  paid  a 
union  scale  of  wages.  That  this  commend- 
able policy  has  met  its  just  reward  is 
evidenced  by  the  fact  that  the  union-made 
goods  of  Hamilton  Carhartt  <&  Co.  are  known 
over  the  entire  country,  and  their  qualities 
are  such  that  they  are  always  preferred  to 
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the  cheap  and  shoddy  goods  manafactured 
in  the  sweat  shops;  and  also  by  the  fact  that 
Union  No.  74,  United  Garment  Workers  of 
America,  which  is  composed  almost  entirely 
of  employes  of  Hamilton  Carhartt  &  Oo.,haye 
never  had  a  difference  with  the  firm;  on  the 
contrary,  the  relations  between  them  have 
always  been  of  the  most  pleasant  character. 
The  advertisement  of  this  firm  appears  in 
onr  advertising  pages. 

BOOK  NOTICB8 


MoDBBN  Elbctroplatino.  B^  J.  H.  Van 
Home;  189  pages,  27  iUostrations.  Pub- 
lished by  George  K.  Hazlitt  &  Ck>.,  Chicago. 

This  is  an  excellent  book  on  electroplating 
for  those  that  have  a  small  plating  outfit 
and  wish  practical  directions  for  handling  it 
so  as  to  secure  good  results.  It  is  intended, 
as  the  author  states  in  the  preface,  to  give 
assistance  to  those  that  have  not  had  previous 
training  in  a  plating  establishment  The 
book  gives  full  directions  for  preparing  the 
work,  doing  the  plating  and  polishing,  and 
finishing  the  work  after  it  has  been  plated. 
We  can  recommend  this  book  to  any  that 
wi^h  simple  directions  for  the  carrying  out 
of  various  kinds  of  electroplating  work. 

Electric  Wiring.  OecO  P.  Poole;  Power 
Publishing  Company,  New  York.  Price, 
91.00. 

This  is  one  of  the  best  handbooks  on  elec- 
tric wiring  that  we  have  seen  for  some  time. 
The  book  does  not  aim  to  deal  with  the 
practical  details  of  putting  up  wires,  as  it  is 
written  for  practical  men  who  are  supposed 
to  be  familiar  with  this  branch  of  their  busi- 
ness, but  who  wish  tables  and  formulas  put 
in  such  shape  that  they  will  help  them  in 
their  every-day  work.  The  subject  of  wiring 
for  alternating  currents  is  treated  simply  and 
clearly,  and  this  part  will  be  found  of  special 
value,  as  it  has  not  heretofore  been  treated 
on  to  any  extent  in  wiring  handbooks,  most 
of  which  are  a  compilation  of  material  from 
other  worke.  We  notice  that  the  author, 
throughout  the  work,  expresses  the  loss  in 
the  lines  as  a  percentage  of  the  power 
delivered  at  the  end  of  the  line.  In  most 
cases  it  has  been  customary  to  express  the 
loss  as  a  percentage  of  the  power  generated, 
which  appears  to  be  the  more  logical  way  of 
putting  it.  However,  the  first  method  seems 
to  be  coming  more  into  use,  because  it  is 
more  convenient  in  the  majority  of  cases, 
and  it  really  makes  very  little  difference  as 
to  which  method  is  used,  so  long  as  it  is 
definitely  understood.    We  notice  another 


statement  to  the  effect  that  aluminum  is 
coming  into  use  for  transmission  lines  on 
account  of  its  lightness.  Lightness  is  no 
doubt  desirable,  but  is  not  the  use  of 
aluminum  due  primarily  to  the  fact  that  for 
equal  conductivity  it  is  cheaper  than  copper? 
We  doubt  very  much  whether  aluminum 
would  have  displaced  copper  if  hghtnees 
were  its  only  recommendation,  although 
this,  indirectly,  has  a  bearing  on  its  cheap- 
ness as  compared  with  copper.  The  book 
contains  100  pages,  and  is  bound  in  leather 
in  convenient  shape  for  the  pocket 

Condensers.  A  series  of  lectures  and  arti- 
cles on  the  subject,  reprinted  from  the 
columns  of  "Power."  The  Power  Publish- 
ing Company,  New  York.  Flexible,  doth; 
price,  50  cents. 

This  is  a  neat  pamphlet  of  79  pages,  in 
which  the  subject  of  condensers  is  treated 
in  an  unusually  thorough  manner.  The 
lectures  and  articles  of  which  it  is  made  up 
were  prepared  for  the  practical  steam  engi- 
neer; consequently,  the  subject  is  presented 
in  a  form  that  all  can  understand.  It  is 
introduced  by  an  outline  of  the  principles  on 
which  the  action  of  the  condenser  is  based; 
these  principles  are  carefuUy  explained  and 
their  application  fully  illustrated. 

Following  this  introductory  matter  is  a 
discussion  on  the  gain  in  power  and  efficiency 
that  may  be  obtained  with  a  condenser,  and 
of  the  conditions  under  which  condensers 
can  be  profitably  used.  The  various  types 
are  described,  and  practical  suggestions  and 
directions  for  their  installation  and  opera- 
tion, together  with  a  discussion  of  their 
relative  advantages  for  different  conditions 
of  service,  are  given.  Rales,  tables,  and 
formulas  for  calculating  the  capacity  of  con- 
densers, the  quantity  of  condensing  water 
required,  and  the  principal  dimensions  of  all 
parts  of  a  condensing  plant  to  meet  the 
demands  of  a  given  steam  plant,  complete 
the  work. 

The  simple  manner  in  which  the  principles 
are  explained  and  illustrated,  combined  with 
the  practical  instructions  and  suggestions, 
will  make  this  a  particularly  interesting  and 
useful  work  for  the  student  and  running 
steam  engineer;  to  the  designer  of  steam 
plants  and  machinery  and  the  engineer  in 
charge  of  their  installation,  the  sections 
relating  to  the  capacity  and  dimensions  of 
condensing  machinery,  the  practical  hints 
r^;arding  the  best  types  for  different  pur- 
poses, and  the  methods  of  installation  that 
will  secure  successful  service  will  be  of  great 
practical  value. 
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Som,— Address  all  letters  containing  questions  to  be 
ansiaered  in  this  department  to  Science  and  Industry, 
Seranton,  Pa. 

1.  Put  this  address  both  on  the  envelope  and  at  the 
head  qf  the  letter. 

f .  Only  questions  qf  general  interest  to  our  readers 
wOl  be  answered, 

5.    No  questions  will  be  ansutered  by  mail. 

U,  Drawings  or  sketches  accompanying  questions  should 
be  made  on  a  separate  sheet  qf  paper,  and  should  be 
drawn  as  dearly  as  possible. 

5.  The  names  and  addresses  qf  the  wrilers  must 
accompany  the  letters,  or  no  attention  wHl  be  paid  to 
them.  Unless  otherwise  requested,  we  wiU  publish  only 
the  initials  and  address  qf  the  writer. 

6.  Btferenee  to  inquiries  previously  answered  should 
give  date  qf  issue  and  number  qf  question. 

7.  Questions  cannot  be  answered  in  the  issue  qf  the 
month  inmediately  following  their  receipt. 

8.  Any  book  not  out  qf  print  and  for  sale  by  regular 
dealers  may  be  ordered  through  the  magazine. 

9.  We  will  not  undertake  to  calculate  ^iHndings  qf 
dynamos  and  motors,  as  this  imndves  considerable  work 
and  is  seldom  justified. 

In  Answen  to  Inquirlei,  No.  106,  March,  1900,  a 
reqoett  waa  made  that  tome  of  oar  readen  glye 
their  Tlews  as  to  the  trouble  with  the  meter  referred 
to.  A  number  of  suggestions  have  been  received  In 
response,  bat  since  some  of  these  are  repetitions,  and 
as  space  will  not  permit  of  all  being  published,  we 
glTC  those  that  will  serve  to  Indicate  the  ground 
covered  In  these  replies. 

**The  meter  may  have  reached  Its  limit,  which  Is 
99,900  cu.  ft.,  and  returned  to  start  again  at  sero.  In 
this  case  the  bill  would  be  for  82,800  cu.  ft.  per 
month,  which,  with  natural  gas  used  for  cooking 
and  heating  purposes,  would  not  be  an  excessive 
amount.  Perhaps  the  meter  Is  constructed  without 
a  *  dog,'  and  has  been  carelessly  set,  and  is  running 
backwards.  In  such  a  case  the  bill  would  be  the 
dUteence  in  readings,  which  is  17,200  cu.  ft.  In 
either  case  the  consumer  should  be  willing  to  pay 
for  the  gas  as  indlcated.'*-J.  M.  W.,  Detroit,  Mich. 

**  When  the  meter  was  put  in  it  read  29,700  cu.  ft. 
This  continued  to  Increase  until  It  amounted  to 
100,000  cu.  ft.;  then  it  began  again  at  0  and  went 
to  125,000  en.  ft.  This  makes  a  movement  of  82,800 
en.  ft.,  which,  apparently,  is  the  amount  of  gas 
indicated.  If,  however,  the  meter  has  been  put  in 
backwards  (the  service  pipe  on  the  right  instead  of 
the  left)  and  the  check-valve  does  not  operate,  or 
leaks,  or  the  clockwork  at  the  hands  is  connected 
up  backwards,  then  the  meter  is  mnniog  backwards. 
This  is  not  likely,  but  if  it  is  the  case,  the  amount  of 
gas  consumed  will  be  equal  to  the  dllTerence  between 
29.700  CU.  ft.  and  126,000  cu.  ft,  or  17,200  cu.  ft.  If  Mr. 
A.  E.  will  look  careftilly  at  the  two-foot  hand  of  his 
meter  for  a  few  minutes  while  the  gas  is  burning,  he 
can  tell  in  which  direction  the  meter  is  running.  If 
the  two-foot  hand  is  moving  in  the  negative  direction 
(opposite  to  the  hands  of  a  clock),  his  meter  is 
running  as  it  should;  but  if  it  moves  in  the  opposite 
direction,  his  meter  is  running  backwards.  In  reply 
to  his  second  question,  I  would  say  that  I  do  not 
think  a  gas  company  ever  \oam.'*—G.  R.  C,  Sesttle, 
Wash. 


*'  Mr.  A.  E.,  of  fiaffalo,  may  find  that  his  meter  has 
been  connected  wrong.  He  should  see  if  the  Inlet 
pipe  has  been  connected  to  the  outlet  of  the  meter, 
which  would  at  once  explain  the  matter.  I  do  not 
think  the  laws  are  as  strict  in  this  part  of  the  world 
as  they  ought  to  be  in  regard  to  gas  meters.  In 
England  all  gas  meters  have  to  be  sent  to  the 
inspection  office  (there  is  one  in  every  large  town), 
where  the  government  inspectors  test  them,  and,  if 
correct,  they  are  sealed  with  the  official  seal,  which 
is  put  on  them  in  such  a  way  that  the  meters  cannot 
be  altered  without  breaking  the  seals.  I  have 
examined  meters  that  have  been  used  for  years,  and 
had  come  in  for  repairs,  and  have  found  them  as 
much  as  80^  fost.  I  do  not  remember  finding  any 
slow  ones  among  the  old-timers,  and  can  only  think 
that  those  that  did  not  make  bills  large  enough 
were  taken  out  and  altered  as  soon  as  found." 
— G.  H.  N.,  Poughkeepsie,  N.  Y. 

"  A  meter  will  not  ran  backwards.    Your  reading 

must  be  incorrect,  for  82,800  cu.   ft.   of  gas  will 

scarcely  pass  through  a  three-dial  meter  in  a  month 

of  continuous  use.   If  that  reading  is  correct,  yoa  will 

probably  pay  the  bill."-M.  A.,  Brooklyn,  N.  Y. 

« 
*  * 

(191 )  The  accompanying  sketch  shows  an  electro- 
magnet designed  to  lift  lathe  turnings  ftom  pits 
under  lathes  to  scrap 
cars.  The  solid  lines  of 
Figs.  1  and  2  represent 
orQrixukl  design.  The 
core  il  Is  of  cast  Iron, 
In  one  piece.  A  recess 
Is  turned  for  receiving 
the  coil  B,  which  is 
held  in  place  by  means 
of  a  brass  plate  e.  The 
ooil  contains  860  turns 
of  wire  about  i  in. 
diameter  over  insula- 
tion. This  magnet  lifts 
a  solid  cast-iron  cylin- 
der 22  in.  diameter  and 
weighing  about  8,000 
lb.;  but  it  will  not  lift 
more  than  75  or  100  lb. 
of  turnings.  Thinking 
that  perhaps  more 
polar  surface  might 
improve  it,  a  cast-iron 
ring  or  flange  h  waff 
attached  to  the  original 
core,  as  shown  by  the 
broken  lines.  This  did 
not  Improve  the  plck- 
Ing-up  capacity,  and 
the  cast-iron  pinsi, 
eight  in  number,  were 
tapped  in,  but  with  no 
better  results.  Can 
you  suggest  any  im- 
provement by  which  it  would  be  possible  to  lift, 
say,  500  to  1,000  lb.  of  ncrap  turningsT 

P    C    R.,  Philadelphia,  Pa. 

Ans.— This  Is  a  point  of  which  it  is  difficult  to  make 
any  definite  statement,  but  it  might  help  matters  to 
leave  off  the  ring  A  and  add  two  polar  projections 
to  the  magnet.  The  outer  one  /  may  be  in  the  form 
of  a  ring  bolted  to  the  pole  face;  the  inner  one  might 
be  of  the  form  shown.  The  outer  ring  should  have 
about  the  same  area  s  on  its  inside  face  as  the  outer 
area  t  of  the  center  pole  piece.  By  using  an  arrange- 
ment of  this  kind  it  U  thought  that  the  filings  will 
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be  held  in  the  annuUr  8p«oe  between  the  poles. 
Extending  the  polar  area  by  means  of  ring  h  la  not 
likely  to  Increase  the  capacity,  because  it  decreases 
the  magnetic  density  so  much  that  the  lifting  power 
is  reduced. 

•♦• 

(192)  The  water  in  a  cistern  is  stained  dark  firom 
the  red-cedar  shineles  on  the  roof.  How  can  I  stop 
this  trouble  ?  Can  I  do  so  by  coating  the  roof  with  ou 
or  paint?  J.  C,  Phllipeburg,  Ont. 

Alls.— There  is  no  remedy  that  we  know  of  to 
prevent  the  discoloration  of  the  cistern  water  caused 
by  the  red-cedar  shingles.  The  water  is  not  made 
unhealthy  thereby,  but  will  very  likely  continue  to 
be  discolored  until  the  shingles  have  been  exposed 
to  the  weather  for  a  considerable  time,  in  our 
opinion  it  would  be  better  not  to  oil  or  paint  the  roof, 
as  we  do  not  think  it  will  stop  the  trouble  altogether. 


(198)  Please  give  a  formula  for  determining  the 
asimuth  of  Polaris  at  any  time  when  the  latitude, 
polar  distance,  and  the  hour  angle  are  known. 

H.  A.  F..  Mont  Alto,  Pa. 
Ans.— Let  S  in  the  accompanying  figure  represent 
Polaris,  P  the  celestial  pole,  p 
the  polar  distance  (=90°  — 
declination ),  h  the  hour  angle, 
a  the  altitude,  and  Z  the  ob- 
server's zenith.  For  the  pur- 
pose of  determining  the  azi- 
muth no  sensible  error  is  com- 
mitted by  considering  the 
orbit  of  Polaris  as  plane  ctr- 
cnlar.  We  have,  then,  the 
distance  of  the  star  from  the 
meridian  Z  P,  or  x  =  p  sin  A. 
Butz:  (18i^  — az.)  =  cosa  :1. 
Hence,  180P  —  as.  =  x  sec  a. 
in  the  latter  formula  the  alti- 
tude may  be  subNtituted  by 
the  latitude.  Whence,  V&OR 
—  az.  s  p  sin  A  sec  lat. 


(194)    (a)  Why  are  manhole 
and   handnole  o 


1S01.4X 


_  covers  made 
oval  instead  of  round?  ib) 
How  would  you  determine  the 
size  of  injector  required  for  a 

fiven  boiler?     (e)  What  are 
he    ingredients  of  a  good 
boiler  compound? 

W.  L.  8.,  St.  Louis,  Mo. 
Aire.- (a)  When  the  Joints 
of  the  manhole  and  handhole 
are  made  on  the  inside  of  the 
boiler  (or  other  vessel),  a 
flange  must  be  provided  on 
cover,  thus  making  the  over- 
all dimensions  of  the  latter  larger  than  the  hole 
in  the  boiler.  Hence,  in  order  to  put  the  cover 
in,  we  have  to  make  it  oval,  (b)  Send  the  fol- 
lowing data  to  a  good  injector  manufacturing 
company,  and  they  will  supply  you  with  a  suit- 
able injector.  Tell  them  (1)  the  amount  of  feed- 
water  to  be  injected  per  hour;  (2)  the  steam  pressure 
carried;  (8)  the  height  of  Uft;  and  (4)  the  tem- 
perature of  the  feedwater.  If  you  have  an  unusual 
length  of  suction  pipe,  or  if  you  feed  through  a 
heater,  state  the  facts.  You  can  obtain  your  water 
consumption  per  hour  fh>m  an  indicator  card,  allow- 
ing a  liberal  percentage  for  various  losses,  and  drains, 
if  any,  on  the  steam  supply— other  than  what  reaches 
the  cylinder;  or,  if  you  know  the  horsepower  of  the 
boiler,  allow  hsJf  a  cubic  foot  per  horsepower,  say 
82  lb.,  providing  also  for  losses,  as  above  mentioned, 
(e)  Speaking  generally,  soda  is,  we  believe,  the  base 


of  all  such  compounds,  although  they  are  colored  and 
doctored  to  give  variety  and  to  make  them  appear 
different  from  their  rivals.  Exercise  care  in  using 
these  compounds.  You  might  communicate  with 
the  Dearborn  Drug  and  Chemical  Co.,  Rlalto  Bldg., 
Chicago,  111.  They  make  a  special  business  of  treat- 
ing feed  waters,  on  a  rational  plan. 


(195)  (a)  Can  you  recommend  a  good  book  or 
magazine  that  treats  on  the  operation  of  envelope 
machines?  {b)  What  i^  paper  made  of,  and  what  is 
the  process  of  manufacture? 

P.  J.,  Hartford,  Conn. 

Amb.— (a)  We  know  of  no  such  publication.  The 
United  States  Envelope  Co.,  Springfield,  Mass.,  who 
controls  all  patents  on  these  machines,  can  give  you 
all  information  concerning  them,  (b)  It  would  take 
more  space  than  we  can  afford  in  these  columns  to 
give  an  adequate  idea  of  the  materials  and  processes 
of  paper  making.  We  can  state,  in  a  general  way, 
however,  that  almost  all  paper,  with  the  exception 
of  the  highest  grades  of  writing  paper,  is  made  from 
wood. 


(196)  Is  there  any  book  giving  dimensions  required 
for  induction  coils?  If  not,  please  give  following  for 
a  ooil  giving  a  15^'  spark:  (I)  core  dimensions;  (2) 
size  and  quantity  of  primary  and  secondary  wire; 
(8)  size  and  number  ox  sheets  for  the  condenser. 

F.  L.,  Montreal,  Can. 
Ans.- There  is  a  book  entitled  "Induction  Coils,*' 
by  Bonney,  that  will  probably  contain  the  informa- 
tion you  need.  For  ordinary  X-ray  work  you  would 
hardly  need  a  coil  giving  a  spark  as  long  as  16  in. 
Such  a  coil  would  be  large  and  expensive,  and  a  6^' 
or  8"  coil  should  answer.  The  price  of  the  aoove 
book  is  $1.00.  It  can  be  procured  fh>m  The  Technical 
Supply  Co.,  Scranton,  Pa. 

•*• 

(197)  (a)  Does  water  always  boil  when  a  tempera- 
ture of  212^  F.  is  attained,  or  does  the  boiling  ^int 
depend  on  the  nature  of  the  water?  (b)  When 
raising  steam  in  a  boiler,  does  it  not  have  to  get  to 
14.7  lb.  per  sq.  in.  before  any  pressure  begins  to  »how 
on  the  gauge?  F.  A.  W.,  Poland,  La. 

Ans.— (a)  Pure  water  boils  at  212^  F.  with  a  barom- 
eter reading  of  80  in.,  or,  say  14.7  lb.  per  square  inch. 
Many  things  afltet  the  boiling  point  of  water:  (1)  If 
the  water  is  entirely  free  of  air,  it  may  be  raised  to 
260°  or  more  before  boiling  takes  place.  (2)  If  the 
water  is  greasy  or  salty,  its  boiling  point  will  be 
higher.  (3)  If  the  pressure  on  the  water  is  increased, 
the  boiling  point  will  be  raised;  if  decreased,  the 
boiling  point  will  be  lowered.  Thus,  a  greater  tem- 
perature will  be  attained  in  a  mine  before  boiling 
begins  than  on  the  ground  at  sea  level;  and  a  lower 
temperature  will  be  required  on  top  of  a  mountain 
than  in  a  valley,  (b)  Yes;  when  the  tension  of 
the  vapor  exceeds  14.7  lb.  absolute,  the  index  of  the 
gauge  begins  to  move.  When  the  pressure  in  the 
boiler  is  only  the  same  as  that  of  the  atmoephere, 
the  gauge  registers  0.  When  the  gauge  reglstov,  say, 
10  lb.,  the  actual  pressure  on  the  inside  of  the  boiler 
is  10  +  14.7  =»  24.7  lb.,  but  the  elective  pressure  fbr 
actuating  the  pistons  is  only  the  excess  above  atmos- 
pheric pressure,  so  the  gauge  is  set  to  show  only  this 
amount,  10  lb.  In  this  instance. 

.*. 

(196)  Please  tell  me  how  to  splice  a  steel-wire 
rope  1  in.  in  diameter,  so  it  will  run  through  a  block, 
and  also  the  kind  of  tools  required. 

E.  B  C,  Lincoln,  Me. 

Am.— An  excellent  article  on  how  to  splice  a 
wire  rope  in  fh>m  20  to  80  minutes  was  published  in 
the  B£ay,  1899,  number  of  "The  Mechanics  Arts 
Magazine."  It  gives  instruetions  in  details  and  also 
information  as  to  the  tools  required. 
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( 199)  ExfkUin  the  method  of  determining  the  wind 
pmnire  on  a  roof  perpendicular  to  the  uop^  asa- 
mlng  that  the  wind  prodocet  a  prewnre  of  40  lb.  per 
■q.  ft  when  blowing  againflt  a  rertical  plane.  Solve 
by  trigonometry  if  poeiible.     N.  A.  L.,  Pulton,  Mo. 

Ana.— The  prcHore  created  normal  or  perpendlo- 
olar  to  the  roof  ilope  by  the  wind  acting  in  a  hori- 
aontal  plane,  is  caloolated  by  the  formula  I*  ^  P 
gin  <i.M— <-i.  Thla  is  caUed  Button's  formula,  and 
the  Yalues  are  as  follows:  P^  =  pressure  normal  to 
the  roof  slope;  P  >»  borisontal  pressure  of  the  wind; 
/  —  the  Internal  angle  of  the  roof  slope  with  the 
horisontal.  Assume  a  roof  slope  of  30^  and  the 
usual  horizontal  wind  pressure  of  40  lb.  per  sq.  ft. 
The  formula  P*  =  P  sin  <i^«»*--i  becomes,  on 
substitution,  i*  =  40  sin  80°i««o«»»~i,  and  since 
sin  80O  =  .5000  and  the  cos  30°  =  .8660.  by  fbrther  sub- 
stitution, the  formula  is  i"  »=  40 X  .SOOO^m  x  .uno-i, 
or  pi  —  40  X  .6000-MM4.  Referring  to  logarithmic 
tables,  the  calculation  for  this  last  expression  is  as 
fbUows:  {Log  .6000  =  T. 09897.  and  1.09697  X  69844 
=  —.17866.    Then 

log  40  =  1.60a06 
-  .17866 


1.42841 


The  number  corresponding  to  this  logarithm  is 
28.6.  or  P*  the  pressure  in  lb.  per  sq.  ft  normal  to  the 
dope  of  the  roof. 

••• 

(200)  What  is  the  method  of  abstracting  aluminum 
from  soapstone  and  fh>m  day  ? 

T.  B.  Z.,  De  Sota,  lU. 

Aw.— Aluminum  is  obtained  by  an  electrolytlcal 
process,  the  exact  nature  of  which  is  kept  a  secret  by 
the  manufacturers. 


'201)  It  has  been  stated  that  the  top  of  a  wheel 
moves  fkster  than  the  bottom.  If  this  Is  so,  what  is 
the  explanation  of  it  7   H.  H.  8.,  Manchester,  Oonn. 

Am.— Suppose  a  Tertical  wheel  to  be  rcTolylng 
tHrm  left  to  right  about  a  fixed  horisontal  axle  O, 
Fig.  1,  with  the  circumferential  Telocity  v.  Then  the 
center  O  is  at  rest,  and  the  highest  and  lowest 
points  H  and  L  have  the  same  Telocity  v,  but  in 
opposite  dlreetions,  as  shown  in  the  figure.  Suppose, 
now,  that  while  the  wheel  is  thus  rotating,  the  axle 
Is  moTed  horisontally  toward  the  right,  with  the 
Telodty  V,  as  shown  in  Fig.  2.  Then  erery  point  on 
the  drenmference  of  the  wheel  will  be  moving  with 
two  velocities,  namely,  a  horisontal  velocity  toward 
the  right  equal  to  the  velocity  with  which  the  wheel 
as  a  whole  (that  is,  the  axle)  is  moving,  and  a  tan- 
gential velocity  equal  to  the  velocity  of  rotation  of 
the  wheel.  Both  of  these  velocities  are  equal  to  v,  but 
the  direction  of  the  tangential  velocity  at  any  point 
depends  on  the  position  of  the  point,  the  direction  of 
the  latter  velocity  being  the  same  as  the  direction 
of  the  tangent  to  the  wheel  at  the  point  in  question. 


The  tangential  velocity  of  the  highest  point  H  is 
horizontal  and  equal  to  v,  and  this  velocity,  added 
to  the  velocity  that  H  has  in  common  with  the 
whole  wheel  (since  both  velocities  have  the  same 
direction),  gives  2r  as  the  velocity  of  the  highest 


point  The  lowest  point  has  also  a  tangential 
velocity  equal  to  v,  but  directed  toward  the  left; 
so  that  the  total  velocity  of  Z  Is  the  dURsrence 
between  the  velocity  It  has  in  common  with  the 
whole  wheel  and  its  tangential  velocity;  that  is, 
V  —  V,  or  sero.  The  lowest  point  of  the  wheel  has, 
therefore,  no  velocity.  The  same  conclusions  apply 
to  a  wheel  rolling  on  the  ground,  which  Is  in  the 
same  condition  as  If  its  axle  were  being  moved 
horizontally  at  the  same  time  that  the  wheel 
revolved  with  the  same  velocity. 


(202)    Show  how  to  determine  independently  the 
areas  of  the  two  shaded  segments  in  the  aocompanv- 
Ing  sketch.    How  is  the  central  angle  A  OB  found f 
E.  C,  wUmington,  DeL 

AN8.-We  have  cos   ^OC  =  ^^  =  —-^^ 
30-17       18 


80 


30' 


Using  trigonometrical  tables,  we  get 


i4 OC  =  64«  ly  14.6".    Hence,  AOB  =  128°  38'  29". 


The  area  of  the  sector  AOB  =^  (area  of  circle)  x 
^^3«^^"  -  OA*  X  (1.1226079).  Area  of  triangle 
i4  0J3=  iO^> sin  ^01?  -  0^>X. 8906346.  Subtrac- 
ting the  triangle  A  OS  from  the  sector  il  0£,  we  get 
the  area  of  the  segment  ACS  =  0^> (1.1220079  — 
.8906316)  =  OA^  X  (.7820734)  =  668.86606  sq.  in.  In 
like  manner,  the  area  of  the  small  segment  is  found 
to  be  41.10872  sq.  in. 


(208)  (a)  Why  does  rifling  increase  the  efiidency 
of  a  gun  t  (b)  Are  the  10-,  12-,  and  18-inch  guns  of 
the  navy  rifled?  (c)  Give  approximate  weights  and 
lengths  of  projectiles  for  the  above  guns. 

H.  M.  H.,  Keller,  W.  Va. 
Anb.— (a,  6,  and  e)    For  fhll  information  on  this 
subject  address  the  general  manager  of  the  Hotch- 
kiss  Ordnance  Co.,  1508  Pennsylvania  Ave.,  Wach- 
ington,  D.  C. 

« 
«  * 

(204)  (a)  What  force  per  ton  would  it  take  to  over- 
come the  resistance  of  a  l.l^i  grade,  there  being  a 
24°  curve  on  this  grade,  beginning  at  a  point  264  ft. 
flrom  foot  of  grade?  (6)  What  power  would  be 
required  to  work  this  curve  and  grade  at  a  speed  of 
10  miles  per  hour?  (c)  What  is  the  tractive  force  of 
a  locomotive  having  18"  x  24"  cylinders,  140  lb.  steam 
pressure,  and  61"  drivers? 

A.  M.  B.,  Fort  William,  Out 

Ans.— (a)  The  resistance  per  ton  doe  to  any  grade 
is  .88  N,  where  N\b  the  number  of  feet  per  mile  rise. 
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hi 
100 


X  5,280  =  58.08,  and  J»  of  this  la 


22.07  lb.  The  restitance  of  the  carve  may  be  taken 
as  .7  lb.  per  ton  for  every  degree  of  corvatore. 
Therefore,  the  reiistanee  per  ton  ii  2.5  X  .7  =  1.76. 
The  total  resistance  is  therefore  22.07  +  L.75  =  28.82 
lb.  per  ton.  The  fkct  of  the  cnrve  being  some  dis- 
tance firom  the  foot  of  grade  does  not  affect  the  resist- 
ance. (6)  Add  4|  lb.  per  ton  to  the  above  resistances. 
Knowing  then  that  the  resistance  of  your  train  is 
28.82  +  4.5  s  28.32  lb.  per  ton,  and  given  the  speed 
and  weight  of  train,  you  can  determine  the  horse- 
power required,  (e)  At  40  miles  an  hour,  we  may 
regard  the  mean  effective  pressure  as  being  about 
80  lb.  The  tractive  force  will  be  about  10,200  lb. 
« 
*  * 

(205)  Kindly  explain  a  lead-burning  machine 
and  explain  how  it  operates;  also  the  process  of 
lead  burning.    State  woat  flux  is  used,  if  any. 

J.  C.  Newport  News,  Va. 

ANS.— A  lead-burning  machine  of  the  generally 
accepted  form  is  composed  of  a  hydrogen-gas  gen- 


erator, an  air  tank,  and  an  air  pump.  The  gener- 
ator is  divided  into  two  compartments,  the  upper 
one  being  open  at  the  top  and  the  lower  one  closed 
air-tfght.  They  are  Joined  together  by  a  lead  pipe 
extending  nearly  to  the  bottom  of  the  lower  cham- 
ber. The  lower  chamber  is  ftimished  with  a  per- 
forated shelf  about  2  in.  fh>m  the  actual  bottom. 
Oommercial  sine  is  laid  on  this  shelf  through  a 
screw-cap  opening  shown  on  top.  About  3  oz.  of  sine 
will  ftimish  1  CO.  ft.  of  gas.  The  charge  of  sine 
should  be  about  20  to  25  lb.  for  a  machine  that  is 
intended  to  run  all  day.  A  mixture  of  5  parts  of 
water  to  1  part,  by  volume,  of  commercial  sulphuric 
acid,  is  poured  into  the  upper  chamber.  This  flows 
into  the  lower  chamber,  where  it  rises  until  it  acts 
on  the  zinc,  when  hydrogen  gas  is  liberated  and 
a  pressure  is  formed  in  the  lower  chamber  that 
forces  the  liquid  back  into  the  upper  chamber. 
The  column  of  liquid  in  the  connecting  lead  pipe 
forms  the  desired  pressure  in  the  gas  chamber.  Gas 
Is  conveyed  to  a  breeches  pipe  through  a  rubber 
tube,  and  air  firom  the  air  holder  that  is  loaded  with 
weights  to  give  the  desired  pressure  is  conveyed  by 
another  tube  to  the  same  breeches  pipe.  Two  stop- 
cocks on  the  breeches  pipe  are  used  to  regulate  the 
flow  of  air  and  gas  into  the  mixing  tube,  which  is 
generally  held  in  the  hand,  so  that  the  proportions 
of  gas  and  air  will  be  Just  right  for  a  lead-burning 
flame.  The  process  of  burning  is  as  follows:  First, 
thoroughly  clean  the  edges  of  the  lead  to  be  Joined; 
adjust  the  blowpipe  flame  so  that  it  will  be  about 
4  in.  long,  needle-pointed,  and  burning  silently. 
Apply  the  flame  so  that  the  inner  cone  will  toaoh 


the  surfiuM  of  the  lead.  The  Intense  heat  will  melt 
the  lead  and  cause  the  edges  to  flow  together.  The 
flux  commonly  need  for  this  work  is  known  as 
Yaeger's  salts.  Expert  lead  burners,  however,  oper- 
ate without  a  flux  when  they  use  a  hydrogen  flame. 
The  flux  is  generally  used  when  an  ordinary  air  and 
gas  flame  is  employed.  The  illustration  shows  a 
good  example  for  practioe  in  lead  burning.  Two 
pieces  of  sheet  lead  are  prepared  by  planing  the 
edges  to  be  Joined  straight  and  square,  and  shaving 
the  top  surfisces  clean  about  i  in.  wide  on  each  side 
of  the  butt  Joint;  then  the  edges  are  batted  together, 
and  the  sheets  are  firmly  secured  to  a  board.  The 
flame  is  then  applied,  as  shown,  and  it  is  fed  fh>m  a 
lead  stick  held  In  the  operator's  left  hand.  This 
stick  is  about  i  in.  or  more  thick,  triangular  in 
section,  and  shaved  dean.  With  the  point  of  the 
inner  flame  a  few  drops  of  lead  are  melted  off  the 
stick  and  allowed  to  fkll  squarely  on  the  seam. 
The  flame  should  instantly  follow  these  drops  and 
ftLse  them  to  the  sheet  lead.  A  section  through 
seam,  when  burned,  is  shown  at  b.  It  requires  con- 
siderable practice  to  do  this  kind  of 
work.  Repeated  failures  may  be  ex- 
pected at  flrst. 

« 
«  » 
(206)    Please  tell  me  where  I  can  obtain 
infbrmatlon  relating  to  the  use  of  petro- 
leum, keroeene,  gasoline,  or  illuminating 
gas  in  the  veneration  of  steam. 

R.  McK.  A.,  Blnghamton,  N.  Y. 
Ans.— Considerable  informati<m  regard- 
ing these  ftels  and  their  use  in  steam 
generation  can   be   obtained  tmm  the 
following:     **Heat  and  Heat  Engines," 
by    F.    R.  Hutten,    price  15;     "Kent's 
Mechanical  Engineer's  Focketbook," 
price  15;    and    "The   Calorific   Power 
of  Fuels,"  by  Herman  Poole,  price  18. 
Any  of  these  books  may  be  obtained 
fh>m  The  Technical  Supply  Co.,  Scran- 
ton,  Pa.    The  following  concerns  manu- 
facture apparatus   for  burning  oil: 
W.  8.  Rockwell  <Sc  Co.,  Havemeyer  Building,  New 
York;  W.  J.  Browne,  623  Drexel  Building,  Phila- 
delphia, Pa. 

•*• 

(207)  (a)  How  much  and  what  size  of  wire  must 
be  put  on  the  fields  of  a  shunt>wound  dynamo  that 
has  as  a  series  machine,  8  lb.  of  No.  18  D.  C.  C.  on  the 
fields  and  1  lb.  No.  22  D.  C.  C.  on  the  armature?  The 
machine  is  to  give  a  current  of  4^  amperes  at  a 

Sressure  of  20  volts.  Please  give  size  in 
;.  W.  G.  (5)  Please  tell  me  how  to  make 
an  electric  fiise  to  explode  gunpowder. 
Current  to  be  used  is  24  amperes,  pressure 
4  volts.  L.  a,  Dorchester,  Mass. 

Am.— <a)  The  weight  of  wire  oh  the  field 
should  be  about  the  same  for  either  the 
shunt  or  series  winding,  though  with  the 
shunt  winding  the  Insulation  will  take 
up  a  greater  amount  of  space,  and  the 
weight  that  could  be  put  In  the  available 
space  would  probably  not  be  more  than  2| 
lb.  If  you  use  No.  24  B.  W.  G.,  this  wlU 
give  a  field  resistance  of  about  40  ohms  and 
a  shhnt  current  of  |  ampere,  which  is  about 
as  low  as  can  be  expected  in  a  machine  of 
this  size.  You  may  have  some  trouble 
making  such  a  small  shunt  machine  run 
properly  and  excite  its  own  field  magnets. 
(b)  You  can  make  a  simple  fiise,  as  shown 
in  the  figure.  Take  a  small  pieoe  of  hard  wood  « 
and  drill  two  holes  through  it  so  as  to  hold  th« 
insulated  lead  wires  snugly.  Across  the  ends  of  the 
wires  attach  a  small  piece  of  platinum  wire  5,  about 
No.  28  or  80  B.  A  S.    This  wire  may  be  fkstened  to 
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the  laad  wlret  by  twlstlDg  the  two  together,  but  a 
better  way  U  to  Aiee  the  copper  around  the  platinmn 
by  means  of  a  blowpipe. 


(308)  (a)  Fleaae  show  me  a  way  in  which  I  can 
make  a  miter  box  for  picture  flramlng.  (d)  What  is 
the  best  filter  for  a  residence?  The  filter  box  is  in 
the  gronnd  under  the  spout,  and  about «  ft.  fh>m  the 
top  of  the  dstem.  N.  H.  T.,  lima,  Ohio. 

Am.— (a)  The  miter  box  for  ordinary  work  should 
be  made  of  hard  wood,  about  18  in.  long,  4  in.  wide. 


a 


fff 


/  (f 


Pio.  1 

and  1|  in.  thick.  The  bottom  piece  a  in  Fig.  1  must 
be  pUned  perfectly  flat  and  hare  parallel  and  square 
edges.  The  sides  b  and  c  are  firmly  lecured  to  the 
bottom  piece  with  screws.  The  holes  for  these 
screws  should  be  bored  as  shown  at «,/,  g.  Fig  1.  The 
saw  cuts  are  laid  out  from  the  fkoed  edge  d,  and  are 
made  with  the  saw  that  is  to  be  used  in  the  box.  (») 
Fig.  2  shows  one  of  the  best  forms  of  filters  used  for 
filtering  rain  water  as  it  fiows  into  an  underground 
dstern.  The  body  of  the  filter  is  of  brick,  laid  in 
Portland  cement,  mixed  with  an  equal  Tolume  of 
dean,  sharp  sand,  and  it  is  dlyided  into  two  chambers 
by  means  of  a  partition  a  of  slate  or  flagstone.  The 
bottom  of  chamber  A  is  prorided  with  a  pocket  d  in 
which  sediment  may  gather  and  firom  which  it  may 
eaaUy  be  remored  by  a  common  garden  pump.  The 
chamber  B  is  fitted  with  a  perforated  bottom  b,  on 
which  is  placed  gravel 
and  clean  aand  of  differ* 
ent  grades.  Rain  water 
enters  chamber  A 
through  pipe  e  and  de- 
posits any  solids  that 
may  accompany  it  at  d. 
The  water  then  fiows 
upwards  through  the 
aand  beds,  where  it  parts 
with  Impurities.  Then 
it  fiows  through/  as  fil- 
tered water  into  the  ds- 
tem. An  oyerflow  pipe  e  should  discharge  above 
the  ground  at  some  oonyenient  point.  This  filter. 
It  will  be  seen,  is  quite  accessible  in  all  its  parts 
when  the  cover  is  removed.  This  is  an  important 
pdnt,  when  we  condder  that  filters  should  be  thor- 
oughly cleaned  periodically. 


•  * 


(2ro) 


Please  illustrate  the  use  of  anti-logarithms. 
8.  R.  K.,  New  York. 
Aug.— The  word  antl-loffarWun  is  used  in  two  senses: 
(1)  If  a  is  the  logarithm  of  b,  then  b  is  called  the 
anti-logarithm  of  a.  The  following  notation  is  used:  • 
a  «  log  b,  b  a-  log  —^  a.  If  you  are  familiar  with 
logarithms,  you  know  the  use  made  of  anti-logarithms 
in  this  sense  of  the  term.  Otherwise,  our  explanation 
would  be  unintelligiUe  to  you.  (2)  The  term  aiM- 
logarWaa  is  alio  used  (although  rarely)  in  the  sense 
oimiihmeUeal  eompUmen^  or  co4ogairitiim  ( written  "  co- 
log");  which  means  the  logarithm  of  the  redprocal 

of  a  number.   Thus,  co-log  a  »  log  -  =  —  logo.  Oo- 

d 

logarithms  (this  is  the  usual  name)  are  used  in  per- 

fbrmlng  dividons  by  logarithms,  on  the  principle 

that  iiueead  <^  nMraOfng  the  logariUun  of  a  number  we 

sMy  add  4is  eo-lofforUkm.   The  latter  is  obtained  by 


adding  1  to  the  characteristie  of  the  logarithm  and 
changing  its  dgn,  and  subtracting  every  figure  in  the 
mantisMt  from  9.  except  the  last,  which  is  subtracted 
from  10.    Suppose  that  we  wish  to  find  the  value  of 

-— ",  and  that  the  table  gives  log  a  -  1.R4768,  log 
nnp 

b  »  1.84788,  log  c  =-  .80091,  log  m  =  2.78967,  log  n  » 

2^99687,  log  p  =  3.11878.    Instead  of  adding  the  last 

three  logarithms  and  subtracting  the  result  from  the 

sum  of  the  first  three,  we  may  use  co-logarithms  and 

dispose  the  operations  thus: 

log  a  =  1.84768 

log  b  »  1.84788 

log  e  »    .80091 

oo-log  m  =  8.21088 

oo-log  n  -  1.00118 

co-log  p  =  4.88327 

,       abc 

The  corresponding  number  (which  is  more  properly 
called  the  anti-logarithm)  can  be  found  by  the  use  of 
a  table. 


(210)  In  the  February,  1900,  issue  of  SaxNCB  aud 
IKDUBTRY,  H.  D.  8.  asks  for  a  paint  for  gauges  that 
will  show  white  in  the  dark.  If  he  will  write  to 
Martinka  A  Co..  498  Sixth  Ave.,  New  York  City,  he 
can  otitain  a  punt  that  will  dve  a  phosphorescent 
glow  at  night.  By  painting  the  Ikce  of  the  gauge 
white,  and  the  figures  and  nands  black,  the  gauge 
readings  may  be  taken  very  wdl  at  short  didances. 
Will  you  kindly  inform  me  as  to  where  I  cfui  procure 
a  copy  of  the  underwriters'  rules  for  dectric  wiring, 
and  how  much  it  will  cod  T   A.  G.  K.,  Omaha.  Neb. 

AMB.—Write  to  the  National  Board  of  Fire  Under- 
writers, 167  La  Salle  St.,  Chicago,  HI.  We  believe 
these  rules  are  usually  ftimlshed  gratis. 


(2L1)  Will  you  kindly  ihnw  how  the  depth  of  an 
devator  air  cushion  can  be  calculated  so  that  it  will 
arrest  a  fklllng  car  without  injury  to  life?  The  car 
I  have  in  mind  weighs,  indudve  of  the  load.  4.000  lb. 
The  platform  is  5  ft.  x  6  ft.  The  drop  of  the  car  ii 
100  ft.  J.  A.  B.,'  Philadelphia,  Pa. 

Ams.— We  quote  the  following  from  a  letter  of 
advice  kindly  ftimished  us  by  an  authority  on  deva- 
tors,  to  whom  we  submitted  your  question:  "The 
depth  of  the  air  cushion  is  usually  made  i  of  the  drop, 
or  20  ft.  in  a  lOO' drop.  This  proportion,  as  will  follow 
from  calculation,  brings  about  6  times  the  wdght  of 
the  upper  part  of  the  human  body  on  the  spinal 
column  and  6  times  the  weight  of  the  body  on  the 
ankles,  or,  say,  200  lb.  on  the  column  and  800  lb.  on 
each  of  the  ankle  Jointa.  This  can  be  sustained  with- 
out injury."  Your  devator,  having  a  travel  of  100 
ft.,  would  then  require  a  depth  d  of  air  cushion  equal 
to  d  ==  1(100  +  d),  from  which  d  —  26  ft.  "  The  vent 
at  the  top  of  the  air  cushion  or  the  clearance  around 
the  bottom  of  the  car  must  be  calculated  to  be  of  such 
sise  as  to  make  the  pressure  of  efflux  the  same  as  ii 
needed  to  stop  the  car  Iklllng  from  a  height  of  100  ft. 
in  20  ft."  Your  car  weighing  4,000  lb.  would  have 
acquired  at  the  end  of  the  fall,  without  cushion,  an 
energy  equal  to  4,000  X 126  »  600,000  ft.-lb.  This  must 
be  taken  up  in  the  depth  of  the  dr  cushion  of  26  ft. 
Thus  the  work  of  the  redsting  air  pressure  P  under^ 
neath  the  car  bottom  must  be  equal  to  600,000  ft.-lb., 
orPX  26^600,000,  from  which  P-i20,000lb.,orwitha 
platform  of  6  ft.  X  6  ft. ,  6.66  lb.  per  iq.  in.  After  a  drop 
of  100  ft.,  the  car  with  load  will  strike  the  top  of  the  air 
cushion  with  a  speed  of  82  ft.  per  sec.,  or  4,920  ft.  per 
min.  "This  speed  is  so  great  that  scarcdy  any  air 
escapes  during  the  first  few  feet  of  the  depth  of  the 
air  cushion  until  the  presiure  (6.661b.)  for  which  the 
dearance  is  calculated  is  reached.  To  figure  the  vent 
or  clearance  at  the  top  of  the  cushion,  the  problem  is: 
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What  muBt  be  the  sixe  of  an  opening  or  port  to  let  the 
air  escape  under  a  preHure  of  5.56  lb.,  if  a  piston  of 
5^  X  5'  area  compresses  with  a  speed  of  82  ft.  per  sec.?" 
The  quantity  of  air  issuing  through  the  vent  per 
second  is  in  your  case  5  X  5  X  82  =  2,050  cu.  ft 
According  to  Peabody's  formula,  the  quantity  of  air 
(in  pounds)  issuing  firom  a  reservoir  per  second 
through  an  orifice  of  an  area  F  square  Inches  is 

6?  =  1.06  F^gt^ft~P«).  when  pi  <  2  p.,  in  which  pi 

is  the  absolute  pressure  in  the  reservoir;  that  is, 
14.72  +  5.5L  =  20.28  lb.  per  sq.  in.  in  the  present  case; 
Pa  the  absolute  pressure  on  the  outside,  that  is,  14.72 
lb.  per  sq.  in.;  and  T  the  absolute  temperature, 
which,  if  we  take  the  average  temperature  in  ele- 
vator shafts  to  be  60°  F.,  is  460  +  60  =  520.  Thus  we 
have,  since  the  weight  of  a  cubic  foot  of  air  is 

.081b.,  G  =  2,050  X  .08  =  1.06  j?  Jl^.72  (20.^  -  14.72) 

»  1.06  X  .89  /*.  1^  =  397  sq.  in.,  or  400  sq.  in.,  nearly. 
Your  sketch  gives  the  area  of  the  vent  as  496  sq.  in., 
which,  considering  that  the  outflow  of  air  will  not 
commence  before  the  car  has  descended  several  feet 
into  the  cushion,  seems  about  right.  Our  authority 
further  states:  "From  this  clearance  at  the  top 
between  the  car  and  sides  of  cushion  the  sides  taper 
down  to  a  close  fit  at  the  bottom  of  the  cushion.  If 
so  built,  the  car  will  stop  without  jar  or  shock,  and 
without  rebounding."  The  practical  efficiency  of  air 
cushions  has  been  repeatedly  demonstrated  by  tests. 
■» 
«  * 

(212)  What  is  the  meaning  of  C*R  losses  when 
used  in  regard  to  the  loss  of  energy  in  traction 
motors?  E.  H.  O.,  Philadelphia,  Pa. 

Anb.— When  a  current  of  electricity  is  sent  through 
a  wire  there  is  always  a  certain  amount  of  loss  due 
to  the  resistance  that  the  current  encounters  in 
passing  through  the  wire.  This  same  loss  occurs  in 
the  field  and  armature  windings  of  a  motor,  and  it 
always  reappears  in  the  form  of  heat.  If  12  is  the 
resistance  of  a  wire  in  ohms,  and  C  the  current  in 
amperes,  then  the  loss  is  C*B  watts;  hence,  thiis  loss 
is  fluently  called  the  C*Ji  loss,  to  distinguish  it 
fh>m  the  losses  in  the  armature  core,  fHctlon,  etc. 
For  example,  suppose  the  armature  of  a  motor  has  a 
resistance  of  .5  ohm,  and  that  the  current  flowing 
through  it  is  20  amperes;  then,  the  watts  lost  in  heat- 
ing the  conductors  will  be  C*R  ==  20  X  20  X  .5  =  200. 

•** 

(218)  (a)  Is  there  a  double-beat  safety  valve  in 
use?  (5)  If  so,  please  explain  its  construction,  and 
give  an  outline  of  its  advantages  and  disadvantages. 
A.  R.,  Glasgow,  Scotland. 

Ans.— (a)  We  have  never  known  of  the  use  of  a 
double-beat  valve  for  a  safety  valve,  (b)  The  only 
advantage  we  can  think  of  would  be  that  a  com- 
paratively small  pressure  would  be  required  to  hold 
the  valve  to  its  seat.  A  very  serious  disadvantage 
would  be  the  difficulty  in  preventing  leakage. 

••• 

(214)  I  am  employed  in  a  newspaper  office  and 
run  a  press  and  folding  machine.  Sometimes  we 
have  a  great  deal  of  trouble  with  the  electricity  in 
the  paper;  frequently  it  is  so  charged  that  it  is 
impMsible  to  feed  it  Into  the  folding  machine.  Can 
you  tell  me  the  cause  of  this  electricity,  and  how  to 
take  it  out?  O.  K.,  Stockton,  Cal. 

Am8.— The  electricity  is  probably  caused  by  friction 
on  the  paper,  or  by  electrostatic  induction.  If  you 
lay  a  few  sheets  of  calendered  paper  on  top  of  each 
other  and  rub  the  top  sheet  briskly  with  the  hand, 
the  next  sheet  will  be  pulled  up  with  the  top 
sheet  when  an  attempt  is  made  to  lift  it.  There 
has  been  a  great  deal  of  experimenting  done  to 
discover  some  means  of  overcoming  the  trouble  you 


speak  of,  but  we  do  not  know  of  any  method  that 
has  proved  generally  successful.  It  will  do  no 
harm  to  see  that  the  press  is  well  connected  to  the 
ground  by  running  a  copper  wire  from  the  fhune  to 
a  water  pipe,  but  this  will  not  likely  cure  the 
trouble.  Perhaps  some  of  our  readers  may  be  able 
to  suggest  a  remedy. 

«  * 
(215)    Please  solve  the  following  problems:   (a) 
What  is  the  length  of  the  longest  rectangular  plank 
8  ft.  wide  that  can  be  laid  upon  the  floor  of  a  room 


40  ft.  long  by  30  ft.  wide?  (5)  I  wish  to  survey  a 
race  track,  as  shown  in  Fig.  2,  so  that  each  of  the 
tangents  bp  and  ap  and  the  arc  aeb  shall  be  1,760  ft. 
long;  what  is  the  radius  o  5  of  the  circle? 

D.  K.,  Holdrege,  Neb. 
Ams.— From  the  similar  triangles  EA  D  and  FEE, 
we  have  y     80  — g  .-. 

x~40-y"  ^  ' 

From  the  right  triangle  EAD,we  have 

t^  +  l/^=j9.  (2) 

Eliminating  x  between  (1)  and  (2),  we  get 

4y*  -  160y»  +  2,464y«  +  720y  -  8,019  =  0.        (8) 
Solving  (8)  by  Homer's  method,  we  get  y  »  1.7542. 
Hence,  fh)m  (2),  we  get  z  »  2.4887.    Again,  fh>m 
the  similar  triangles  EAD  and  FBE,  we  have 

'  -  =  ^.  (4) 

Substituting  the  known  values  of  x  and  y  in  (4), 
we  get  2  =  47.145.  (5)  Let  y  be  the  circular  measure 
of  the  angled;  then,  5p  «  arcac5  <«  (circumfer- 

6P 


ence  — arc  axb)  ==  2o6(v  — y). 
2o5(»-y) 


And  tan  y  = 


Ob 


=  2(»  —  y).    The  equation  tan  y  = 

2(v  —  y)  determines  the  angle  y,  or  A;  this  equation 
can  only  be  solved  by  trial.   As  the  angle  y  increases 

flrom  0  to  |,  tan  y  increases  fh>m  0  to  infinity;  and 

2(ir  —  y)  decreases  flrom  2v  to  v,  or  fh>m  6.28818  to 
3.14159.    Hence,  tan  y  must  lie  between  6.28818  and 

8.14159.  From  a 
table  of  natural 
tangents,  tan  74P 
W  =  8.67217; 
flrom  a  table  of 
circular  meas- 
ures of  angles, 
circular  measure 
of  2  (180^  —  74« 
46')=  circular 
measure  of  2(106^ 
14')  =-  3.67384.  Since  tan  740  46^  is  lees  than  the  cir- 
cular measure  of  2(180(>  -  740  46^),  this  angle  is  too 
small.  A  second  trial  gives  tan  74^  46^  15"  «  3.67822. 
and  circular  measure  of  2(180°  —  14<*  4&  W)  = 


Fig.  2 
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H.67S20.  Therefore,  A  =  74°  4fi' 15".  Biito6  =  6p 
oot  A  =  IJW  cot  740  4&  16";  hence,  06  =  479.1462 
feet 


(216)  (a)  Does  eound  travel  falter  on  water  than 
on  land«  under  the  same  conditions T  If  so,  how 
much  faster,  and  why?  (6)  Can  messases  be  sent 
through  solid  stone,  steel,  and  brick  walls  by  Mar- 
coni's telegraph  system?    If  so,  why? 

W.  W.  B.,  Cleyeland,  Ohio. 

Ams.— (a)  Sound  travels  through  the  air  over  the 
land  and  sea  at  the  same  speed  under  exactly  the 
same  atmospheric  conditions.  However,  it  will  travel 
fiuther  on  sea  because  there  are  no  hills,  moun- 
taina,  houses,  trees,  etc.  to  interrupt  the  air  waves, 
(b)  Yes;  messages,  in  one  experiment  recently 
made  in  Philadelphia,  were  transmitted  through  five 
heavy  atone  walls,  an  iron  staircase,  and  three  door 
casings.  We  know  that  for  heat  rays,  rock  salt  is 
transparent  and  glass  is  opaque;  for  light  rays,  glass 
is  transparent  and  a  brick  wall  opaque;  for  Roent- 
gen rays,  a  brick  wall  forms  no  obstacle.  So 
ordinary  objects  are  transparent  to  Hertzian  waves, 
but  a  solid  box  of  metal  apparently  shields  the 
coherer  ftom  such  Hertstan  rays  as  Marconi  uses; 
but  it  also  seems  probable  that  the  box  does  not  act 
as  a  good  shield  to  longer  Bertslan  waves.  No  good 
explanation  has  been  given  of  this,  but  Bfarooni 
himself  says  that  the  Hertslan  waves  sent  out  by  his 
transmitters  very  easily  go  around  or  over  obstacles, 
implying  that  they  do  not  go  through.  These  waves 
are  very  long  (probably  200  ft.),  and  the  facility  with 
which  they  go  over  obstacles  may  be  likened  to  the 
ease  with  which  Gulliver  could  step  over  the  walls 
and  houses  of  the  Lilliputians.  There  are  physical 
phenomena  with  the  laws  and  results  of  which  we 
are  perfectly  familiar  and  have  been  for  ages,  but  no 
definite  explanation  of  them  can  be  given,  although 
theories  more  or  less  true  are  ofRered. 


(217)  If  a  house  can  be  warmed  to  a  temperature 
of  €KP^  when  the  outside  temperature  is  TCP  below 
seio,  with  a  hot-water  heating  apparatus,  the  water 
befog  maintained  at  a  temperature  of  1^,  to  how 
many  degrees  will  the  same  house  be  warmed  when 
theontsiae  temperature  Is  70^,  the  water  being  kept  at 
a  tempomture  of  180^,  all  other  conditions  being  the 
same  in  both  cases?  J.  C,  Kingston,  Out. 

AM8.— The  temperature  in  a  building  in  such  a  case 
will  be  somewhat  variable,  according  to  existing 
conditions,  but  should  range  somewhere  between 
USP  and  1110  F. 

♦*♦ 

(218)  I  have  made  a  gasoline  engine  of  the  two- 
cycle  type,  with  a  cylinder  8  in.  long  and  2i  in. 
diameter.  The  length  of  stroke  is  2}  in.  The 
exhaust  port  is  1|  in.  x  ^  in.,  and  the  admifsion  port 
is  I  in.  The  cran  k-end  •  -f  the  cylinder  is  closed  with 
a  stuflingbox.  That  end  draws  the  charge  fh>m  the 
carbureter  and  forces  it  into  the  comprearion  cham  ber. 
The  charge  is  compressed  to  one-tbird  of  its  initial 
volume  and  ignited  by  an  electric  spark  Just  before 
the  piston  reaches  the  head-end  of  the  cylinder. 
Jn«t  Defore  tbe  piston  reaches  the  crank-end  of  its 
stroke,  the  exhaust  port  opens  and  the  chMrging  port 
at  the  compression  end  of  the  cylinder  opens  and 
admits  a  firwh  charge.  The  engine  will  run  for  8  or 
10  revolutions,  then  it  will  gradually  slow  down  and 
finally  stop.  I  have  tried  several  flywheels.  One 
12  in.  in  diameter,  weighing  S4  lb.;  one  8  in.  in  diam- 
eter, weighing  14  lb.;  and  one  10  in.  in  diameter, 
weighing  24  lb.  Tell  me  where  the  fault  in  my 
engine  lies.  J.  C.  E.,  Reading,  Pa. 

Ans.— Your  description  of  the  engine  does  not 
make  clear  how  the  diflRsrent  parts  are  constructed 
and  what  their  relative  positions  are;  it  is  therefore 
dlfflcnlt  to  decide  where  the  fault  lies.  Some  of  the 
possible  causes  of  the  failure  of  the  engine  to  work 
are:  The  carbureter  may  not  fhrnlih  enough  gas; 
the  engine  cylinder  may  not  be  properly  cooled,  and 


the  heat  of  the  explosions  may  cause  the  piston  to 
bind  and  run  hard;  the  heat  may  act  on  the  valves 
and  so  prevent  them  firom  opening  or  closing  properly; 
the  arrangement  of  the  valves  may  be  such  that  the 
exhaust  is  not  properly  expelled,  thus  preventing 
the  admission  of  enough  gas  ttom.  the  compression 
chamber  to  secure  an  explosive  charge  that  will  keep 
the  engine  in  motion;  the  valves  may  not  open  or 
dose  at  the  right  points  in  the  stroke;  the  sparking 
device  may  be  so  affected  by  the  heat  as  to  prevent  it 
from  acting  properly  after  the  engine  is  started. 


(219)  Please  explain  how  to  find  the  center  of 
gravity  of  a  disk  with  a  circular  hole  in  it,  the  data 
being  as  follows:  Diameter  of  disk  =  D,  diameter  of 
hole  =  d,  distance  from  center  of  hole  to  center  of 
disk  =  a.  G.  I.  B.,  Freeport,  L.  I. 

Ans.— The  center  of  gravity  lies  in  the  line,  pro- 
duced. Joining  the  center  of  the  hole  and  the  center  of 
the  disk,  at  a  distance  firom  the  latter  center  equal  to 

a<f 

« 
«  * 

(220)  I  find  that  my  smoothing  plane.  Jack-plane, 
and  other  wooden  planes  become  very  dry  and  crack. 
Please  tell  me  what  to  use  to  prevent  this. 

A.  L..  St.  Louis,  Mo. 
Aivs.— The  only  way  in  which  you  can  prevent  the 
trouble  is  to  thoroughly  saturate  the  block  of  the 
plane  with  raw  linseed  oil.    Planes  should  be  soaked 
in  it  until  they  cease  to  absorb  the  oil. 


(221)  (a)  Has  electricity  any  weight,  and  if  so, 
how  is  it  obtained?  (b)  If  several  batteries  were 
charged,  would  they  weigh  more  than  before  being 
charged ?  I.  W.  B.,  Bristol,  0>nn. 

An8.— (a)  Electricity  does  not  possess  weight. 
Electricity  should  not  be  looked  upon  as  possessing 
weight  any  more  than  light  or  heat,  (b)  No;  a 
storage  battery  would  probably  weigh  slightly  less 
after  being  charged,  because  there  is  always  a 
certain  amount  of  gas  given  off.  The  energy  is 
stored  up  by  the  chemical  changes  that  are  made  to 
take  place  under  the  action  of  the  current,  and  not 
by  the  addition  of  anything  to  the  battery  that 
would  cause  an  increase  in  weight. 


(222)  (a)  Can  a  hollow  iron  ball  be  cast,  and  will 
it  be  as  strong  as  a  solid  one?  (b)  Give  me  fhll 
instructions  for  making  a  telescope  for  a  rifle,  so  that 
a  good  mechanic  could  make  it  if  he  were  fhmished 
the  lenses  and  tube,  (e)  How  can  I  ebonlse  wood, 
that  is.  stain  it  a  fast  black  ?  (d)  How  is  fine  check- 
ering done  on  wood?  State  what  tools  are  needed 
for  tne  work.  C.  M.,  Brooklyn,  N.  Y. 

Ans.— (a)  Hollow  balls  can  be  cast,  but  they  must 
have  two  holes  due  to  the  core  prints  supporting  the 
core  in  the  molds.  Through  these  holes  the  core  can 
be  removed  after  casting.  They  are  then  plugged 
up.  A  hollow  ball  of  the  same  weight  as  a  solid  one 
is  not  as  strong,  (b)  To  answer  this  question  would 
require  too  much  space,  and  would  not  be  of  general 
Interest.  Besides,  a  telescope  made  especially  for 
that  purpose  and  purchased  from  a  reliable  dealer 
will  be  much  more  satisfactory  and  probably  cost 
you  less  in  the  end.  (c)  Wood  may  be  ebonised  by 
painting  it  with  the  combined  solutions  of  copperas 
and  logwood.  Boil  a  pound  of  logwood  in  a  gallon 
of  water,  allow  it  to  settle,  and  strain  through  mus- 
lin. Then  make  a  saturated  solution  of  copperas  in 
water,  or  dissolve  some  rusty  nails  in  vinegar.  Paint 
the  wood  thoroughly  with  either  of  the  two  latter 
solutions,  and,  when  dry,  apply  the  logwood  solution 
over  it.  A  second  painting  of  copperas,  followed  by 
a  second  painting  of  logwood,  will  dye  the  wood  an 
unalterable  black  that  may  be  polished  with  oil  and 
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yamiahed.  The  best  wood  for  thii  purpoie  is  cherry, 
(d)  Checkering  on  wood  is  uiually  done  by  inlay, 
although  a  fair  Imitation  of  it  may  be  aeoured  by 
ebonising  the  checkers  as  above,  under  which  cir- 
cnmstances  it  will  be  necessary  to  saw  a  slot  on  the 
lines  dlyiding  the  checkers  and  insert  a  piece  of 
rubber  or  other  waterproof  material,  in  order  that 
the  dye  may  not  extend  from  one  checker  to  the  next 
one.  The  only  tools  required  in  either  esse  are  the 
ordinary  carpenter's  tools— back  saw,  plane,  and 
chisel. 

**• 

(228)  I  wish  to  construct  a  liand-power  dynamo 
without  the  use  of  cast  iron  for  the  field  magnet. 
I  wish  to  use  in  its  place  a  field  boilt  up  of  layers  of 
sheet  iron  or  a  solid  piece  of  wrought  iron,  (a)  Will 
this  work  in  a  machine  otherwise  built  as  if  a  cast- 
iron  field  were  to  be  used?  If  not,  how  can  the  field 
be  made  without  castings?  (6)  How  many  watts  are 
equal  to  I  manpower?  (c)  will  all  motors  act  as 
dynamos?  P.  D.,  Lebanon,  Kan. 

AiJB.— (a)  A  laminated  or  wronght-lron  field  should 
work  ftilly  as  well,  if  not  better,  than  a  cast-iron 
field,  because  the  magnetic  qualities  of  the  wrought 
or  sheet  iron  are  better  than  those  of  cast  iron. 
(b)  ▲  man  working  continuously  8  hours  a  day  can 
work  at  the  rate  of  about  ^  horsepower,  or  about 
75  watts,  (e)  No;  some  small  motors  will  not 
operate  as  dynamos  because  they  are  not  capable  of 
exciting  their  own  fields. 


(224)  (a)  What  chemicaU  are  used  in  making 
black-process  paper  for  printing  from  tracings,  so 
that  the  lines  will  appear  black  on  a  white  oack- 
ground?  (b)  How  are  they  mixed  and  spread  on  the 
paper?  O.  L.  H.,  Stockton,  Cal. 

Ana.— (a  and  b)  An  article  describing  this  proeea 
was  published  in  the  NoTcmber,  1896,  lame  of  "  Home 
Study  Magaslne." 


(225)  (a)  Give  me  the  proper  directions  for  ma- 
klnff  carbon  cylinders  and  plates,  with  instructions 
tor  oaklng  them,  etc.  (b)  Of  what  is  dense  carbon 
made?  W.  W.  L.,  Phlladeipbla,  Pa. 

Amb.— (a)  It  is  impoMible  to  giyt  a  description  of 
the  process  of  carbon  making  in  these  columns,  as 
space  does  not  permit  of  an  explanation  fhll  enough 
to  be  of  any  practical  use.  The  process  of  making 
carbons  is  a  complicated  one,  and  we  would  adyise 
you  to  get  a  book  on  the  subject,  if  you  are  contem- 
plating work  of  this  kind.  A  work  on  this  subject 
has  recently  appeared.  It  is  entitled  '*  The  Manufko- 
tnre  of  Carbons  for  Electric  Light  and  Other  Pur- 
poses,* .by  Francis  Jehl.  (5)  The  material  used  for 
making  carbons  >in  ^America  is  what  is  known  mm 
*'  petroleum  coke,"  t  e.,  the  carbon  ^ade  from  the 
residue,  from^petroleun.after  all  the  Tolatile  products 
have  been  diiven  off  in  the  process  of  refining.  Qas- 
retort  carbon  has  also  been  used  to  some  extent. 
The  book  referred  to  above  may  be  obtained  from 
The  Technical  Supply  Co.,  Seranton,  Pa. 

♦% 

1226)  What  wUl  prevent  the  kicking  of  the  hot- 
water  connections  between  a  kitchen  stove  and  a 
hot-water  boiler  ?  There  is  a  pitch  of  at  least  |  in .  per 
ft.  to  all  pipe.  The  hot-water  pipe  from  the  stove  is 
connected  to  the  middle  of  the  boiler.  The  tank 
above  is  about  4  ft.  higher  than  the  top  of  the  boiler. 
The  noiae  troublea  ua  a  great  deal  in  cold  weather, 
when  we  want  to  keep  tne  kitchen  warm,  and  also 
when  we  get  the  oven  hot  enough  to  bake. 

C.  B.,  Worceater,  Maaa. 

Ans.— We  believe  the  noiae  proceeda  from  mud  or 
other  material  choking  the  lower  pipe  that  connects 
the  boiler  to  the  range,  or  from  too  small  a  pitch  on 
the  upper  pipe  that  connects  the  range  to  the  boiler. 
If  it  worked  successAilly  for  a  long  time  after  the 
Job  was  first  put  in,  you  will  probably  find  that 


the  lower  pipe  is  clogged  with  mud,  or  perhaps  the 
upper  pipe  has  a  lime  incrustation;  bat  if  you  have 
experienced  trouble  right  along  from  the  time  the 
work  was  installed,  we  think  you  will  be  required 
to  change  the  upper  connection  from  the  side  of  the 
boiler  and  make  it  enter  at  the  top.  This  will 
Increase  rapidity  of  circulation  through  the  waters 
back,  and  prevent  the  formation  of  steam,  which 
is  really  the  cause  of  your  trouble. 


(227)  What  would  be  the  size  of  the  Joists,  wooden 
girders,  and  timber  columns  in  the  warehouse  built 
as  per  enclosed  sketch? 

H.  H.  F.,  Grand  Island.  Neb. 

Ans.— You  do  not  give  the  fioor  load,  so  the  best 
that  we  can  do  is  to 
give  you  the  Ibnn- 
ulas  so  that  you  can 
figure  the  siies  for 
yourself.  The  safe 
uniformly  distribu- 
ted load  that  any 
rectangular  Joist  or 
girder  will  sustain 
can  be  determined 
by  the  formula   W 

=     3^    ,  where  b 

«>  breadth  or  width 
of  beam,  d  =  depth 
of  beam,  I  »  span 
of  beam,  all  in  in- 
ches, S  =  safe  unit 
fiber  strength  of  the 
material,  and  can  be 
obtained  from  the 
table  given  here- 
with. 


Character  of  Timber.     Value  of  5.     Value  of  U, 


impost 

Bi-tek- 

□  '^'"-- 

<Brick 

Wit// 

^ 

°    1 

^ 

3^ 

a 

qU 

i* 

■S^: 

a 

°.M 

^ 

*-  /a — 4^  /ff  - 

9 

□ 

□ 

White  pine 

(Georgia  yellow  pine 

Hemlock 

Spruce 


1,000 

1,760 

876 

1,000 


875 
1,260 
.1,000 
1,000 


The  load  that  a  wooden  column  will  safely  i 

canbecalculated  by  the  formula  ir--l(  17-^^V 

where  A  =  sectional  area  of  column  in  sq.  in., 
V  =  safe  unit  compressive  strength  of  material, 
(  =»  length,  and  d  »  least  dimension  of  column, 
in  inches.  The  value  of  V  can  be  obtained  from  the 
same  table  as  &  Both  the  values  a  and  17,  as  given, 
allow  a  frkctor  of  safety  of  4,  using  commercial 
timber. 

•*• 

(228)    Pleaae  give  me  directions  for  making  an 
X-ray  outfit,  the  simpler  the  better.   If  you  cannot 
tell  me  how  to  maxe  the  outfit,  please  tellme 
where  I  can  obtain  the  information  neoeivary. 
W.  C.  a.  Woodnifl;  Utah. 

Ans.— For  an  X-ray  outfit  you  should  have  a  &>  or 
6-in.  tube,  a  6-in.  spark  induction  coll  with  the 
necessary  batteries  for  running  it,  and  a  fiuoro- 
soope.  It  would  hardly  be  povible  for  you  to  make 
the  tube,  but  you  could  make  the  rest  of  the  appa- 
ratus required.  Space  does  not  permit  us  to  give 
instructions  for  making  the  coil,  but  you  can  obtain 
the  necessary  directions  in  any  book  on  coil  making, 
such  as  "Induction  Coils,"  by  Bonney.  Ordinary 
oxide  of  zinc  is  said  to  work  very  well  for  the 
fluorosoope.  In  order  to  make  the  screen,  take  a 
piece  of  heavy  pressboard  about  8  in.  x  10  In.,  oover 
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it  with  a  thin  layer  of  paraffin,  and  dUBt  on  the 
sine  oxide  evenly;  then  warm  slightly  lo  as  to  melt 
the  paraffin,  and  the  oxide  will  be  held  firmly  in 
place.  The  screen  should  be  mounted  in  one  end  of 
a  conical-shaped  box,  with  an  opening  at  the  other 
end  through  which  to  obsenre  the  image.  The  book 
on  induction  coils  referred  to  may  be  obtained  from 
The  Technical  Supply  Co.,  Scranton,  Fa. 
« 
«  « 

(229)  (a)  How  many  amperes  will  it  take  to  light 
ten  10  o.  p.  incandescent  lights  at  60  yolti,  if  S^-watt 
lamps  are  used?  (b)  I  have  a  small  shunt-wound 
dynamo  giving  50  volts;  if  I  should  open  the  main 
switch  suddenly  with  the  ftall  load  on,  would  it 
injure  the  dynamo  in  any  wayT  (e)  Would  a 
64unpere  Axse  2  in.  long  carry  the  fame  current  as 
one4  in.  long?  (d)  What  would  be  the  dimensionsof 
an  electromagnet  to  support  a  weight  of  60  lb.,  when 
the  current  u  fondshed  by  4  or  6  cells  of  battery  T 
{e)  What  would  be  the  sise  and  weight  of  wire  on 
such  a  magnet  7  £.  P.  B.,  Santa  Barbara,  Cal. 

Ans.— (a)  Each  lamp  will  require  S5  watts  for  its 
operation;  hence,  the  10  lamps  will  require  860  watts. 
Since  the  voltage  Is  50,  the  current  required  will  be 
W  —  7  amperes,  (b)  In  the  case  of  a  dynamo 
generating  a  pressure  as  low  as  50  volts,  there  should 
be  no  danger  in  throwing  the  load  off  suddenly.  If 
the  machine  were  of  high  voltage,  it  would  not  be 
safe  to  break  the  field  current  suddenly,  because  the 
hig:h  E.  M.  F.  induced  might  puncture  the  field 
Insulation,  (c)  The  short  Aise  would  probably  carry 
a  larger  current  than  the  long  one,  on  account  of  the 
cooling  efltet  of  clamps  at  the  end  of  the  fbse.  If  the 
Aues  are  very  short,  the  heavy  clamps  at  the  end 
radiate  the  heat  and  keep  the  Aise  from  melting.  If 
short  fhses  must  be  used,  they  should  be  proportioned 
■o  as  to  allow  for  this  cooling  eflbct  (d)  This  ques- 
tion Is  very  indefinite,  as  you  say  nothing  about  the 
type  of  cell  you  Intend  using.  A- magnet  made  as 
fbUowB  should  support  about  60  lb.,  if  your  battery  is 
capable  of  supplying  it  with  |  hmpere:  Make  the 
coEre  of  f  round  wrought  iron  of  good  quality,  bent 
into  horseshoe  form,  making  the  legs  4  in.  long  from 
the  poles  to  the  center  of  the  bend,  and  the  spread 
about  S  in.  from  center  to  center  of  poles.  Chamfer 
the  poles  so  that  the  pole  frbces  will  be  ^  in.  in  diam- 
eter, in  order  to  secure  a  high  magnetic  density  at 
the  polar  surlSsces.  Wind  on  each  leg  800  turns  of 
No.  18  B.  A  &  double  cotton-covered  magnet  wire. 
(«)  The  weight  of  wire  required  will  be  In  the 
neighborhood  of  14  lb. 

»*♦ 

(280)  Please  inform  me  where  I  can  procure  a 
book  treating  on  screw  cutting,  end  lathe  work  in 
general.  L.  F.  U.,  North  Amherst,  Ohio. 

Ams.—**  Modem  Machine  Shop  Practice,"  by  Rose, 
price  818.00;  "Lathe  Work,"  by  Hasluck,  price 
82.00;  "Turning  Lathes,"  by  Lukln,  price  81.00. 
These  books  may  be  ordered  through  this  magailne, 
or  from  The  Technical  Supply  Go.,  Scranton,  Pa. 

»*♦ 

(281)  (a)  Please  tell  me  how  to  find  the  voltage 
and  current  in  each  phase  of  a  star-  or  a  delta-con- 
nected motor  in  any  of  the  standard  voltages;  also 
state  which  is  the  better  connection.  (&)  How  much 
lamr  would  an  aluminum  wire  have  to  be  to  trans- 
mit power  with  the  same  loss  as  a  copper  wire;  in 
other  words,  what  would  be  the  ratio  in  circular 
mils?  (e)  What  is  momera  of  InerHa,  and  how  is  it 
determinedr  J.  B.,  Central  Falls,  B.  I. 

Am.— (a)  If  a  motor  takes  a  certain  number  of 
watts  at  ftill  load  from  a  three-phase  line  at  a  given 
voltage,  the  current  per  line  will  be  the  same,  no 
matter  whether  the  star  connection  or  delta  con- 
nection is  used.  The  style  of  connection  of  the 
motor  winding  determines  the  current  in,  and  the 
voltage  taken  up  in,  each  phase  of  the  winding.  If 
W  represents  the  total  watts  input,  E  the  voltage 


between  the  lines,  and  C  the  current  in  each  line, 
then  we  must  have  the  relation  ir=  CXSxV^ 
=  CXEX  1.782,  and  C  =  j^^f^-    ^Or  example, 

suppose  a  three-phase  motor  took  10,000  watts  at 
ftQl  load  and  that  the  pressure  between  the  lines 
was  220  volts.    Then  the  current  per  line  would  be 

C  ==  ^^^7^  =»  26.2  amperes,  nearly.  One  type  of 

winding  has  no  particular  advantage  over  the  other, 
as  frir  as  the  operation  of  the  motor  is  concerned. 
Ctanerally  speaking,  the  V  connection  is  better 
adapted  for  a  high  E.  M.  F.,  and  the  a  connection 
for  a  large  current.  (6)  The  conductivity  of  alu- 
minum is  about  OOjt  that  of  copper,  so  that  the  area 
of  cross-section  of  the  aluminum  wire  must  be  1.06 
times  that  of  the  corresponding  copper  wire  to  trans- 
mit the  same  amount  of  power  with  the  same  loss. 
The  circular  mils  of  the 
aluminum  wire  can,  there- 
fore be  obtained  by  multi- 
plying the  circular  mils  of 
the  copper  wire  by  1.66. 
(e)  Suppose  we  have  an 
area  ab  d  e  which  may 
represent,  for  example,  the 
cross-section  of  a  beam. 
Let  xx  be  any  axlsof  refer- 
ence. Suppose  this  area  to 
be  divided  into  a  number 
of  very  smaU  areas,  as 
represented  by  the  small 
squares,  and  let  n,  r%  r, 
be  the  distances  of  these 
■mall  areas  from  the  axis  xx.  If  each  small  area  is 
multiplied  by  the  square  of  its  distance  r  from  the 
axis  and  these  results  added  together,  the  sum  will 
be  the  moment  of  inertia  of  a  b  d  c  with  reference  to 
the  axis  x  x.  The  methods  of  calculating  the  moment 
of  inertia  would  occupy  more  space  than  we  can 
allow  in  these  columna  In  the  majority  of  cases, 
the  ready  calculation  of  moment  of  inertia  involves 
the  use  of  the  calculus.  You  will  find  the  methods 
of  calculation  described  in  almost  any  good  work  on 
mechanics  of  engineering. 

♦*» 


(282)    I  wish  to  cut  a  manhole.  11  in.  x  16  in.,  c 

wlM  in  a  boiler  plate  f  in.  thick,  tensUe  strength 
56,000  lb.  Please  give  formula  for  reenforcement 
ring,  and  also  number  and  pitch  of  rivets  for  fasten- 
ing the  same.  B.  M.  A.,  Akron,  Ohio. 


Amb.— The  reenforcement  ring  should  have  a  crooi- 
section  equal  to  the  portion  cut  out  of  the  lengthwise 
section  of  the  plate.  Thus,  it  vf  =  width  of  ring, 
(  =  thickness  of  the  same,  d  «  diameter  of  rivets, 
we  have:  11X§ -=  2XvfXt-2dxt,BmamlngihtLt 
two  rivet  holes  will  frill  in  the  ring  section  consid- 
ered. For  iron  plates  and  rivets,  the  diameter  of 
rivets  should  be  d  »  C  + 1,  in  which  f  »  thick- 
ness of  boiler  plate;  thus,  d  =  |  in.;  this,  inserted  in 
the  first  equation,  gives  ^  =  2tot—%t.  The  width 
w  will  depend,  assuming  two  rows  of  rivets,  which  is 
preferable,  on  the  distance  between  the  two  rows 
and  the  distance  of  rivets  from  the  edge  of  the  ring. 
The  distance  aforesaid  again  depends  on  the  pitch. 
As  the  rivets  do  not  here  serve  the  same  purpose  as 
in  the  boiler  seams,  we  may  use  the  maximum 
allowable  pitch.  The  rules  of  the  British  Board  of 
Trade  give  the  maximum  pitch  for  double-riveted 
lap  Joints  as  p  =s  2,62 tf  + 1|  in.;  thus,  in  your  case, 
p  =>  2.61  in.,  or  2|  in.,  nearly.  The  same  rules  give 
for  the  distance  between  the  two  rows  of  rivets, 

6  =  }a]LP±^l<P±*A),  wwoh  give.  6  =  IJW. 

or  1^  in.,  nearly.    The  distance  of  rivets  from  edge 
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should  be  I  d  ^  li  in.  The  width  of  the  plate  thus 
becomes  it;  =  i ^  +  2  x  li  =  3ii.  say  4  in.  Inserting 
this  in  the  first  equation,  we  get  V  =  2  x  4  X  t  —  4 
Xt  =  6^t, ftom  which  «  =  V X  A  =  II  =  68 in.,  or 
I  in.,  nearly.  Laying  the  ring  out  you  will  find  that 
you  need  36  rivets.  The  ring  may  be  riveted  to  the 
Inside  or  the  outside  of  the  shell.  It  is  often,  when 
placed  on  the  Inside,  flanged  and  faced,  making  the 
cover  flat  and  providing  a  metallic  Joint.  The 
riveted  part  cannot,  in  this  case,  be  made  much 
narrower  than  4  in.,  and  the  flange  thus  provi- 
ding additional  cross-section,  the  thickness  can  be 
reduced,  say,  to  ^  in. 

**» 
(233)    If  a  metallic-circuit  telephone  line  has  the 
same  amount  of  induction  on  each  wire,  will  there 
be  any  humming  or  disturbance  firom  induction  T 
H.  B.  Y..  Norway,  Me. 
Anb.— Provided  there  is  no  accidental  or  inten- 
tional ground  anywhere  on  the  drouit,  there  will 
be  no  disturbance. 

« 
«  « 

(284)  In  the  figure,  ab  and  be  are  known;  mn 
(=  tn'  n')  is  also  known.  Required,  the  extreme  dis- 
tances en,  em,  en\ and  e m'.       O. F. N., Beloit,  Wis. 

Ah8.— Letmn  =  f,  ad  (=  be)  =  h,ab  (—  de)  =  k, 
cm  =  x,en  =  y.  The  right-angled  triangle  men 
gives  sfi^^  =  fl,  (1) 

The  similar  triangles,  mda  and  men  give 

md  me  x  —  k  x 
J —  =  — ,  or  — £ —  =  -. 
da        en  h  y 

Whence,  ajy  — Aaf— iy  —  0.  (2) 

By  eliminating  y  between  (1)  and  (2),  we  get 
jB»__2*a?-(i«-W-*«)a^  +  2*fz-*»^=  0.  This 
equation  has  two  real  roots,  which  may  be  found 
by  known  methods: 
one  of  them  gives  en; 
the  other  c  n'.  The 
values  of  y  may  be 
found  fh>m  (2),  after 
X  is  known;  one 
value  gives  c  m,  the 
other,  em\ 
* 

(235)    Please  ex- 

{>lain  now,  or  give  a 
brmula  for  finding 
the  time  when  the 
sun  will  rise  or  set  for 
any  part  of  the  year  in  any  longitude  and  latitude. 
How  is  this  affected  by  altitude,  ray  8.000  ft.  and 
14,000  ft.  T  £.  A.  R.,  Chicago,  Dl. 

Amb.— To  find  the  time  of  rising  or  setting  of  a 
celestial  object,  whether  it  be  the  sun,  moon,  or  a 
star,  the  following  formula  may  be  employed:  cos 
H.  A.  =  tan  Decl.  x  tan  Lat.,  where  H.  A.  »  hour 
angle;  Decl.  =  declination;  Lat.  =  latitude  of  ob- 
server. This  formula  gives  the  hour  angle  of  the 
object  when  rising  or  setting,  and  thence  the  time. 
In  computing  the  latitude,  due  allowance  must  be 
given  for  the  dip  of  the  horison  (depending  on  the 
height  of  the  observer),  refraction,  semidlameter,  and 
parallax  (if  sun  or  moon). 

••• 

(236)  (a)  Please  tell  me  what  kind  of  an  apparatus 
I  will  need  and  the  method  used  to  determine  the 
specific  heat  of  a  lianid.  {b)  Is  there  any  book  that 
nves  the  specific  neats  of  every  known  liquid? 
(e)  How  can  I  tell  ftom  an  indicator  diagram  when 
my  engine  is  cutting  off*  at  the  point  that  will  give 
the  highest  efficiency  7  (d)  If  an  automatic  cutolT 
engine  is  doing  variable  work  with  a  cut-off*  varying 
from  0  to  I  stroke,  would  it  not  improve  the  economy 
to  use  a  throttling  governor  on  the  steam  pipe,  no 
adjusted  as  to  make  the  eugiae  cut  off  at,  say.  \  stroke 
with  friction  load  7  (e)  I  propose  to  construct  a  pond 
100  ft.  square  and  2  ft  deep,  to  be  used  to  obtain 
ice.  The  soil  upon  which  the  pond  would  be  made 
is  sand,  and  water  stands  10  ft.  below  surface. 


A  sewer  runs  past,  50  ft.  away.  I  would  use  city 
water  to  fill  the  pond,  and  would  like  to  know  if  I 
would  lose  a  serious  amount  of  water  by  soaking 
away.  If  so.  can  you  tell  me  how  to  make  a  cheap 
and  durable  bottom  for  same  7  (/ )  How  much  fresn 
water  would  be  required  to  be  added  daily  to  a  pond 
100  ft  square  and  2  ft.  deep,  containing  125,000  gaL 
of  water,  to  prevent  its  becoming  stale  in  winter 
weather  7  A.  N.,  Toronto,  Can. 

Ans.— (a)  Specific  heats  of  substances  are  deter- 
mined by  a  variety  of  different  methods,  of  which 
the  simplest  and  most  easily  applicable  to  the  case 
of  liquids  is  probably  the  * '  method  of  mixtures."  By 
this  method,  a  known  quantity  of  the  substance  is 
heated  and  its  temperature  measured.  It  is  then 
immersed  in,  or  mixed  with,  a  liquid  whose  weight, 
temperature,  and  specific  heat  are  known.  The 
temperature  of  the  mixture  is  then  measured. 
A  Uttle  consideration  shows  that,  if  there  is  no  loss 
fh>m  radiation  or  other  source,  the  heat  given  up  by 
the  substance  whose  specific  heat  is  required,  in 
oooling  from  Its  original  temperature  to  the  tempera- 
ture of  the  mixture,  is  equal  to  the  heat  absorbed  by 
the  liquid  with  which  it  is  mixed.  Letting  W,  t,  and 
e  represent,  respectively,  the  weight,  temperature, 
and  specific  heat  of  the  liquid  whose  specific  heat  is 
known;  W,  tf,  and  &,  the  corresponding  quantities 
of  the  substance  whose  specific  heat  is  required; 
and  ti\  the  temperature  of  the  mixture,  we  have 
WX{ti'-t)Xe  =  W'Xit' -ti')XC.  From  this 
equation,  we  have 

IFX(V-OXc 
■H"X(<'-V)   • 

The  apparatus  required  for  the  application  of  this 
method  consists  of  accurate  scales  and  thermometen 
and  a  suitable  vessel  in  which  to  mix  the  two  sub- 
stances. The  process  is  extremely  simple  In  theory, 
but  in  practice  there  are  many  disturbing  infiuences 
that  make  it  difficult  to  secure  exact  roults.  Heat 
is  absorbed  by,  and  radiated  fh>m,  the  vessel  In 
which  the  mixture  is  made,  and  allowance  must  be 
made  for  this  and  similar  losses  whose  exact  values 
it  is  difficult  to  measure.  The  different  methods 
used  tn  determining  specific  heats,  together  with  the 
apparatus  employed  by  leading  experimenters,  are 
described  and  illustrated  in  all  standard  works  on 
physics.  One  of  the  most  complete  descriptions  is 
that  contained  in  Qanot's  "  Physics,"  which  may  be 
obtained  fh>m  The  Technical  Supply  Co.,  Scranton, 
l»a.  Price,  15.00.  (5)  We  do  not  know  of  any  such 
book,  (e)  It  is  impoMible  to  tell  from  an  indicator 
diagram  Just  what  is  the  most  economical  point 
of  cut-off.  (d)  It  would  undoubtedly  improve  the 
economy  of  an  automatic  cut-off  engine  working 
under  a  variable  load  if  the  pressure  of  the  steam 
in  the  steam  chest  could  be  so  regulated  as  to 
prevent  cut-off  from  taking  place  too  early  in  the 
stroke,  (e)  It  is  our  opinion  that  a  very  considerable 
portion  of  the  water  will  soak  away  into  the  ground 
unless  the  reservoir  is  lined  with  a  layer  of  water- 
tight material.  The  best  lining  would  consist  of  a 
layer  of  Portland  cement  concrete  about  6  in.  in 
thickness  (a  thickness  of  8  in.  might  suffice  fbr  so 
small  a  reservoir).  Either  of  the  following  would 
make  a  good  concrete  for  this  purpose,  the  propor- 
tions being  in  parts  by  measure:  Portland  cement, 
1  part;  sand,  8  parts;  broken  stone  or  gravel,  7  parts; 
or,  natural  cement,  1  part;  sand,  2  parts;  broken 
stone  or  gravel,  8  parts.  Mix  thoroughly  dry,  then 
add  only  sufficient  water  to  give  it  the  proper  con- 
sistency. The  concrete  should  be  deposited  in  place 
promptly,  and  tamped  thoroughly  but  lightly  until 
a  thin  film  of  moisture  appears  on  the  surfkce.  After 
it  has  set  thoroughly,  it  should  be  given  a  ooat 
of  plaster  composed  of  neat  cement  mortsr.  A  layer 
of  clay  about  12  in.  thick  (6  in.  might  suffice)  would 
also  make  a  satisfactory  lining.    The  clay  should  be 
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moist  enough  to  pack  well  when  laid,  and  should 
be  thoroughly  rammed.  (/)  A  reterrolr  100  ft. 
square  and  2  ft.  deep  would  contain  125,000  gal. 
when  about  flye-sizths  ftill.  In  order  that  the  ice 
can  be  cut  to  advantage,  however,  we  would  advise 
making  the  reservoir  8  ft.  deep  at  least,  and  a  depth 
of  4  ft.  would  be  still  better.  The  sides  should  slope 
not  leas  than  H  ft.  horlsontal  to  1  ft.  vertical.  We 
do  not  think  there  would  be  any  trouble  about  the 
water  becoming  stale  in  winter,  especially  in  f reeling 
weather. 

« 
»  * 

(287)  I  have  a  small  dynamo  the  armafure  of 
which  is  wound  with  li-lb.  No.  22  wire  and  the  field 
with  4-lb.  Nn.  18  wire.  The  machine  is  designed  to 
ran  at  2,200  R.  P.  M.  I  have  not  been  able  to  make 
this  machine  generate.  The  fields  are  but  very 
weakly  magnetised  when  connected  to  four  bichro- 
mate cells.  The  field  is  of  east  iron,  of  the  form 
shown  in  the  accompanying  sketoh.  I  would  like  to 
know  what  is  the  trouble  with  the  machine.  Would 
it  help  matters  any  to  substitute  wrought-iron  pole 
pieces  for  cast-iron  pole  pieces? 

C.  K..  Baltimore,  Md. 

Aks.— The  sketch  referred  to  shows  a  small  two- 
pole  Edison  type  machine  with  pole  pieces  1)  in. 
bore  by  3  in.  in  length.  The  first  thing  to  be  done 
is  to  see  that  the  fields  are  connected  up  properly. 
Looking  down  at  the  top  of  the  machine,  the  coils 
should  be  connected  up  so  that  the  current  circulates 
around  them  in  opposite  directions.  If  the  coils  are 
connected  all  right  and  there  is  no  break  in  the 
winding,  four  cells  should  make  the  poles  fklrly 
strong.  They  may  ali^  be  tested  with  a  compass  to 
make  sure  that  one  is  north  and  the  other  south. 
After  the  connections  between  the  field  colls  are 
properly  made,  connect  one  terminal  of  the  arma- 
ture to  one  terminal  of  the  field,  and  connect  the 
remaining  two  terminals  to  a  number  of  battery 
cells,  and  see  if  you  can  get  the  machine  to  run  as  a 
motor.  If  you  can  obtain  current  firom  a  direct- 
current  lighting  circuit,  so  much  the  better,  but  be 
careftil  to  put  a  resistance  in  series  with  the  motor, 
to  prevent  too  large  a  rush  of  current.  First,  get  the 
machine  to  ran  Mtisfiustorily  as  a  motor;  if  this 
cannot  be  done,  there  is  Uttle  use  in  attempting  to 
ran  it  as  a  dynamo.  Then  reverse  the  connections 
between  the  field  and  armature  and  try  ranning  it 
as  a  dynamo,  driving  it  in  the  same  direction  that 
It  ran  as  a  motor.  The  resistance  of  the  outside 
circuit  must  be  low,  and  if  the  machine  reftises  to 
"  pick  up,"  short-circuit  it  at  iU  terminals  and  see 
whether  this  has  any  eflTect.  Some  of  these  small 
machines,  while  they  operate  well  enough  as  motors, 
give  a  great  deal  of  trouble  when  an  attempt  is 
made  to  operate  them  as  dynamos,  because  they  are 
not  capable  of  exciting  their  field  magnets.  Substi- 
tuting wrought-iron  pole  pieces  would  not  help 
matters  enough  to  warrant  the  expense. 


(2S8)  I  wish  to  know  (a)  the  diflference  between 
the  poundal  and  the  pound  system  of  units,  and 
{b)  how  to  fiod  the  efficiency  of  a  machine  referred 
to  the  two  systems  at  different  latitudes,  as  at  Edin- 
burgh, New  York,  and  the  equator. 

C.  D.  P.,  Bird  Island,  Minn. 

Anb.— (a)  The  poundal  is  the  unit  of  force  in  the 
lo-called  '*  absolute  system  of  units."  In  this  system, 
a  special  lump  of  platinum  kept  somewhere  In  Eng- 
land is  called  the  unit  of  mass;  and  the  unit  of 
force  is  that  force  which,  acting  unbalanced  on  the 
unit  of  maa,  will  impart  to  it  an  acceleration  of 
1  ft.  per  sec.;  or,  what  is  the  same  thing,  will  impart 
to  it  in  1  second  a  velocity  of  1  ft.  per  sec.  This 
unit  of  force  is  called  the  poundal.  In  the  pound 
system,  known  as  the  "  gravitation  system  of  units," 
the  unit  of  force  (the  pound)  is  the  weight  at  a 


certain  place  (say  at  London)  of  the  lamp  of  plat- 
inum referred  to  above;  but  this  lump  of  platinum 
is  not  taken  as  the  unit  of  mass,  no  unit  of  mass 
being  necessary  in  this  system.  If  the  weight 
(determined  by  a  spring  balance)  of  a  body  at  any 
place  is  IT,  and  the  acceleration  due  to  gravity 
is  g,  the  mass  of  the  body  is  defined  as  a  name  given 
to  the  quotient  W-i-  g.  If  the  acceleration  due  to 
gravity  is  0^  at  London  (or  wherever  the  weight  of 
the  lump  of  platinum  is  taken  as  the  unit  of  force), 
then  1  pound  =  g^  poundals.  If  the  weights  (deter- 
mined by  a  spring  balance)  at  London  and  at  a  place 
where  the  acceleration  of  gravity  is  ^  are  TTo  and  W 

pounds,  respectively,  we  have  IF  =  TTq—  pounds 

-^  mg  pounds,  denoting  the  mass  -  -  (  =  —  )  by  m. 

If  the  weight  in  poundals  is  W,  we  have  W  » 
Wgo  —  mggo.  In  practice,  the  difference  between 
Wo  and  W  is  neglected;  that  Is.  g  is  taken  as  equal 
to  go,  and  then  IT'  —  Wg,  and,  in  general,  any  force 
expressed  In  pounds  is  converted  Into  poundals  by 
multiplying  by  g.  When  the  variations  in  the  value 
of  g  are  to  be  taken  into  account,  the  following 
formula  may  be  used,  where  g  is  the  acceleration  of 
gravity  in  feet  per  second,  at  a  place  whose  latitude 
is  I  and  whose  height  above  sea  level  is  h  feet: 
g  =  32.173  -  .0621  cos  2Z  -  .000008  h.  For  accurate 
calculations,  however,  the  exact  value  of  g  at  any 
particular  place  is  determined  by  means  of  a  pendu- 
lum. (6)  The  efficiency  of  a  machine  is  the  ratio  of 
the  work  expended  on  it  and  the  useftil  work  done 
by  it;  and  is,  as  all  ratios  are,  entirely  independent 
of  the  units  used. 

« 
«  « 

(289)    State   how  prints  are  made,   having  the 
ground  white  and  the  lines  of  the  drawing  blue. 

E.A.B.,  Kansas  City,  Mo. 

Ans.— This  prooe«  was  ftiUy  described  in  the  No- 
vember, 1B06,  larae  of  "  Home  Study  Magaaine." 


(240)    (a)  Please  give  me  the  name  of  some  book, 

e-mphlet,  or  article  on  water  gas.  (5)  Please  give 
e  relative  heating  valuta  of  alcohol,  gasoline,  erode 
petroleum,  coal  oil.  Piotsch  gas,  producer  gas.  acetyl- 
ene, and  carbon;  the  number  of  neat  units  (B.  T.  u.) 
that  will  be  developed  by  the  combustion  of  a  pound 
of  each;  and  the  number  of  pounds  of  water  each 
will  raise  from  9r29  to  100°  F.     O.  W.,  St.  Louis,  Mo. 

Ans.— (a)  "  Engineering  Chemistry,"  by  Thomas  B. 
Stillman;  price  $4.60.  "Kent's  Mechanical  Engi- 
neer's Pocketbook";  price  15.00.  These  books  may  be 
obtained  ftom  The  Technical  Supply  Co.,  Scranton, 
Pa.  Considerable  information  regarding  water  gas 
and  its  manufacture  can  also  be  obtained  from  a 
paper  entitled  "Fuel  QtM  and  Its  Applications," 
which  appears  in  Vol.  XIX  of  "  The  Transactions  of 
the  American  Institute  of  Mining  Engineers."  It  is 
probable  this  paper  can  be  obtained  in  pamphlet 
form;  for  particulars  regarding  it,  address  R.  W. 
Raymond,  secretary,  the  American  Institute  of 
Mining  Engineers,  18  Burling  Slip,  New  York  City. 
(b)  The  number  of  heat  units  that  will  be  developed 
by  combustion  of  a  pound  of  carbon  is  about  14,600. 
Of  the  other  substances  named,  authorities  differ 
regarding  the  heating  value.  In  most  cases  the 
differences  in  composition  and  physical  properties  of 
the  commercial  grades  are  great,  and  in  ooniequence 
different  experimenters  have  obtained  results  that 
differ  very  materially.  Average  values  for  the  num- 
ber of  B.  T.  U.  that  will  be  developed  by  the  perfect 
combustion  of  1  pound  of  each  of  the  different  sub- 
stances, as  determined  by  the  best  authorities  we 
have  at  hand,  are  as  follows:  Alcohol,  18,000;  gaso- 
line, 11,000;  crude  petroleam,  18,000;  coal  oil  (kero- 
sene), 20,000;  producer  gas  (Slemen's),  1,500;  producer 
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gM  (lemiwftter  gM),  2,2U0;  acetylene.  21,600.  We 
hay  e  no  data  regarding  the  heat  value  of  Pintech  gaa. 
The  nomher  of  B.  T.  U.  required  to  change  the  tem- 
petatnre  of  a  pound  of  water  from  82^  to  IVP  F.  \b 
■lightly  more  than  68;  hy  dividing  the  theoretical 
heat  of  oomlKution  by  thii  quantity,  the  theoretical 
nnmber  of  poondi  of  water  that  will  be  heated 
ftom  820  to  100°  wiU  be  given.  The  practical  effect 
of  the  combustion  of  a  pound  of  a  ^ven  lubetanoe 
will  depend  on  the  oonditioni  under  which  it  is 
burned.  _ 

«  ♦ 

(241)  Pleaee  show  me  how  to  figure  the  cliange 
gears  for  a  limple-geared  lathe. 

H.  N.  P.,  Cincinnati,  Ohio. 
Akb.— A  method  of  determining  gears  is  given  in 
the  March,  1900,  isnie  of  BaiNCB  and  Industby, 
Answers  to  Inquiries,  No.  77. 

•*. 

(242)  (a)  Can  wood  be  used  for  the  piston  of  a 
gasoline  engine  T  If  so,  should  it  be  treated  with  any 
substance  7  (ft)  How  can  I  galvanise  small  things, 
such  as  nails,  screws,  etcT  (e)  Can  you  give  me  tne 
names  of  men  that  buy  undeveloped  natural  gas  and 
oil  chancesT  8.  T.,  Houston,  Tex. 

Amb.— (a)  We  have  never  known  of  the  use  of  wood 
for  this  purpose,  and  do  not  think  it  could  be  used 
snccessAilly.  The  high  temperature  in  a  ga»engine 
cylinder  would  quickly  char  the  wood  and  destroy 
its  strength,  no  matter  how  treated.  (6)  Clean  all 
scale,  rust,  dirt,  or  oil  from  the  surface,  and  If  oily, 
boil  in  caustic  soda,  and  then  remove  the  scale  and 
rust  by  a  bath  of  hydrochloric  add  and  water.  If 
neoenary,  Mrub  the  article  a  little  with  a  metallic 
brush,  and  then  thoroughly  rinse  in  hot  water  and 
dry  quickly.  After  drying  Immerse  in  a  bath  of 
melted  sine,  and  at  the  same  time  sprinkle  a  lltUe 
powdered  ammonium  chloride  on  the  surface  of  the 
melted  sine  to  clear  it.  Very  small  pieces  require 
only  a  few  seconds  of  immersion,  (e)  We  cannot 
ftunish  this  information. 

•% 

(248)  We  have  a  No.  12  galvanised-iron  wire  run- 
ning parallel  on  the  same  poles  for  about  1  mile, 
with  wires  carrying  current  at  a  high  voltage,  and  it 
also  runs  under  and  above,  at  different  places,  some 
trolley  feeders  and  street-lighting  wires.  Its  entire 
lengtn  is  4  miles.  We  use  this  wire  for  telegraph- 
ing from  7:00  a.  m.  to  6K)0  P.  M.,  and  then  it  is  cut 
off  entirely  from  the  telegraph  instruments,  and  a 
telephone  of  a  good  make  switched  on  at  each  end. 
We  cannot  hear  well  with  them,  however,  for,  as 
soon  as  we  take  down  the  receiver,  a  terrible  roaring 
occurs,  which,  I  think,  is  caused  by  Induction  from 
the  above  wires.  Am  I  right,  and  is  there  any  way 
to  prevent  this  roaring  without  erecting  another 
wire  to  make  it  a  metallic  circuit? 

C.  H.,  Edgemoor,  Del. 

An8.— Yes,  you  are  right;  the  noise  is  due  to  the 
induction  from  the  other  wires.  You  may  perhaps 
overcome  the  trouble  by  making  the  mile,  where  it 
runs  parallel  and  on  the  same  poles  with  the  high- 
voltage  wires,  complete  metallic,  transposing  every 
800  ft  or  oftener.  If  this  does  not  improve  it  suffi- 
ciently, you  will  have  to  make  the  entire  line  a 
complete  metallic  circuit,  and  transpose  frequentiy. 
There  is  no  other  way. 

♦** 

(244)  Is  there  any  rule  for  dividing  a  circle  into 
anv  number  of  equal  parts,  or  Inscritxing  a  regular 
'polygon  of  any  number  of  sides  In  a  given  circle? 
f  so,  please  state  how  it  Is  done. 

G.  M.  M.,  Takoma  Park,  D.  C. 

Ams.— In  elementary  theoretical  geometry  it  is 
permissible  to  use  only  constructions  that  can  be 
made  by  means  of  a  pair  of  compasses  and  an 
ungraduated  straightedge.  With  this  restriction  it 
is  poMible  to  inscribe,  in  a  given  circle,  a  regular 
polygon  whose  number  of  sides  is  the  product  of  2" 


Pi 


and  one  or  more  different  primes  of  the  Harm  ^  +  l, 
where  n  and  m  are  integers;  and  it  is  Impossible  to 
construct  geometrically  any  other  regular  polygon. 
This  very  important  proposition  was  proved  l^  the 
celebrated  mathematician  Gauss.  According  to  this 
proposition,  it  is  povible  to  construct  geometrically 
a  regular  polygon  having  8,  4,  5,  6,  8. 10, 12, 16, 18, 17, 
20,  24,  80, 82, 84. 40, 48, 61, 00, 64, 66, 68, 80, 85,  or  96  sides: 
these  are  the  only  regular  polygons  of  less  than 
100  sides  whose  construction  is  povible  The  con- 
structions for  several  of  these  are  given  in  most 
textbooks  on  geometry,  but  we  have  not  space  to 
give  them  in  this  column.  In  practice,  it  is  best  to 
divide  the  circumference  into  the  required  number 
of  equal  parts  by  trial,  using  the  dividers. 

.*• 

(246)  I  have  a  galvanometer  and  would  like  to 
make  a  Wheatstone  bridge.  Please  a^ve  me  some 
particulars  for  my  guidance,  (a)  I  have  some 
No.  80  cotton-covered  wire;  will  this  do  for  the 
resistance  coils?  (6)  What  sise  coils  and  how 
many  should  I  make  in  order  to  have  a  bridge 
suitable  for  practical  work?  W.J.  M.,  Apollo,  Pa. 

AN8.— (a)  The  No.  80  wire  will  answer  if  it  is  of 
German  silver.  It  would  hardly  answer  if  of  copper, 
because  it  would  take  a  great  length  of  it  to  make 
up  the  coils,  and  besides  its  resistance  would  vary 
too  much  with  changes  in  temperature.  (6)  Tot 
the  adjustable  arm  of  the  bridge  you  should  have 
colls  as  foUows:  1,  2,  2.  5,  10,  20,  20.  50,  100,  200,  200. 
500  ohms.  It  weuld  also  be  desirable  to  have  a 
l,00(M)hm  coll,  if  poMible.  The  adjustable  arms  may 
consist  of  three  coils,  each  of  1,  10,  and  100  ohms. 
Wind  the  coils  on  hardwood  spools  soaked  in 
paraffin  and  wind  the  wire  double;  1.  e.,  wind  two 
wires  side  by  side  and  Join  the  two  ends,  where  the 
coil  was  started,  together,  using  the  other  two  ends 
as  the  terminal  of  the  spool.  This  amounts  to  the 
same  thing  as  doubling  the  wire  on  itself  and  then 
winding  on  the  spool.  By  winding  the  coils  in  this 
way,  inductive  effects  are  avoided.  After  the  coils 
are  adjusted  and  connected  up,  dip  them  in  paraffin 
so  as  to  keep  out  moisture. 

••• 

(246)  What  are  screw  pUes,  how  are  they  con- 
structed, and  for  what  purpose? 

(STa.  K,  Baltimore,  Hd. 
Anb.— A  screw  pile  is  a  pile  having  a  short  metal 
screw  or  hellooidal  flange  at  the  bottom,  by  means 
of  which  it  is  screwed  Into  soft  or  muddy  soil. 
Screw  piles  are  sometimes  composed  of  wood  with 
metal  screws,  but  more  commonly  consist  wholly 
of  metal.  Metal  screw  piles  are  used  eztensi  vely  by 
the  government  in  submerged  work,  such  as  light- 
house foundations. 

**♦ 

(247)  (a)  Is  there  any  machine  other  than  the 
common  surfkce  grinder  for  grinding  the  flanges  on 
stove  plates?  (b)  What  kind  of  a  machine  is  mostly 
used  for  this  purpose?  (e)  Are  there  any  upright 
machines?  P.  W.  D.,  Lebanon,  Pa. 

Ans.— (a  and  b)  We  believe  that  in  small  places 
they  use  the  ordinary  emery  wheel,  grinding  by 
hand,  (c)  Not  that  we  know  of—at  least  not  in 
the  market. 

♦*♦ 

(248)  Will  four  "Masoot"  dry  batteries  operate 
the  telephone  instruments  on  a  private  line  three- 
fourths  of  a  mile  in  length,  using  a  metallic  circuit? 

E.  W.  H.,  Andover,  O. 
Ans.— Two  cells  at  each  end  will  be  sufficient  to 
operate  the  microphone  transmitters.  For  this  par- 
pose,  some  form  of  a  wet  cell,  such  as  a  Ledanehft, 
would  be  better.  If  you  are  going  to  use  them  fbr 
ringing  up,  at  least  three  or  four  cells  will  be  neces- 
sary at  each  end.  Dry  cells  will  do  very  well  for 
this  purpose. 
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CONSTRUCTION    OF  A  MERCATOR'S   CHART 
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Popularity  and  Pecullaeity  of  the  Mbbcator's  Chart — Mbrcator's  Original  System. 
Wright's  Demonstration — How  to  Construct  and  Use  a  Mbrcator*s  Chart 


A  MAP  of  the  world  on  Mercator's  projec- 
tion is  a  very  common  thing  nowadays. 
It  is  to  be  found  anywhere:  in  ihe 
InznriouB  ofiBices  of  the  great  financier  as 
well  as  in  the  less  elaborately  decorated 
ofiBice  of  the  jonk  dealer;  on  the  walls  of 
every  collie,  school,  and  kindeigarten;  in 
the  homes  of  rich  and  poor;  everywhere  can 
be  found  evidence  of  the  great  popularity  of 
this  chart  In  fact,  it  gives  an  observer 
the  impression 
that  it  is  used 
more  for  a  dec- 
oration than 
anything  else. 

Looking  at  a 
Mercator's  chart 
repreeentingthe 
world,  without 
being  familiar 
with  the  pecu- 
liarity of  its  con- 
struction, the 
beholder  is  par- 
ticularly struck 
with  the  im- 
mense tracts  of 
land  abounding 
above  the  six- 
tieth parallel  of  north  latitude.  The  area  of 
Greenland  appears  to  be  about  one-third 
larger  than  the  United  States,  and  the 
islands  of  Spitzbergen  appear  twice  as  large  as 
the  Kingdom  of  Spain.  Undoubtedly,  many 
persons  think  that  such  is  in  reality  the 
case,  arguing  that  charts  are  not  printed 
''with  lies  on  their  flEtce."  Now,  we  are 
obliged  to  confess  that,  whatever  the  merits 
of  a  Mercator's  chart,  it  certainly  cannot  be 
said  to  be  truthful — at  least  not  in  the 
higher  latitudes.  Greenland  is  not  as  large 
as  the  United  States;  in  &ct,  the  area  of 


Greenland  is  not  any  greater  than  that  of 
Mexico,  and  the  area  of  the  Kingdom 
of  Spain  is  at  least  five  times  as  large  as 
that  of  the  islands  of  Spitzbergen.  Why, 
then,  should  charts  or  maps  that  are  errone- 
ous and  misleading  be  printed  and  distributed 
for  sale?  Is  it  because  of  the  old  saying 
that  the  public  at  large,  as  a  general  rule, 
enjoys  the  privil^e  of  getting  fooled  ?  No, 
it   is   not;    the   reason   for   this   apparent 

irregularity  o  f 
the  Mercator's 
chart  will  be 
explained  as  we 
proceed. 

Charts,  Mer- 
catorial  or  not, 
are  representa- 
tions  of  the 
earth,  or  por- 
tions of  the 
earth's  surfiace. 
Now,  since  the 
form  of  the  earth 
is  globular,  it  is 
evident  thatany 
representation 
of  its  surface  on 
a  flat  sheet  of 
paper,  such  as  a  chart,  must  necessarily 
be  an  artificial  construction— or,  in  other 
words,  a  projection  of  the  globe  upon  the 
paper.  In  order  to  insure  a  true  represen- 
tation of  the  original,  there  are  certain 
conditions  that  must  be  fulfilled,  viz., 
conformity t  equivalence,  and  equidistance.  Con- 
formity requires  that  each  figure  of  the 
image  shall  possess  a  geometrical  similarity 
to  the  original;  that  is,  all  corresponding 
angles  must  be  equal.  Equivalence  requires 
that  the  area  of  certain  spaces  on  the  chart 
shall  have  the  same  ratio  to  one  another  as 
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the  oorresponding  ipaoes  on  the  snrfiuse 
of  the  earth.  Eqnidifltanoe  reqniree  that 
the  difltancei  from  any  two  points  to  the 
center  of  the  chart  ahall  have  the  same 


the  roles  of  different  methoda  of  projection. 
Among  these,  used  for  map  and  chart  ccm- 
stmction,  the  poijfconie,  the  gnomonic,  and 
Mereatar'i    pit)jection    are   prominent.     In 


Fio.  2 


ratio  to  each  other  as  the  corresponding 
distances  on  the  earth. 

The  spherical  representation  of  the  earth 
(the  globe)  is,  however,  the  only  image  that 
can  satisfy  all  of  these  conditions.  Bat  a 
globe  is  a  very  inconvenient  thing  on  which 
to  find  distances,  bearings,  and  areas. 
Therefore,  when  representing  some  part  of 
the  earth's  surface  on  a  plain  sheet  of  paper, 
the  constructor  will  have  to  content  himself 


simplicity  and  general  handiness,  the  last 
named  is  foremost 

The  inventor  of  this  system  was  Gerard 
Mercator,  which  is  the  Latinized  form  of  his 
real  name,  Kramer.  Mercator  was  bom  at 
Rupelmonde,  Flanders,  in  1512,  and  died 
in  1594.  He  was  educated  at  Bois-le-Duc, 
and  later  took  a  d^;ree  in  philosophy  at  the 
University  of  Louvain,  after  which  he  made 
a  profound  study  of  the  science  of  geography 


tcuici  wi  ikMim 


Fig.  3 


with  Strictly  satisfying  mie  of  these  con- 
ditions, while  the  others  are  satisfied  as  near 
as  they  possibly  can  be.  This  may  be 
accomplished  in  several  ways  by  applying 


and  mathematics.  In  1559  he  was  appointed 
a  cosmographer  to  the  Duke  of  Cleve.  His 
system  was  not  strictly  a  projection,  but 
may  be  said  to  have  resulted  from  operations 
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illoatrated  in  Figs.  1, 2, 3,  and  4.  By  strip- 
ping the  gores  formed  by  the  meridians  off 
the  globe  (Fig.  1)  representing  the  northern 
hemisphere,  a  chart  is  formed  simUar  to  the 
one  shown  in  Fig.  2.  Owing  to  the  openings, 
or  vacant  spaces,  between  the  meridians, 
this  chart  is  very  defective;  and,  in  order  to 
remedy  this  defect,  the  upper  parts  of  the 
gores  are  stretched  so  as  to  form  the  chart 
represented  in  Fig.  3.  A  glance  at  this 
chart,  however,  will  reveal  the  fact  that 
everything  on  it,  except  the  equatorial  parts. 


the  necessity  of  satisfying,  as  far  as  possible, 
the  conditions  of  conformity,  equivalence, 
and  equidistance,  the  intelligent  reader  will 
hardly  fail  to  comprehend  why  the  penin- 
sula of  Ghreenland  looks  larger  than  the 
United  States,  and  why  the  area  of  the 
Kingdom  of  Spain  appears  insignificant 
in  comparison  with  the  islands  of  Spitz- 
bergen. 

Mercator  did  not  demonstrate  mathemat- 
ically the  principles  of  his  system.  Toward 
the   dose   of  the  16th  century,  however, 


Fig.  4 


are  distorted,  and  that  this  distortion  in- 
creases in  the  higher  latitudes.  Now,  in 
order  to  restore  a  balance  of  orientation,  or 
the  relative  position  and  direction  of  spaces, 
which  are  distributed  horizontally  (or  in 
longitude),  it  is  essential  to  distort  the  chart 
in  an  equal  proportion  vetHoaUy  (or  in 
latitude).  When  this  has  been  done,  the 
result  is  as  shown  in  Fig.  4,  which  rep- 
resents a  complete  map  of  hM  the  north- 
em  hemisphere  according  to  Mercator*  s 
systeoi. 

On  account  of  this  distortion  of  the  Merca- 
torial  chart  in  the  higher  latitudes,  due  to 


Edward  Wright,  an  English  scientist,  gave 
a  mathematical  demonstration  of  the  law  on 
which  Mercator  constructed  his  chart;  at 
the  same  time  he  rendered  a  graphic  expla- 
nation of  the  principles  underlying  its  con- 
struction. He  assumed  that  a  cylinder 
contained  a  spherical  globe  representing  the 
earth.  Fig.  5  (a),  which  was  to  swell  like  a 
bladder,  equally  in  latitude  and  longitude, 
until  it  coincided  with  the  concave  surface 
of  the  cylinder;  at  the  same  time  the  merid- 
ians widen  out  until  they  are  everywhere 
the  same  distance  from  each  other,  as  on  the 
equator.    In  this  way  the  spherical  surface 
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i£  made  to  coincide  with  the  cylindrical  con- 
cave surface.  Catting  the  cylinder  down  a 
meridian,  and  opening  it  out  into  a  flat  sur- 
face, Fig.  5  (6),  we  shall  find  on  it  a  repre- 
sentation of  a  Mercator's  chart.  For  this 
reason,  all  the  meridians  are  parallel  straight 
lines,  and  the  degrees  of  longitude  are  all 
equidistant;  the  latitude  parallels  are  every- 
where at  right  angles  to  the  meridians;  and 
hence  the  loxodromic  line,  or  track  of  a 
ship  that  steers  a  straight  continuous  course, 
or  the  relative  direction  between  two  places, 
can  be  represented  on  a  Mercator's  chart  as 
a  straight  line.  Consequently,  this  chart 
satisfies  the  first  condition,  conformity— the 


enoe  of  latitude,  is  known  as  the  meridional 
difference  of  laMtude. 

Many  of  our  readers  possibly  think  that 
the  construction  of  a  Mercator's  chart  is  a 
very  difi&cult  and  complicated  problem,  and 
something  that  cannot  be  mastered  by  the 
average  man.  We  will,  however,  proceed 
to  show  that  the  problem,  instead  of  being 
dififtcult,  is  very  simple  and  easy.  All  that 
is  needed  is  a  table  of  meridional  parts, 
which  is  to  be  found  in  any  collection  of 
mathematical  or  astronomical  tables,  and 
the  usual  outfit  of  drawing  materials.  The 
order  of  procedure  is  then  as  follows:  First 
determine  the  limits  of  the  proposed  chart 
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other  conditions  being  satisfied  to  a  great 
degree  of  accuracy.  The  degrees  of  latitude 
are  all  unequal,  being  increased  in  length 
from  the  equator  to  the  pole,  in  the  same  pro- 
portion as  the  degrees  of  longitude  decrease 
on  the  globe.  The  lengths  of  the  small 
portions  of  the  meridians  thus  increased, 
expressed  in  minutes  of  the  equator,  are 
called  meridional  parts;  and  the  meridional 
part  for  any  latitude  is  the  line  expressed 
in  minutes  of  the  equator  into  which  the 
latitude  is  thus  expanded.  The  length  of 
the  line  on  a  Mercator's  chart,  or  the  differ- 
ence, for  any  two  latitudes,  between  the 
meridional  partB,  which  represents  the  differ- 


— in  others  words,  the  number  of  degree^ 
and  minutes  it  is  to  contain,  both  of  latitude 
and  of  longitude.  Then  draw  a  straight 
line  near  the  lower  maigin  of  the  paper  if 
the  chart  is  to  represent  north  latitude;  near 
the  upper  margin  if  it  is  to  represent  south 
latitude;  or  at  a  suitable  position  toward 
the  center  if  both  north  and  south  latitude 
are  to  be  represented.  Divide  this  line  into 
as  many  equal  parts  as  the  number  of 
degrees  of  longitude  required;  for  instance, 
if  the  chart  is  to  contain  15  degrees  of  longi- 
tude, divide  the  line  into  15  equal  parts. 
At  each  extremity  erect  lines  perpendicular 
to  it.    Take  out  from  the  tables  (referred  to 
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before)  the  meridional  ports  for  each  oon- 
▼enient  degree  of  latitade,  for  the  limite 
between  which  the  chart  is  to  be  drawn, 
and  take  the  difference  between  each  micces- 
BiTe  pair,  thni  obtaining  the  meridional 
differenoeB  of  latitude.  Reduce  these  merid- 
ional differences  to  degrees,  by  dividing  them 
by  00;  the  resolt  will  be  the  lengths  on  the 
longitude  scale  between  the  chosen  degrees 
of  latitude.  Lay  off  these  lengths  succes- 
BiTely  on  the  perpendicular  lines,  and  through 
the  points  thus  obtained  draw  straight  lines 
parallel  to  the  original  line«  to  represent  lati- 
tude parallels.  At  convenient  intervals,  or 
through  each  division  on  the  base  line,  draw 
lines  parallel  to  the  perpen- 
diculars to  represent  merid- 
ians. The  accuracy  of  the 
frame  of  the  chart  thus  com- 
pleted should  be  tested  by 
measuring  the  two  diagonals 
of  the  rectangle  formed;  if 
they  are  of  the  same  length, 
the  frame  is  perfect  The 
principal  points  in  the  chart 
are  now  laid  down  according 
to  their  respective  latitucles 
and  longitudes;  and  what- 
ever formations  and  contours 
of  water  or  land  required, 
together  with  other  useftd 
items,  are  drawn  in  freehand. 
A  compass  diagram  may  also 
be  inserted,  but  it  should  be 
remembered  that  the  direc- 
tion of  the  meridians  indi- 
cates true  north  and  south. 

In  order  to  illustrate  the 
foregoing,  let  it  be  required 
to  construct  a  chart  on  the 
Mercator's  projection,  ex- 
tending from  latitude  40^  N 
to  43^  N,  and  from  longitude 
74*»  W  to  77**  W,  on  a  scale 
of  2  inches  to  1^  of  longitude. 

In  order  to  do  this,  draw  a 
horizontal  line  a  6,  Fig.  6,  at 
the  bottom  margin  of  the 
paper,  to  represent  the  for- 
tieth parallel  of  latitude.  On 
this  line,  lay  off  three 
lengths  of  2  inches  each, 
and  divide  each  length  into  60  equal 
parts,  representing  geographical  miles.  At 
the  extremities  of  the  line,  carefully  erect 
the  perpendiculars  ac  and  6  d,  to  represent 
meridians.  Then  consult  the  table  of  me- 
ridional parts,  and  take  out  the  values 
corresponding  to  each  degree  of  latitude,  and 


obtain  the  differences  as  indicated  below: 

Lat.       M.P.        M.D.L. 

40°— 2,607.9  I  78.6-^-60  =  1°18.6' 

42oZ|^3  (  79.8-!- 60  =  m9.8' 
43o__2;847!4  j  81.1 -s- 60  =  l*»21.r 

This  complied  with,  take,  with  the  divi- 
ders, 1°  18.6^  from  the  scale  of  longitude,  and 
lay  it  off  on  each  perpendicular  from  the 
base  line,  and  through  the  points  thus 
obtained  draw  the  parallel  of  41°.  In  like 
manner,  from  the  parallel  of  41°,  lay  off 
1°  19.8^  and  draw  the  parallel  of  42°.  Pro- 
ceed similarly,  and  get  the  paraUel  of  43°. 
Divide  this  last  parallel  into  degrees  and 


'1  iDchea  ss  10  longitudr. 

Fig.  6 

minutes,  the  same  as  the  parallel  of  40°,  and 
draw  the  meridians  of  75°  and  76°  west  lon- 
gitude. The  result  will  be  as  shown  in 
Fig.  6,  representing  a  chart  on  Mercator's 
projection  according  to  the  limits  required. 
Now,  to  demonstrate  the  usefulness  of  the 
MerCator's  chart,  let  us  assume  that  we  are 
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50  years  ahead  of  the  present  time — that  is, 
in  1950— when,  in  all  probahility,  air  ships 
will  be  as  common  as  the  bicycle  of  today. 
You  are  in  Trenton,  N.  J.  (Lat  40«  14'  N, 
Long.  74**  46'  W),  but  urgent  business 
requires  your  immediate  presence  at  Scran- 
ton,  Pa.  (Lat  41**  25' N,  Long.  75**  45' W). 
Your  air  ship  is  in  good  condition,  and  you 
decide  to  take  the  shortest  possible  route  in 
order  to  reach  Scranton.  Unforfcunately, 
your  map  of  Pennsylvania. and  New  Jersey 
is  lost,  but  a  table  of  meridional  parts,  draw- 
ing materials,  and  a. compass  is  at  your 
disposal;  you  are  also  acquainted  with  the 
latitude  and  longitude  of  both  places.  All 
that  has  to  be  done  now  is  to  construct  a 
chart  similar  to  the  one  represented  in  Fig.  6, 
and  mark  down  on  it  the  positions  of  Tren- 
ton and  Scranton,  and  connect  the  two 
places  by  a  straight  line.  The  angle  that 
this  line  makes  with  one  of  the  meridians 
will  be  the  course  you  have  to  steer  in  order 


to  reach  Scranton  in  the  shortest  possible 
time.  Mea^oring  this  angle,  we  find  it  to 
be  33?  west  of  the  meridian;  hence,  the 
course  from  Trenton  to  Scranton  is  N  33**  W, 
c^  northwest  hy  north.  The  correctness  of 
this  may  be  verified  on  any  chart  the  reader 
may  posseep. 

From  what  has  been  shown,  it  is  evident 
that  by  the  aid  of  a  table  of  meridional 
parts,  the  construction  of  charts  on  Mer- 
catoi^s  projection  is  quite  simple,  and  can  be 
mastered  by  any  one  that  has  a  knowledge  of 
drawing  and  simple  arithmetic.  From  the 
nature  of  its  construction,  however,  the 
inexactness  of.  the  Mercator's  chart  fully 
reveals  itself  in  high  latitudes,  and  for  this 
reason  is  quite  impracticable .  for  polar  navi- 
gation. In  high  latitudes,  therefore,  charts 
are  not  constructed  on  the  Mercator's  pro- 
jection, but  on  the  gnomonic  projection, 
which  is  splendidly  adapted  for  maps  of  the 
polar  regions. 


THE  TWTELFTH  CENSUS 


TT  riTH  the  first  of  June  of  this  year  the 
VY  Twelfth  Census  begins.  This  is  an 
event  of  deep  significance  in  the  his- 
tory of  national  development  and  progress. 
Man  is  a  gregarious  animal;  and  ever  since 
Cain  proposed  the  question,  ''Am  I  my 
brother's  keeper?"  man  as  an  individual 
has  felt  a  deep  interest  in  man  as  a  mem- 
ber of  the  human  family.  Perhaps  the 
best  means  of  estimating  the  degree  of  civi- 
lization attained  by  a  country  is  found  in 
the  importance  attached  by  its  people  to  this 
national  inventory,  or  taking  of  stock.  No 
man  engaged  in  business,  if  he  has  any  of 
those  instincts  without  which  success  is 
impossible,  would  think  of  omitting  a  regular 
annual  inventory.  The  merchant  whose 
competition  no  rival  fears  always  omits  this 
business  formality;  and  the  chief  difference 
between  Proiiietheus  and  his  fittuous  brother 
EpimetheuB  was  in  this  stock-taking  instinct 
Nobody  knows  anything  to  speak  of  about 
China— the  population  of  her  cities,  her 
industries,  education,  and  various  activities. 
Hardly  had  Japan's  Renaissance  come  when 
she  b^n  to  measure  her  progress  by  insti- 
tuting a  government  census.  The  absence 
of  complete  industrial,  social,  and  political 
statistics  is  proof  positive  of  savagery  or 
semicivilization. 

The  enumerators,  whose  duty  it  is  to  ask  us 
so  many  questions  that  seem  impertinent. 


have  a  hard  time  of  it,  and  their  experiences 
have  always  furnished  the  material  for  many 
laugh-provoking  newspaper  paragraphs;  but 
no  person  of  real  intelligence  would  even 
think  of  resenting  any  of  theur  inquiries  any 
more  than  a  wise  business  man  would  of 
becoming  angry  when  questioned  by  a  rep- 
resentative of  Bradstreet.  These  officials  are 
subject  to  a  severe  penalty  for  any  fidluie 
to  treat  all  census  material  aa  confidential, 
and  no  one  should  hesitate  to  answer  frankly 
and  truthfully,  even  though  the  questions 
were  much  more  minute  and  searching  than 
they  are.  Just  what  these  questions  are 
is  clearly  indicated  in  the  circular  issued 
to  enumerators.  The  writer  has  carefully 
examined  this  circular,  and  he  can  positively 
state  that  not  one  question  seems  to  him 
superfiuous  or  really  impertinent  Each 
question  is  intended  to  elicit  information  that 
any  good  citizen  would  be  better  for  knowing. 
The  census  authorities  need  never  expect  to 
have  any  difficulties  with  persons  of  educsr 
tion  or  intelligence;  anger,  untruth,  and  eva- 
sion on  the  part  of  any  one  when  questioned 
in  the  manner  proposed  by  the  government, 
famish  excellent  proof  of  ignorance,  stu- 
pidity, and  the  absence  of  public  spirit  and 
a  proper  sense  of  political  obligation.  Such 
resentment  should  hurt  a  man's  reputation 
for  good  sense  as  much  as  a  public  admiasion 
of  his  belief  in  witchcraft 
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R.  B.  ^A;^illiameon,  M.  E. 

Preparation  op  Lead  Platis — Applying  the  Active  Material — Type  op  Battery  Jar. 
Mounting  Plates  in  Jar — Charging 


THERE  is  much  more  work  connected 
with  the  making  of  a  etorage  battery 
than  with  the  making  of  an  ordinary 
primary  cell.  For  this  reaaon,  storage  bat- 
teries are  more  expensive  than  primary 
batteries,  and  the  amateor  is  all  the  more 
anxious  on  this  acooont  to  make  them  for 
himself,  aside  from  the  knowledge  gained  by 
doing  so.  It  may  be  said  at  the  outset 
that,  if  one  counted  time  as  worth  any- 
thing, it  would  be  as  cheap  to  buy  the  cells  as 
to  make  them;  but  the  amateur  usually  con- 
siders time  as  of  no  consequence  if  he  can 
make  a  cell  that  will  work  satis&ctorily. 

The  cell  we  will  describe  has  what  is 
known  as  patted  plates;  L  e.,  the  active 
material  is  applied  to  the  lead  plates  of  the 
battery  in  the  form  of  a  paste,  instead  of 


Fio.  1 


being  built  up  by  repeatedly  charging  and 
diflchaiging.  Cells  made  by  b6th  processes 
are  in  common  use,  and  each  kind  has  its 
peculiar  iMivantages  and  disadvantages.  It 
would,  however,  be  out  of  place  to  take 
these  up  in  connection  with  this  article. 

About  13  pounds  of  lead  per  cell  wUl  be 
required.  This  should  be  in  the  shape  of 
sheet  lead,  as  in  this  form  it  may  at  once 
be  cut  up  into  the  plates  required.  In 
this  cell  it  is  necessary  to  have  the  two 
end  plates  ^  inch  thick,  while  the  center 
plates  need  be  only  i  inch  thick.  If 
sheet  lead  is  used,  a  sufficient  amount  of 
A-inch  sheet  should  be  obtained  to  make 
two  plates  for  each  cell.  Fig.  1  shows  the 
shape  of  the  plates.  The  main  part  is  3|  in. 
X  4}  in.,  and  a  tongue  1}  in.  X  2^  in.  is 
provided  for  attaching  the  plates  to  the  ter- 
minals.   For  each  cell  two  thick  plates  and 


eight  i-inch  plates  will  be  required.  In 
cutting  out  the  plates  it  is  best  to  lay  them 
out  as  shown  in  Fig.  2,  in  order  to  avoid 
waste  of  material.    One  side  of  each  of  these 
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Fig.  2 

plates  must  now  be  roughened;  in  order  to 
make  it  hold  the  active  material.  To  make 
sure  that  the  proper  sides  of  the  plates  are 
roughened,  we  will  refer  to  Fig.  3,  which 
shows  the  relative  arrangement  of  the  plates 
in  the  cell,  as  viewed  from  the  top.  It  is 
not  possible  to  roughen  both  sides  of  the 
plates  by  the  method  described  later,  because 
the  roughening  up  of  one  side  would  flatten 
out  the  other;  for  this  reason  the  middle 
plates  are  made  up  of  two  thinner  plates, 
placed  back  to  back,  as  shown.  It  is  best  to 
make  up  the  plates  in  pairs,  and  then  no  con- 
fusion will  result  as  to  the  proper  side  to  be 
roughed  up  to  bring  the  lugs  in  the  right 
position. 

The  plates  may  be  roughened  up  as 
follows:  Procure  an  old  wood  chisel  that 
is  anywhere  from  }  to  1  inch  in  width; 
draw  the  temper  by  heating  it  carefully 
to  a  dull  red  heat,  and  allow  it  to  cool 
slowly.  After  this 


has  been  done,flle 
some  nicks  in  the 
edge  by  means  of 
a  three-cornered 
file,  and  the  result 
will  be  a  tool  simi- 
lar to  that  shown 
in  Fig.  4.  The 
nicks  shoiild  be 
rather  coarse; 
about  i  inch  between  centers  will  answer 
quite  well.  Take  a  good  solid  block  of  wood 
that  .is  perfectly  flat,  and  nail  a  deat  across 
it  as  shown  in  Fig.  5;  place  the  bottom  of  the 
plate  against  the  cleat,  and  on  the  upper  side 
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place  the  Borface  to  be  nicked.  The  block 
should  either  be  screwed  to  the  bench  or 
held  by  a  carpenter's  damp.  Be  sore  that 
you  have  the  proper  side  of  the  plate  up 
before  you  begin,  and 
also  be  sure  that  the 
bottom  end  of  the  plate 
is  against  the  deat  as 
shown.  If  these  points 
are  not  watched,  you 
may  find  that  by  the 
time  the  plate  is  com- 
pleted you  have  the 
wrong  side  nicked  and 
that  it  wUl  not  corre- 
spond to  the  other 
plates  for  the  oelL  Start 
at  the  bottom  of  the 
plate,  hold  the  tool  at 
an  angle  a  little  lees 
than  46®  with  the  bench, 
and  by  means  of  a  mallet  drive  the  tool  into 
the  lead.  Do  not  drive  the  tool  in  more  than 
about  one- third  the  thickness  of  the  plate; 
and  before  withdrawing  it  tUt  it  up  by  an 
upward  swinging  motion  of  the  arm.  This 
will  force  the  lead  out,  and  make  the  pockets 
larger  than  if  the  tool  were  simply  driven 
in  and  then  withdrawn.  Draw  the  tool 
back  an  equal  distance  after  each  cut,  until 
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a  row  of  cuts  has  been  made  the  whole 
length  of  the  plate;  another  row  may  then 
be  started,  and  so  on  until  the  plate  is 
completed.    The  cutting   should   be   done 


Fig.  6 


neatly  and  uniformly,  so  that  the  plate  will 
have  much  the  appearance  of  a  coarse  rasp 
file  after  it  is  finished.  These  nicks  all 
point  upward  when  the  plates  are  stood  on 
end  in  the  cell,  and  they  will  thus  retain 
the  active  material  placed  in  them.  In 
nicking  these 
plates,  care 
should  be  ta- 
ken not  to  cut 
them  too  deep, 
or  the  plate 
may  be  so 
weakened  that 
it  will  warp 
out  of  shape 
when  used  in 
the  battery. 

After  the 
plates  have  all 
been  picked 
as  described 
above,  the  next  step  is  to  apply  the  active 
material  to  them.  The  material  for  the  posi- 
tive plates  is  red  lead,  or  minium  Pi>^0^, 
This  should  be  made  up  into  a  stiff  paste, 
using  dilute  sulphuric  add  to  mix  with  it. 
The  paste  may  be  rubbed  into  the  pock^a 
on  the  plate  with  a  fiat  stick  by  placing 
some  of  the  paste  on  the  plate  and  drawing 
the  stick  from  the  top  toward  the  bottom. 
This*  process  should  be  continued  until  the 
plate  is  evenly  covered  with  the  material 
and  all  the  pockets  filled.  Plates  i,  S,  5, 
Fig.  3,  should  be  filled  with  this  material. 
The  paste  for  the  negative  plates  is  made 
of  litharge  PbO  (lead  oxide),  made  up  into 
a  thick  paste  with  sulphuric  add  as  before. 
Plates  f ,  4,  and  6,  Fig.  3,  are  treated  with 
this  paste,  thus  making  three  positive  and 
three  negative 
plates  per  cdl. 
After  the 
plates  have 
been  coated, 
they  should  be 
allowed  to  dry 
slowly  until 
the  paste  be- 
comes perfect- 
ly hard.  It  will  not  do  to  dry  these  plates 
too  fast,  because  if  this  is  done  the  material 
is  apt  to  crack  and  become  loose. 

The  plates  are  now  prepared  and  ready 
to  be  mounted  in  the  glass  jar.  The  best 
kind  of  jar  for  this  purpose  is  the  regular 
storage-battery  type,  which  is  rectangular  in 
shape,  although  almost  any  style  of  jar 
might  be  used.    We  will  use  a  standard 
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battery  jar  like  that  shown  in  Fig.  6.  These 
jars  are  about  4i  in.  X  5i  in.  X  ^i  in.,  and 
have  two  ridges  in  the  bottom,  on  which 
the  plates  rest  This  allows  any  material 
that  may  &11  off  the  plates  to  accnmolate 
in  the  bottom  of  the  cell  without  short- 
drcniting  it.  These  jars  may  be  obtained 
through  electrical  supply  houses;  they  cost 
about  25  cents  each.  The  plates  should  be 
arranged  in  the  cell  in  the  order  shown  in 
Fig.  3,  and  should  be  held  in  place  by  strips 
of  hard  rubber  or  by  glass  rods  placed 
between  them ;  the  hard  rubber  is  preferable, 
as  it  does  not  break  so  easily.  The  plates 
should  just  be  wedged  tight  enough  to  hold 
them  in  place  between  the  end  walls  of  the 
jar.  There  is  no  need  of  very  tight  wedging, 
as  it  is  only  Ijable  to  break  the  jar,  and, 
besides,  the  lead  terminals  to  be  put  on 
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later  help  to  hold  the  plates  in  place.  The 
plates  should  be  spaced  about  equally,  and 
there  should  be  room  for  about  A  or  i  inch 
clearance  between  them.  This  clearance 
will  depend  largely  on  how  the  plates  have 
been  roughened;  the  main  thing  to  look  out 
for  is  to  see  that  none  of  the  plates  come 
so  dose  together  that  there  is  any  danger 
of  touching. 

After  the  plates  have  been  arranged  in  the 
cell  they  must  be  connected  together  by 
means  of  lead  terminal  pieces.  Two  pieces, 
of  the  shape  shown  in  Fig.  7,  will  be  required 
for  each  celL  These  should  be  cut  out  of 
i^inch  sheet  lead,  and  should  have  three 
slots  cut  in  them,  as  shown,  to  receive  the 
lugs  on  the  plates.  The  openings  in  the  ter- 
minals should  correspond  to  the  lugs  on  the 
plates,  although  the  latter  may  be  easily 


bent  into  place  if  they  do  not  match  exactly. 
The  lugs  on  the  plates  should  now  be  trimmed 
off  until  they  are  of  the  same  height,  and  the 
terminals  should  be  fitted  over  them  so  that 
the  lugs  pass  snugly  through  the  slots  and 
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come  about  i  inch  abbve  the  upper  surface. 
When  this  has  been  done,  the  terminals  and 
lugs  should  be '  *  burned ' '  or  soldered  together. 
Burning  is  by  fiur  the  better  method,  but 
unfortunately  it  is  not  an  operation  that  is 
easily  performed  unless  one  has  had  a  certain 
amount  of  experience.  It  consists  in  losing 
the  lead  at  the  point  where  the  plates  are  to 
be  united,  and,  unless  an  exx>ert  in  the  use 
of  the  blowpipe,  one  is  apt  to  melt  a  large 
portion  of  the  plate. 

The  terminals  may  be  burned  on  as  fol- 
lows: Thoroughly  dean  the  holes  in  the 
terminals,  and  also  that  part  of  the  lug  which 
projects  through  the  terminal  plate,  and 
scrape  the  upper  surface  of  the  terminal  plate 
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for  about  ^^  inch  all  around  the  lugs,  as 
shown  in  Fig.  8.  Use  a  small  gas  flame,  as 
shown,  and  with  a  blowpipe  melt  down 
the  part  of  the  lug  that  projects  above  the 
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terminal  plate.  If  this  is  properly  done,  the 
lug  and  the  terminal  plate  will  become  fused 
together,  thus  making  a  strong  joint  and  a 
good  electrical  contact.  In  burning  the  joint, 
Yeager's  soldering  salts  should  be  used  as 
a  flux. 

Soldering  is  more  easily  carried  out,  but  it 
does  not  make  as  permanent  a  job;  however, 
it  will  work  all  right  for  a  long  time  if  it  is 
well  done.  Besin  may  be  used  as  a  flux. 
Care  must  be  taken  in  handling  the  soldering 
iron,  or,  by  the  time  the  terminals  are  sol- 
dered on,  a  good  part  of  them  will  be  melted 
out  of  shape.  After  the  terminals  have  been 
attached,  the  cell  is  complete  so  far  as  its 
mechanical  construction  is  concerned.  Fig.  9 
shows  the  finished  cell.  The  lugs  form 
the  terminals  of  the  cell;  and  if  a  number 
are  to  be  connected  together,  the  positive 
terminal  of  one  cell  is  connected  to  the 
negative  of  the  next  by  burning  these  lugs 
together.  Binding  posts  are  not  used, 
because  they  become  corroded  'in  a  short 
time. 

The  cell  is  now  filled  with  the  electrolyte, 
which  is  composed  of  1  part  by  weight  of 
sulphuric  acid  to  2  parts  of  water.  The 
specific  gravity  of  the  solution  should  be 
between  1.17  and  1.20.  It  is  well  to  test  this 
if  a  hydrometer  can  be  obtained,  because  the 
satis&ctory  performance  of  the  cell  depends 
very  largely  on  the  proper  density  of  the 
electrolyte.  If  the  density  is  low,  more  acid 
should  be  added;  if  too  high,  it  should  be 
diluted  with  water.  The  liquid  should  come 
well  over  the  tops  of  the  plates,  so  that  the 
main  part  of  the  plates  will  be  entirely  sub- 
merge. 

The  last  thing  to  be  done  is  to  charge 
the  battery.  The  plates  to  which  the  red 
lead  was  applied  form  the  i>ositive  pole  of 
the  battery,  or  the  pole  from  which  the 
current  will  flow  whrai  the  battery  is 
discharging.  When  the  battery  is  being 
charged,  it  must  be  connected  so  that  the 
charging  current  will  flow  in  at  this  pole; 
i.  e.,  the  positive  pole  of  the  battery  must  be 
connected  to  the  positive  pole  of  the  dynamo 
or  to  the  positive  side  of  the  line  from  which 
the  battery  is  charged.  The  connections  for 
charging  are  shown  in  Fig.  10.  The  proper 
direction  of  the  current  may  be  ascertained 
by  means  of  a  compass  held  under  the  wire 
connected  to  the  positive  pole;  the  north  end 


of  the  needle  will  swing  toward  the  left. 
An  ammeter  and  adjustable  resistance  should 
also  be  included  in  the  circuit,  in  order  that 
the  current  may  be  properly  regulated.  The 
charging  current  should  be  adjusted  to  about 
2  amperes,  and  the  cells  allowed  to  chai^ge 
up  fully.  The  positive  plates  will  gradually 
become  dark  brown  in  color,  and  the  nega- 
tive plates  wUl  take  on  a  grayish  tinge. 
When  the  cells  have  become  fully  charged, 
they  will  give  off  gas  freely,  and  it  will 
probably  take  at  least  10  or  12  hours  to  bring 
them  to  this  condition. 

The  capacity  of  a  cell  made  as  described 
above  is  about  3  amperes  for  6  hours,  at  an 
average  pressure  of  about  2  volts.  Of  course, 
the  cell  will  give  a  larger  current  than  thiB 
for  short  intervals,  but  it  is  not  advisable  or 
economical  to  draw  heavy  currents  from  the 
cells,  as  it  materially  shortebs  their  life.  A 
battery  of  ten  of  these  cells  should  be  capable 
of  running  a  16-candlepower  20-volt  lamp  for 
about  5  hours.  The  same  battery  would  run 
a  ^horsepower  motor  for  about  5  hours. 
Should  it  be  necessary  to  secure  a  larger  car- 
rent  output  than  3  amperes,  the  cells  may  be 
connected  in  parallel  when  discharging,  thus 
adding  the  current  output  of  each  group. 
The  price  of  a  commercial  form  of  cell  of  this 
capacity  is  about  $3.75,  and  the  materials  for 
making  the  cell  described  would  probably 
cost  in  the  neighborhood  of  1 1.75  or  $2.00, 
assuming  that  sheet  lead  is  Worth  8  cents  a 
pound. 

In  connection  with  the  construction  of  this 
battery  it  may  be  mentioned  that,  if  it  is 
not  possible  to  procure  rolled  lead  for  the 
plates,  they  may  be  cast.  The  cast  plate  is 
not  of  as  good  quality,  as  it  is  not  so  dense 
or  so  even  as  the  rolled  plate;  but  if  care  is 
taken  a  good  plate  may  be  niade  by  casting  it, 
and  thus  utilizing  comparatively  inexpensive 
scrap  metal.  Ordinary  round  battery  jars 
may  also  be  used,  the  plates  being  held 
together  by  heavy  rubber  bands,  instead  of 
being  wedged  against  the  jar.  If  a  flat- 
bottomed  jar  is  used,  a  couple  of  pieces  of 
heavy  glass  rod  should  be  laid  in  the  bottom, 
in  order  to  raise  the  plates  so  that  they  will 
not  be  short-circuited  by  any  dirt  that  may 
accumulate.  The  battery  will  work  just 
as  well  in  the  circular  jar,  but  it  will  occupy 
more  space — hence  the  reason  for  using  the 
rectangular  jars. 
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Fittings 


THE  piping  of  Bteam  plants  apparently 
does  not  receive  the  amount  of  con- 
fliderstion  and  attention  that  its  impor- 
tance demands.  Engineers  and  others  con- 
cerned in  the  installation  of  plants,  or  the 
remodeling  of  those  ahready  in  existence, 
seem  to  give  their  attention  mostly  to  every- 
thing else  but  the  piping — anything  and 
everything  (except  it  be  grievously  wrong) 
seems  to  be  passable  until  the  evil  effects 
show  up  on  some  fature  occasion,  perhaiw 
when  the  time  to  make  the  necessary  repaurs 
or  alterations  can  be  ill  afforded.  Usually, 
in  each  cases,  the  part  affected  is  hastUy 
renewed  to  bridge  over  a  certain  period, 
which  may  perhaps  be  extended  beyond  its 
due  limits  owing  to  other  happenings  in  the 
plant  requiring  attention;  and  so,  time  after 
time,  when  occasion  demands,  alterations 
and  complete  changes  must  be  made  to  meet 
the  requirements  and  conditions  not  taken 
into  consideration  at  the  outset.  Of  course, 
the  writer  is  aware  of  the  rule  of  exception, 
for  there  are  plants  where  the  piping  has 
been  carefully  considered  even  to  the  small- 
est detail,  and  it  is  noticeable,  in  such  places, 
that  the  constant  services  of  a  steam  fitter 
are  not  required.  If,  in  the  first  place,  the 
piping  is  properly  designed,  the  proper 
material  used,  and  lastly,  the  proper  care 
given  it,  why  should  it  be  constantly  tinkered 
with,  taken  down,  and  altered? 

Of  course,  new  conditions  may  arise  or 
new  requirements  come  into  existence  that 
will  necessitate  alterations  and  extensions 
entirely  unexpected  at  the  time  of  the 
or^;inal  installation,  but  it  will  always  be 
found  advantageous  to  make  allowances  for 
all  poerible  future  additions  to  the  piping, 
so  that  little  or  no  inconvenience  may  be 
felt  by  any  one  oonc«med. 

Every  plant  has,  to  a  certain  extent,  a 
system  of  piping  peculiar  to  itself,  and 
governed  laxgely  by  the  surrounding  con- 
ditionfl,  locality,  and  the  nature  of  the  work 
the  plant  has  to  perform.  But  in  any  case 
certain  principles  and  requirements  should 
be  obeerved,  if  the  plant  is  to  attain  any 
degree  of  success.  There  are  many  points 
to  be  considered  in  designing  the  piping  for 
a  steam  plant     It  should  be  remembered 


that  piping  is  an  expensive  job  at  the  best, 
and  that  while  it  is  desirable  to  curtail  the 
first  cost,  that  is,  install  a  job  as  cheaply  as 
possible,  it  is  also  desirable  to  so  design  it  as 
to  give  the  best  results  for  the  longest 
period  of  time. 

Piping  may  be  classified  as  follows:  The 
main  steam  pipe,  running  from  the  boiler  or 
boilers  to  the  engines;  the  exhaust  pipes, 
running  from  the  engines  to  the  atmos- 
phere or  to  the  condenser,  or  to  both;  the 
system  of  drain  pipes,  which  keep  the  main 
steam  pipes  free  of  condensation;  the  steam 
supply  to  the  pumps  and  other  auxiliary 
apjparatus  that  may  be  contained  in  the 
plant;  the  feedpipes  to  the  boUers;  the 
piping  of  the  steam-heating  system,  with 
its  returns  and  methods  of  taking  care  of 
the  condensation;  and  lastly,  the  various 
miscellaneous  piping  that  is  more  or  less 
contained  in  the  average  plant. 

Each  of  these  classes  of  piping  has  its 
own  peculiar  office  in  the  plant,  and  requires 
to  be  designed  to  meet  the  requirements 
and  conditions  that  are  to  control  them. 

Piping,  for  the  most  part,  consists  of 
wrought-iron  welded  pipes  running  in  size 
from  i  inch  to  16  inches,  the  smaller  sizes 
being  ''butt- welded,"  while  the  larger  sizes 
are  ''lap- welded."  The  pipes  of  this  class 
are  connected  together  by  screwed  joints — 
a  thread  being  cut  at  each  end  of  each  pipe 
and  screwed  into  a  fitting  that  has  a  tapped 
hole  to  suit  the  pipe.  The  joint  is  made 
tight  by  having  the  thread  tapered,  both  on 
the  pipe  and  in  the  fitting,  and  screwing 
them  together  sufficiently.  It  would,  per- 
haps, be  well  to  mention  here  that  there  is 
such  a  thing  as  screwing  a  pipe  in  too  tight, 
that  is,  straining  it,  with  the  result  that  a 
leak  will  follow.  A  man  working  on  this 
class  of  work  very  soon  acquires  a  sense  of 
touch  that  teaches  him  how  tight  to  make 
up  his  joints  without  straining  the  threads, 
in  order  to  gain  the  desired  result — ^that  of 
making  a  steam-  or  water-tight  joint. 

Cast-iron  pipes  are  also  used  in  steam 
plants  for  exhaust  from  the  engines  (where 
large  units  are  in  operation),  and  in  some 
cases  it  is  customary  to  have  the  main  feed- 
line,  supplying  the  individual  feedpipes  to 
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their  respectiye  boilers,  made  up  of  cut-iron 
pipes.  These  pipes  are  not  threaded  like 
the  wrought-iron  ones,  but  instead  are  joined 
together  by  flanges  through  which  bolts 
pass,  with  nuts  to  tighten  the  joints.  Some- 
times these  flanges  are  fkced  in  the  lathe  to 
a  plane  sorface,  and  when  ready  to  nnite 
the  different  lengths  of  pipe,  a  piece  of  some 
snitable  material  (of  which  there  is  plenty 
to  select  from  in  engineers'  supply  houses) 
is  introduced  between  the  "fkced"  flanges, 
which  are  drawn  tightly  together  by  the 
bolts. 

Again,  there  is  the  "male  and  female" 
flange,  used  not  only  on  cast-iron  pipes,  but 
also  on  wrought-iron.  Thia  joint,  shown  in 
the  accompanying  illustration  applied  to  a 
wrought-iron  pipe,  has  a  drcular  groove  cut 
in  one  flange  and  a  corresponding  projection 
left  on  the  other,  the  section  of  each  being 
rectangular;  suitable  material  is  inserted  in 
the  groove  and  pressed  against  by  the  pro- 
jection, or  UmgWf  as  it  might  be  called.  The 
kind  of  material  used  between  the  flanges  is 
altogether  a  matter  of  choice,  and  as  there 


are  many  good  "  packings,"  as  they  are 
called,  to  be  obtained,  it  would  be  a  waste 
of  valuable  space  to  enter  into  the  details  of 
the  various  kinds  that  may  be  used. 

Cast-iron  pipes  are  also  used  for  the  injec- 
tion water  system  for  the  condensers  of  large 
engines,  where  there  are  two  or  more  to  be 
supplied,  necessitating  the  use  of  a  pipe  of 
large  diameter  in  oider  that  a  sufficient 
quantity  of  water  may  be  delivered.  These 
pipes  are  laid  in  a  similar  manner  to  the 
city  water  supply  pipes  that  we  occasionally 
get  a  glimpse  at  when  a  street  is  opened  up 
to  make  repairs  or  lay  new  pipes. 

Brass  and  copper  piping  is  also  used  in 
certain  places  in  the  steam  plant.  In  a 
well-designed  plant,  where  symmetry  has 
been  considered,  and  things  ornamental  are 
desired,  it  is  customary  to  have  aU  of  the 
small  piping  about  the  engines,  such  as 
the  piping  to  which  the  indicator  may  be 
attached,  that  leading  to  the  cylinders,  and 
also  the  lubrication  and  oil-supply  pipes,  of 


nickelplated  brass;  in  short,  aU  the  piping 
about  the  engine  may  be  of  brass,  with  the 
exception  of  the  main  steam  pipe,  and  the 
exhaust  pipe.  Of  course,  braes  pipes  are 
more  expensive  than  iron  pipes,  but  they 
make  a  much  neater  job.  Sometimes  the 
feedpipes  are  made  of  brass;  when  kept 
bright  and  dean,  they  add  greatly  to  the 
appearance  of  the  boiler  fronts.  Of  course, 
there  are  many  plants  in  which  the  use  of 
brass  pipes  is  reduced  to  a  minimum,  and 
in  some  nothing  but  iron  ia  used. 

Copper  pipes  are  occasionally  used  for 
feedpipes  to  the  boilers;  for  the  pipes  con- 
necting the  water  column,  top  and  bottom, 
to  the  boiler;  and  for  various  gauges.  In 
many  steamships  the  principal  pipes  are 
made  of  copper,  such  as  the  main  steam 
pipe,  the  feedpipes,  the  surftce  and  bottom 
blow  pipes,  the  gauge  pipe,  the  suction  pipes 
of  all  the  pumps,  the  main  injection,  uid 
the  discharge  from  all  the  pumps.  Copper 
pipes  are  made  sufficiently  strong  to  with- 
stand the  stress  to  which  they  may  be  sub- 
jected by  the  ordinary  pressures  in  use. 
Being  non-corrosive,  they  usually  outlive 
the  apparatus  to  which  they  are  connected. 
Copper  pipes  most  frequently  have  brass 
flanges  attached,  brass  being,  in  general, 
more  suitable.  The  pipe  is  extended  through 
the  flange  sufficiently  to  permit  of  its  being 
hammered  over  into  a  countersunk  portion 
of  the  flange  prepared  for  it  It  is  fturther 
made  durable  and  tight  by  braiing  the 
flange  to  the  pipe.  In  large  copper  pipes 
and  main  steam  pipes  to  the  engine,  the 
brass  flange  has  an  extension  through  which 
the  pipe  passes.  In  addition  to  the  pipe 
being  riveted  over  at  the  end  and  brazed,  it 
is  Airther  strengthened  by  a  row  of  riv^a  that 
fastens  the  pipe  to  the  collar  of  the  flange. 

Each  of  these  different  pipes  in  use  has  its 
own  peculiar  advantages  for  the  place  and 
purpose  designed.  Care  should  be  taken  to 
make  a  proper  selection  when  installing  a 
new  plant  or  refltting  an  old  one,  not  count- 
ing so  much  on  the  first  cost  as  on  the 
possible— yes,  probable-— many  fdture  costs 
that  will  be  incurred  owing  to  improper 
material,  and  the  introduction  of  hurried 
and  slighted  workmanship.  In  consequence 
of  this  comes  a  train  of  evila— parts  of  piping 
and  fittings  give  out  at  a  time  when  they  are 
most  required,  involving  a  stopping  of  a 
part,  or,  perhaps,  the  whole  of  the  plant 
Then  comes  a  hurried  repair,  when  any- 
thing that  is  handy  is  pressed  into  service, 
with  the  expression  ''good  enough"  accom- 
panying it 
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It  Bometimes  happens  that  when  such  a 
repair  as  the  above  has  been  made,  it  is 
allowed  to  remain  indefinitely,  just  as  it  was 
left;  and  while  it  may  apparently  be  all 
lighty  yet  there  is  no  recwmable  certainty 
about  it;  and  if  the  cost  of  such  repair— and 
sabaequent  ones— had  been  credited  to  the 
joat  cost  of  a  properly  designed  and  con- 
stracted  system  of  piping  in  the  plant,  such 
a  giying  out  would,  in  all  probability,  not 
haye  occurred.  It  is  not  only  the  cost  of 
repairs  themselves  we  have  to  consider,  but 
the  loss  incidental  to  a  shut  down,  that  is 
sustained  in  other  ways. 

Not  only  should  the  piping  in  a  steam 
plant  be  first  dass  in  every  respect,  because 
of  the  stresses  it  has  to  resist  in  the  natural 
order  of  things,  but  also,  and  more  particu- 
larly so,  on  account  of  the  unnatural  and 


unusual  stresses  that  sometimes  have  to  be 
resisted.  There  is  no  doubt  that  many  an 
accident  has  been  averted  by  an  intelligent 
and  carefbl  designer,  who  did  think  of 
future  possibilities  and  probabilities.  The 
above  has  a  general  application,  and  now, 
before  closing  this  portion  of  the  sub- 
ject, a  few  words  about  pipe  fittings,  con- 
nections, and  attachments:  The  various 
fittings  that  are  used  in  connection  with  the 
piping  in  a  plant  are  known  by  individual 
names,  and  each  one  has  a  peculiar  office  to 
fill.  There  are  valves  of  various  kinds  for 
the  different  purposes  required;  elbows,  tees, 
couplings,  unions  (Cpr  there  is  a  difierence 
between  a  coupling  and  a  union),  reducing 
couplings,  bu^iings,  crosses,  plugb,  caps, 
and  nipples;  all  these  go  to  make  up  the 
pipe  fittings  in  the  steam  plant 
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Composition  and  Pbopbrties — ^Itb  Value  as  a  Pbotbctor  for  Iron  and  Stbbl  Against 

FiRE'AND  Corrosion 


CINDER  concrete,  owing  to  its  fire-resisting 
qualities,  has  long  been  recognized  as  a 
building  material  of  considerable  value; 
but  much  skepticism  has  prevailed  regarding 
its  use  in  coigunction  with  structural  steel 
or  iron,  on  account  of  the  corrosive  action  of 
moiat  ashes  or  cinders  in  contact  with  that 


Aa  a  fireproofing,  or,  more  properly,  fire- 
reaJBting,  material  (for  there  is  nothing  that  is 
actually  fireproof)  it  can  hardly  be  equaled, 
from  the  fact  that  its  usual  composition  oon- 
sista  of  the  three  extremely  refractory  mate- 
rials: Portland  cement,  dean  sharp  sand, 
and  steam  ashes.  Good  Portland  cement 
is  manufactured  at  a  temperature  of  from 
2,600^  to  3,000''  F. ;  sand  does  not  fuse  much 
under  2,900^;  and  cinders  are  produced  at 
temperatures  ranging  i^m  2,600"*  to  2,900^, 
measured  on  the  same  scale.  From  this  it  is 
evident  that  any  of  the  three  elements  form- 
ing the  concrete  is  sufficiently  refractory  to 
resist  the  highest  temperature  that  is  usiuLlly 
attained  in  conflagrations,  which  has  been 
definitely  ascertained  to  be  not  over  2,300°  F. 

It  is  not  sufficient,  however,  that  a  mate- 
rialf  in  order  to  be  adapted  for  fireproofing, 
should  only  be  fire-resisting,  but  it  must  be 
fire-  and  water-resisting;  that  is,  when  it  is 


heated  to  a  high  temperature  and  water 
played  on  it,  suoh  internal  strains  must  not 
be  created  as  will  crack  or  disintegrate  the 
material.  AU  concrotes  composed  of  natural 
stone,  such  as  granite,  limestone,  sandstone, 
and  trap  rock  are  not  the  best  fireproofing 
materials,  from  the  fact  that  these  stones, 
when  heated  to  about  2,000°  F.  and  sud- 
denly cooled,  split  from  the  sudden  contrac- 
tion, and  consequently  damage  the  homo- 
geneousness  of  the  concrete.  The  splitting 
of  the  stones  is  due  to  their  compact  struc- 
ture, which  does  not  permit  of  such  rapid 
chmikges  of  form  produced  by  the  rapid 
lowering  of  the  temperature.  The  aggregate 
of  cinder  concrete,  that  is  the  steam  ashes» 
is  more  porous  than  stone,  and  adapts  itself 
more  readily  to  contraction  by  sudden  cool- 
ing, being,  as  has  been  proved  by  extensive 
experiments,  little  subjected  to  disintegra- 
tion under  such  conditions. 

Cinder  concrete  is  all  the  better  for  being 
laid  loose,  as  when  not  tamped  its  porosity 
is  retained,  its  weight  much  reduced,  and 
its  strength  sufficient  for  all  purposes  in 
which  it  is  likely  to  be  employed.  These 
several  properties  make  it  an  excellent 
material  for  fireproof  floor  construction,  as 
its  porosity  increases  its  natural  refractory 
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property;  its  lightnefls  is  inyaltiable  from  iftn 
economical  point  of  view,  as  lighter  beams, 
colnmns,  and  girders  can  be  used  throoghout 
the  building;  its  strength,  when  reenforoed 
at  the  ander  surface  with  bars  of  iron,  is 
astonishing,  and  is  such  that  it  will  sustain 
the  heaviest  loads  it  will  ever  be  called  on 
to  carry,  and  will  even  sustain  the  severe 
blows  of  suddenly  applied  loads  without 
showing  signs  of  distress. 

Not  only  is  cinder  concrete  capable  of 
resisting  high  temperatures,  but  on  account 
of  its  structure,  when  laid  in  freesing  weather, 
it  undergoes  less  deterioration  than  concrete 
made  of  stone,  and  work  of  this  material  put 
in  place^at  low  temperature  has  been  found 
to  suffer  very  little  afterwards.  Though  the 
laying  of  any  material  in  which  the  matrix 
is  Portland  cement  should  not  be  conducted 
when  the  thermometer  is  below  28^  or  30^  F., 
cinder  concrete,  in  case  of  necessity,  can  be 
laid  at  a  much  lower  temperature,  especially 
if  it  is  being  used  in  floor  construction  where 
the  centers  supporting  the  material  are  of 
such  open  construction  as  to  allow  the  sur- 
plus water  to  drain  away  before  freezing 
can  take  place  in  the  body  of  the  concrete. 
The  nature  of  the  material  allows  this  to  be 
accomplished  more  rapidly  than  would  occur 
with  other  concretes. 

Any  one  experienced  in  construction  work 
has  observed  the  rapid  and  complete  destruc- 
tion of  iron  or  steel  when  in  contact  with 
damp  ashes  or  cinders,  and  has,  no  doubt, 
noticed  that  even  cast-iron  pipes  running 
through  cinder  banks  oxidize  rapidly,  and 
in  a  short  time  are  unfit  for  use.  Hence  it 
is  only  natural  that  on  this  account  cinders 
as  aggregate  for  concrete  should  be  looked 
upon  with  some  disfieivor  by  those  who  con- 
template using  that  material  in  coigunction 
with  steel  or  iron. 

The  active  agents  producing  corrosion  are 
three:  water,  carbonic  add,  and  sulphuric 
add.  The  water  and  carbonic  add  occur  in 
the  atmosphere,  and  if  allowed  to  come  in 
contact  with  the  bare  metal  will  cause  cor- 
rosion. Where  the  metal  is  embedded  in 
the  concrete,  however,  there  is  little  chance 
of  this  occurring,  and  no  more  opportunity 
is  offered  by  the  use  of  cinder  concrete  than 
in  others  in  which  the  prindpal  ingredient 
is  stone,  the  cement  in  any  case  being  the 
protective  material. 


That  cement  will  protect  iron  and  steel 
from  corrosion  indefinitely,  is  well  known 
from  observation  and  experiments,  and  if  it 
protects  the'  metal  against  the  action  of 
moisture  and  carbonic  acid,  it  is  reasonable 
to  suppose  that,  if  the  cinders  are  embedded 
in  a  suffident  matrix  of  cement  mortar, 
there  will  be  no  action  on  the  metal  due  to 
the  sulphuric  acid,  or  to  sulphur,  as  sulphide, 
in  the  cinders.  Suffident  matrix,  in  order 
to  completely  protect  bare  iron  or  steel,  can 
only  be  had  in  complete  dnder  concrete, 
which  is  obtained  by  the  proportions  of  1  of 
sand,  2.75  of  cement,  and  4.75  of  dnder. 
Such  a  concrete  is  not  nearly  so  good  a  fire- 
and  water-resisting  material  as  the  usual 
mixture  of  1,  2,  and  5,  and  is  not  as  prac- 
ticable, for  it  is  heavier,  and  is  not  in  accord- 
ance with  the  building  ordinances,  as  usually 
framed  in  the  principal  dties. 

Though  the  usual  concrete  in  the  propor- 
tion of  1,  2,  and  5  will  not  entirely  protect 
bare  iron  or  sted,  and  some  oxidation  wiU 
take  place  more  or  less  rapidly,  depending 
on  the  absence  or  presence  of  moisture,  it  is 
hardly  likdy  that  the  corrodon  will  be  seri- 
ous with  the  iron  or  steel  used  in  the  ordi- 
narily dry  atmosphere  between  the  floors  of 
a  building.  The  concrete,  however,  contains 
considerable  moisture  when  it  is  first  laid, 
and  an  initial  corrodon  is  likdy  to  take 
place  before  the  concrete  has  dried  out  In 
order  to  avoid  this  initial  corrosion,  which 
is  serious,  for  when  it  once  starts  it  is 
liable  to  continue,  owing  to  chenucal  action 
and  reaction,  the  iron  or  sted  should  be 
painted  with  some  good  paint,  preferably 
one  fr'ee  from  oUs  that  are  likdy  to  be 
affected  by  acids  and  alkalies.  Some  paint 
of  the  asphaltum  variety  would  probably  be 
best. 

Since  meager  concrete  in  the  proportion  of 
1,  2,  and  5  fisuls  to  entirely  protect  bare  iron 
or  steel,  it  would  be  good  practice,  where 
possible,  to  cover  the  metal  with  a  thin  coat 
or  layer  of  cement  mortar  of  1  part  Portland 
cement  and  2.75  parts  of  sand,  and  then 
follow  with  the  concrete.  If  this  is  done, 
the  concrete  will  not  come  in  contact  with 
the  metal,  and  the  sted  or  iron  will  be  fhlly 
protected  from  corrodon,  which,  though 
slight  and  probably  locaUy  confined,  is  likdy 
to  be  instituted  from  the  several  causes  pre- 
vioudy  cited. 
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A  DEEPLY  rooted  belief  seems  to  have 
been  cultivated  in  the  minds  of  many 
that  phenomena  connected  with  the 
flow  of  continuous  electric  currents  and  of 
alternating  electric  currents  are  as  widely 
separated  as  are  the  extremes  of  the  diam- 
eter of  eternity.  This  popular  idea,  how- 
ever, is  totally  erroneous;  the  principles 
which  relate  to  the  flow  of  direct  and  alter- 
nating currents  and  which  are  applied  to 
the  design  and  construction  of  machines  and 
circoits  are  one  and  the  same.  The  desire 
to  have  this  truth  expounded  at  the  present 
meeting  seems  to  have  taken  full  possession 
of  President  Doherty,  and  he  has  persuaded 
me  into  making  an  effort  at  exposition. 
Mr.  Doherty  also  desired  that  some  direct 
applications  of  theory  to  the  operation  of 
alternating- current  machinery  should  be 
included  in  the  paper; 
'I  but  these  are  not  in- 

P  duded,  on  account  of 

I,  my  feeling  that  any 

addition  to  an  ante- 
cedent extended  paper 
would  unduly  burden 
the  time  of  the  Asso- 
ciation. 

Without  further  ex- 
planation or  apology 
for  this  paper,  I  will 
say  that  it  purports  to  be  simply  a  straight- 
forward statement  of  the  elementary  electric 
and  magnetic  principles  which  relate  to  the 
flow  of  alternating  currents.  To  the  majority 
of  those  interested  in  the  subject,  the  paper 
contains  no  new  information;  those  to  whom 
it  is  new,  will  perhaps  not  be  interested.  I 
have  even  been  careful,  in  choosing  analogies, 
to  select  as  far  as  possible  those  heretofore 
used  in  electrical  literature,  and  have  then 
utilized  them  in  the  most  straightforward 
manner  for  illustrating  electrical  phenomena. 
When  Oersted,  in  1820,  made  known  his 
signal  discovery  that  an  electric  current 
exerts  a  magnetic  influence  in  the  space 
around  it,  the  foundation  was  begun  for  our 
knowledge  of  the  laws  of  the  flow  of  alter- 
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nating  currents.  Within  a  dozen  or  fifteen 
years  thereafter  much  knowledge  of  the 
magnetic  effect  of  the  electric  current  had 
been  thrashed  out  experimentally  by  men 
like  Ampere,  Arago,  Faraday,  and  Henry. 
And  the  last  two  laid  the  finLshing  stone  on 
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the  foundation  by  searching  out  and  making 
known  the  laws  of  electromagnetic  induction. 

The  apparent  flow  of  electric  current  may 
be  likened  to  the  flow  of  a  fluid,  and  it  may 
be  either  continuouSj  pulsaHngy  or  alUmaiing. 

1.  The  first  is  analogous  to  the  flow  of  an 
unbranched  river  through  its  channel,  in  a 
season  of  uniform  flow.  The  water  flows 
continuously  onward  without  pause  or  hesi- 
tation. The  velocity  of  the  stream  is  affected 
by  the  character  of  the  banks  and  the  con- 
tour of  the  country  traversed;  but  the  onward 
motion  of  the  volume  of  water  never  ceases, 
and  the  quantity  of  water  flowing  past  any 
cross-section  of  the  channel  is  always  the 
same,  though  its  width,  depth,  and  velocity 
may  change  with  the  character  of  the  chan- 
nel. We  may  represent  the  flow  in  a  graph- 
ical manner  is  this  way:  Suppose  distances 
measured  on  the  vertical  from  a  zero  or 
horizontal  line  represent  the  quantity  of 
water  which  each  minute  flows  past  some 
point  along  the  river.  Then  a  vertical  line 
1  inch  long  (see  Fig.  1),  we  will  say,  means 
^hat  1,000  gallons  of  water  pass  the  point  in 
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every  minute.  Now  suppose  a  number  of 
measurements  are  made  through  24  hours, 
and  the  clock  times  when  the  measurements 
are  taken  are  recorded.  Then  we  have  a 
number  of  vertical  lines,  each  1  inch  long 
for  every  1,000  gallons  per  minute,  to  repre- 
sent the  amount  of  water  flowing  at  each 
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inBtant  through  the  day  and  night.  We  can 
now  extend  oar  chart  and  divide  our  hori- 
zontal line  of  zero  quantity  into  parts  each 
representing  1  hour,  as  in  Fig.  2.  And  at 
each  of  the  clock  thnes  set  down  we  may 
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erect  the  vertical,  which  has  a  length  cor- 
responding to  the  quantity  of  water  flowing. 
This  river  is  continuous  in  its  flow,  and  all 
the  verticals  are  therefore  of  equal  height, 
as  in  Fig.  3. 

We  may  take  our  oheervations  of  flow  as 
frequently  as  we  choose  and  erect  the  cor- 
responding verticals  at  the  points  correspond- 
ing to  the  clock  times  of  the  oheervations. 
Finally,  hy  drawing  a  line  through  the  tope 
of  the  verticals  we  have  a  chart  which  shows 
by  the  vertical  height  of  this  line  the  rate 
of  flow  at  any  time  during  the  24  hours 
(Fig.  4). 

In  ^e  case  we  are  considering  (that  of 
continuous  flow)  the  line  drawn  through 
the  ends  of  the  verticals  is  a  horizontal  line, 
that  is,  the  chart  shows  that  the  flow  of  the 
water  is  uniform. 

2.  A  pidsating  current  may  be  likened  to 
the  flow  of  arterial  blood.  With  each  heart 
beat  the  blood  rushes  forward  and  then 
slackens  in  velocity,  and  then  again  rushes 
forward  as  the  heart  beats  again.  Our  chart, 
which  shows  the  quantity  of  blood  flowing 
through  the  artery  at  each  instant,  is  in  this 
case  composed  of  a  wavy  line  which  never 
crosses  the  zero  line,  as  is  shown  in  Fig.  5. 

The  horizontal  scale  now,  instead  of  being 
made  in  hours,  may  be  more  conveniently 
made  in  seconds  or  fractions  of  a  second, 
since  the  blood  pulsations  come  many  times 
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per  minute;  and  the  vertical  scale  may 
be  made  to  represent  a  flow  in  fractions 
of  a  fluid  ounce'  per  second  instead  of 
gallons  per  minute,  because  of  the  limited 
amount  of  blood  that  flows  in  an  artery. 


The  vertical  height  of  the  wavy  line  in  the 
chart  above  the  horizontal  scale  line  still 
shows  the  amount  of  blood  flowing  at  each 
instant,  corresponding  to  the  times  read 
on  the  horizontal  scale.  The  frequmey  of 
the  heart  beats  is  the  number  of  pulsa- 
tions made  per  mmute,  which  is  not  fiur 
from  70  in  the  avmge  human  adult,  and 
the  duration,  or  period,  pf  the  pulsations  is 
therefore  not  fu  from  ^  of  a  minute.  The 
period  is  represented  on  the  chart  by  the 
time  elapsed  between  two  like  points,  as 
the  two  points  of  greatest  flow,  a  and  6. 

3.  Finally,  the  aUemating  current  may  be 
likened  to  the  flow  of  water  in  a  narrow 
tideway.  As  the  tide  rises,  the  water  rushes 
up  the  channel  until  near  high  tide,  when 
the  flow  gradually  ceases,  turns,  and  then 
with  increasing  flow  the  water  rushes  down 
the  channel  until  near  low  tide,  when  its 
outward  flow  gradually  coascM,  turns,  and 
with  increasing  flow  the  water  begins  to  rush 
up  the  channel  again.    The  action  is  repeated 
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again  and  again  as  the  days  pass  by.  The 
period  of  the  complete  action,  or  cycle,  i.  e., 
from  low  tide  to  high  tide  and  back  again, 
is  a  little  over  12  hours,  and  the  fregumcy 
is  therefore  nearly  two  periods  per  day.  We 
can  represent  this  dUemating  flow,  or  currerd, 
also  by  a  chart,  as  shown  in  Fig.  6. 

Assuming  the  period  to  be  exactly  twelve 
hours  ( which  is  near  enough  for  the  analogy) , 
and  taking  a  day  in  which  low  tide  occurs  at 
12  o'clock  noon,  then,  at  this  time  (12 
o'clock  noon)  no  flow  is  occurring;  a  little 
later  the  flow  is  up  the  channel  as  the  tide 
rises,  and  the  rate  of  flow  increases  for  a 
time.  This  portion  of  the  tidal  period  is 
represented  by  the  portion  of  the  curve 
between  a  and  b  in  Fig.  6.  It  is  to  be  borne 
in  mind  that  the  vertical  height  of  the  curve 
shows  the  amount  of  water  flowing  per 
minute  at  the  instant  considered  (not  the 
height  of  the  water).  The  flow  continues 
up  the  channel  for  a  further  length  of  time, 
but  at  a  decreasing  rate,  until  high  tide  is 
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reached  at  6  p.  m.  Theoj  for  an  instant, 
there  ia  no  flow  of  the  water.  In  represent- 
ing thiB,  oar  conre,  dropping  down  from  \ 
croflseB  the  line  of  zero  flow  at  the  point 
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marked  c,  which  oorreeponds  to  the  instant 
of  no  flow  at  the  time  of  high  tide. 

Half  a  tidal  period  has  now  been  com- 
pleted; the  tide  has  reached  its  flood  and 
begins  to  fiUl,  and  the  flow  therefore  reyersee 
and  rons  outwards.  Since  the  flow  inwaxds, 
or  up  the  channel,  is  shown  on  the  chart  by 
a  vertical  distance  aboye  the  line  of  zero 
flow,  it  is  natoral  to  represent  the  outwaxd 
flow  by  a  vertical  distance  below  the  line. 
After  the  torn  of  the  tide  the  amount  of  flow 
increases  for  a  time  up  to  a  maTimum  and 
then  decreases  as  the  low  tide  is  approached. 
This  is  represented  by  the  curve  from  c 
through  d  to  a\  At  the  latter  point,  low 
tide  has  been  reached  and  an  entire  cycle  of 
the  tide  has  been  completed,  and  is  repre- 
sented on  the  chart  The  chart  might  be 
continued  indefinitely,  representing  the 
cycles  of  successiye  periods  if  desired,  as  In 
Fig.  7. 

It  is  well  known  that  the  character  of  the 
tidal  flow  is  greatly  affected  by  the  character 
of  the  channel.  Tor  instance,  in  a  narrow, 
crooked  channel,  the  phase  of  the  flow  is 
retarded  as  one  proceeds  along  its  length, 
through  the  buffeting  action  of  the  banks; 
and  the  times  of  high  and  low  tides,  when 
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the  flow  in  the  channel  is  zero,  may  not 
correspond  with  the  times  of  similar  tidal 
phases  in  some  other  channel  or  in  the  open 
sea.  In  this  case  we  may  say  that  the  tide 
in  one  channel  diffevB  in  phase  from  that  in 
the  other  or  that  in  the  sea,  and  a  chart  may 
be  drawn  to  represent  the  respective  cycles 
of  sea  and  channel  tides  at  certain  selected 
points,  as  in  Fig.  8.    In  this  figure  the  tidal 


cycle  in  the  channel  is  shown  to  be  retorded. 
Of  behind  the  tidal  cyde  of  the  sea. 

Alternating  currents  of  electricity,  flowing 
in  branch  circuits,  may  be  at  different 
phases,  and  they  may  be  represented  on  a 
chart  entirely  similar  to  that  of  Fig.  8.  The 
currents  are  said  to 
be  out  of  phase,  and 
may  be  said  to  be 
in  advance  of  or 
behind  each  other, 
depending  upon 
which  is  looked 
upon  as  the  datum 
for  comparison;  ex- 
actly, for  instance, 
as  we  may  with 
equal  propriety  and 
the  same  meaning, 
say  either  that  the  channel  tide  is  behind 
the  tide  of  the  open  sea,  or  that  the  tide  of 
the  open  sea  is  in  advance  of  the  channel  tide. 

To  recapitulate,  the  electric  current  may 
be  continuous,  pulsating,  or  alternating. 
The  first  is  likened  to  a  continuous  flow 


Fig.  10 

of  a  river,  the  second  to  the  pulsating  flow  of 
arterial  blood,  and  the  third  to  the  alterna- 
ting flow  of  water  in  a  tideway.  Contin- 
uous and  pulsating  currents,  that  is,  currents 
which  flow  continuously  in  one  direction, 
are  called  ''direct  currents.'' 

We  may  give  another  set  of  analogies,  so 
as  to  show  relations  still  more  clearly. 

1.  A  continuous  currrait  is  like  the  uni- 
form current  of  water   set  in  motion  by 
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means  of  a  centrifugal  pump  operated^  at 
a  constant  speed  (Fig.  9). 

2.  A  pulsating  current  is  like  the  current 
of  water  set  in  motion  by  a  piston  pump. 
As  the  piston  moves  forward  in  the  water 
cylinder,  the  water  therein  is  forced  to  floW 
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thiQogh  th^  delivery  pipe;  when  the  piston 
leach^  the  end  of  its. stroke  the  flow. slack- 
ens or  Q^e§;  imd  as  the  piston  returns  on 
the  stroke  the  flow  again  proceeds,  as  before, 
through  the  delivery  pipe  and  slackens 
as  the  piston  reaches  its  initial  position 
(Fig.  10).  This  is  repeated  as  the  stroke  Is 
repeated,  and  the  action  caases  a  saccession 
of  impulses  to  the  .water,  with  intervening 
pauses  or  slackening  of  the  current. 

3.  An  alternating  current  is  like  the  cur- 
rent of  water  which  would  be  set  up  in  case 
the  delivery  and  suction  pipes  of  the  piston 
pump  were  connected  directly  together  and 
the  valves  removed.  Now,  as  the  piston 
moves  back  and  forth,  the  water  flows 
unceasingly  back  and  forth  alternately  firom 
one  end  of  the  cylinder  to  the  other  as  long 
as  the  pump  is  operated  (Fig.  11). 

Fig.  11  shows  clearly  that  a  complete  cycle 
of  flow  is  produced  with  each  revolution  of 
the  pump  driving  shaft,  that  is,  with  each 
360  degrees  of  angular  motion  of  the  shaft. 
We  may,  therefore,  for  the  sake  of  conve- 
nience, divide  the  horizontal  zero  line,  or 


Fig.  12 


axis,  in  our  charts  into  360  parts  for  each 
''period''  of  the  flow,  and  call,  the  parts 
''degrees''  instead  of  fractions  of  time. 
This  is  illustrated  in  Fig.  12,  which  shows 
two  alternating  currents  of  different  phases. 
Wd  may  speak  of  these  as  having  30  degrees 
difference  of  phase,  or  they  are  30  degrees 
apart,  since  they  cross  the  horizontal  axis 
at  points  which  are  30  divisions,  or  degree*, 
apart. 

The  alternating  curves  which  are  shown 
in  the  figures  are  all  smooth  curves,  but 
actual  waves  of  alternating  current  and 
pressure  are  usually  more  or  less  irregular 
in  outline,  and  sometimes  they  are  very 
irregular;  but  successive  loops  are  normally 
similar.  Two  alternating-current  curves, 
the  outlines  of  which  were  determined  by 
experimental  means,  are  shown  in  Figs.  13 
and  14. 

It  is  also  a  fact  that  alternating-current 
curves  do  not  have  the  same  shapes  as  the 
waves  of  pressure  which  are  applied  to  the 


circuits  to  produce  the  currents,  whenever 
any  iron  is  magnetized  by  the  currents — 
which  is  almost  always.  The  curve  in  Fig. 
13  is  a  curve  of  current  which  was  set  up 
by  a  quite  flat-topped,  ste^p-sided  pressure 
wave,  while  the  curve  of  Fig.  14  was  set  up 
by  a  smooth  pressure  wave  with  a  form 
quite  like  a  sine  curve.  Changing  the  iron 
or  other  conditions  of  the  circuit  would 
produce  changes  in  these  current  curves, 
though  the  pressure  curves  remained  un- 
changed. 

If  a  heavy  block  is  suspended  so  that  it  is 
perfectly  free  to  move,  and  then  is  struck  a 
sharp  blow,  for  an  instant  it  offers  a  force 
which  opposes  the  force  of  the  blow  almost 
as  though  the  block  were  rigidly  listened. 
This  opposing  force  is  well  known  to  be 
caused  by  the  inertia  of  the  block.  Inertia 
sets  up  a  force  which  tends  to  violently 
oppose  any  sudden  change  in  the  motion 
of  a  body,  and  when  the  suspended  block 
is  started  swinging,  it  may  strike  a  consider- 
able blow  upon  its  own  account  when  met 
by  an  obstacle. 

When  an  electromotive  force  is  introduced 
into  an  electric  circuit,  the  circuit,  by  a  kind 
of  electromagnetic  inertia,  opposes  the  im- 
mediate flow  of  the  current  (very  much  as 
the  inertia  of  the  suspended  block  opposes 
the  force  of  a  blow  before  the  block  moves), 
and  the  rise  of  the  current  in  the  circuit  is 
retarded.  If  the  circuit  is  severed  or  broken 
while  current  is  flowing,  the  electromagnetic 
inertia  makes  an  effort  to  uphold  the  current 
(as  the  swinging  block  is  difficult  to  stop), 
and  an  electric  spark  appears  as  its  evidence 
in  the  gap  between  the  severed  ends  of  the 
wire. 

Faraday  (whose  name  is  almost  a  house- 
hold word  on  account  of  his  discoveries  in 
natural  philosophy,  and  especially  in  elec- 
tricity and  magnetism)  was  well  acquainted 
with  this  retarding  effect  as  early  as  1836, 
and  describes  it  in  his  "Experimental  Re- 
searches." He  says:  "Returning  to  the 
phenomena  in  question,  the  first  thought 
that  arises  in  the  mind  is  that  the  electricity 
circulates  with  something  like  momenium  or 
inertia  in  the  wire,  and  that  thus  a  long  wire 
produces  effects  at  the  instant  the  current  is 
stopped,  which  a  short  wire  cannot  produce. 
Such  an  explanation  is,  however,  at  once  set 
aside  by  the  fact  that  the  same  length  of 
wire  produces  the  effects  in  very  different 
degrees,  according  as  it  is  simply  extended, 
or  made  into  a  helix,  or  forms  the  circuit  of 
an  electromagnet. ' '  He  then  shows  that  the 
apparent  inertia  is  due  to  the  magnetic  effect 
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of  the  carreht  For  instance,  he  says: 
"Further  inyeetigation  led  me  to  peroeiye 
the  inaocoracy  of  my  first  notions,  and  ended 
in  identifying  these  effects  with  the  phe- 
nomena of  induction  which  I  had  been  for- 
tunate enough  to  develop  in  the  first  series 
of  these  experimental  researches.'' 

Faraday  further  speaks  of  this  as  a  retarda- 
tion of  the  electric  current  in  the  circuit,  and 
ascribes  the  effect  to  the  ''  induction  of  the 
current  on  itself,"  or  "self-induction"  of 
the  circuit  The  phenomena  of  electromag- 
netic induction  were  studied  about  1850 
(15  years  after  Faraday's  experiments)  by 
Sur  William  Thomson  (now  Lord  Kelvin), 
Helmholts,  and  other  scientists,  who  brought 
to  their  aid  the  powerful  reeouiroes  of  math- 
ematics, and  their  work  was  canvassed  and 
discussed  by  Maxwell  in  his  book  on  elec- 
,  tridty  and  magnetism,  who  shows  that  the 
effect  of  self-induction  is  truly  the  result  of 
deetromagnetic  momenhmif  or  inertia. 

The  retardation  of  the  current  by  electro- 
magnetic inertia  was  shown  by  Faraday  to 
occur  when  the  current  is  changing  in  value,  and 
it  therefore  exercises  a  marked  influence  on 
the  ever-changing  alternating  currenL  Faraday 
showed  that  the  value  of  the  changing  cur- 
rent was  retarded,  or  lagged  behind  the 
value  which  it  might  be  expected  to  attain, 
and  which  a  uniform  current  under  the  same 
conditions  would  attain.  We  therefore  know 
that  an  alternating  current  will  lag  behind 
the  phase  of  the  alternating  electromotive 
force  which  causes  it  to  flow,  if  there  is  self- 
induction  in  the  circuit  The  amount  of  the 
lag  depends  upon  the  electromagnetic  char- 
acter of  the  circuit  Thus,  a  straight  wire 
causes  less  retardaHony  or  lag,  than  the  same 
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wire  wound  in  a  helix,  because  the  helix 
increases  the  magnetic  effect.  Inserting  an 
iron  core  in  the  helix  may  increase  the  retar- 
dation enormously,  since  the  presence  of  the 
iron   again  increases  the   magnetic  effect. 


Faraday  said:  "If  an  electromagnet  be 
employed,  the  effect  wiU  be  still  more  highly 
exalted,"  as  compared  with  the  effect  6f  the 
plain  coil  or  helix  of  wire. ' 

Faraday's  experiments  were  mostiy  car- 
ried on  with  varying  or  pulsating  currents. 


Fig.  14 

but  later  investigators  took  hold  of  alterna- 
ting currents  and  much  attention  was  givei^ 
to  the  laws  of  flow  of  alternating  currents  at 
the  time  altemating-currentdynamoe  became 
known. 

We  all  have  at  our  flngers'  ends  the  well 
known  ratio  generally  called  Ohm's  law,  in 
which  it  is  asserted  that  a  continuous  cur- 
rent is  equal  to  the  electrical  pressure  upon 
a  circuit  divided  by  the  electrical  resistance 
of  that  circuit.  This  bo-called  law  is  nothing 
more  than  a  special  statement  of  a  condition 
which  may  be  recognized  as  universally 
applicable  to  the  phenomena  of  nature.  The 
general  statement  may  be  put  thus:  The 
result  of  an  effort  is  equal  to  that  effort 
divided  by  the  opposing  resistance.  Thus, 
for  instance,  if  we  stretch  an  elastic  material, 
the  amount  of  stretch  will  depend  upon  the 
ratio  of  the  pull  to  the  elastic  resistance  of 
the  material;  if  we  try  to  push  a  heavy 
block  along  the  floor,  the  velocity  of  the 
block  will  depend  upon  the  ratio  of  the  force 
exerted  to  the  Motional  resistance  opposing 
the  motion;  and  so  we  could  go  on  indefl- 
nitely  illustrating  the  general  applicability 
in  nature  of  this  statement  that  the  result  is 
dependent  upon  the  ratio:  effort  divided  by 
resistance. 

We  then  have  for  the  flow  of  continuous 
currents  the  rule  that  current  flowing 
("result")  is  equal  to  pressure  ("effort") 
divided  by  the  opposition  to  the  current 
flow  ("resistance");  but  in  the  case  of 
continuous  currents  there  is  no  opposition 
to  the  flow  of  the  current  except  electrical 
resistance  (that  is,  the  resistance  which  is 
determined  by  the  nature,  temperature,  and 
dimensions  of  the  conductor),  whence  wto 
have  Ohm's  law  for  the  "flow  of  continuous 
currents. 

The  ftindamental  law  of  the  flow  of  alter- 
nating currents  follows  directiy  from  what 
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has  gone  before.  The  altemating  cmrent 
flowing  in  a  drcoit  is  equal  to  the  preesore 
divided  by  the  opposition  to  the  flow  of  the 
corrent.  In  this  case  the  opposition  is  made 
up  of  two  parts,  one  the  electrical  resistance 
spoken  of  above,  and  the  other  the  opposi- 
tion due  to  electromagnetic  inertia.  The 
latter  effect  is  a  sort  of  inductive  resistance 
and  is  commonly 
called  reactance. 
The  total  opposi- 
tion to  the  flow 
of  alternating  cur- 
rents which  is 
made  up  of  these 
two  components 
(resistance  and 
reactance)  is  called  impedance^  and  it  is 
numerically  equal  to  the  square  root  of  the 
sum  of  the  squares  of  the  electrical  resistance 
and  the  inductive  resistance,  or  reactance. 
These  three  fjActors,  therefore,  bear  the  same 
relation  to  each  other  as  the  three  sides  of  a 
right-angled  triangle  in  which  the  hypote- 
nuse has  a  length  equal  to  the  impedance, 
and  the  base  and  altitude  are  respectively 
equal  to  the  electrical  resistance  and  induct- 
ive resistance  (Fig.  15). 

The  fundamental  laws  of  flow  of  alter- 
nating currents  may  be  briefly  stated  thus: 

1.  The  current  flowing  in  a  circuit  is 
equal  to  the  alternating  electromotive  force 
divided  by  a  quantity  called  the  impedance^ 
or  apparent  resistance.  This  impedance 
is  equal  to  the  square  root  of  the  sum  of 
the  square  of  the  electrical  resistance  and 
the  square  of  the  inductive  resistance. 

2.  The  alternating  current  lags  behind  the 
alternating  electromotive  force  applied  to  a 
circuit  containing  inductive  resistance  by  a 
certain  angle  (as  illustrated  in  the  duurt 
called  Fig.  12) .  The  trigonometrical  tangent 
of  this  angle  is  equal  to  the  inductive  resist- 
ance of  the  circuit  divided  by  its  electrical 
resistance. 

The  electrical  resistance  oi  a  wire  oom- 
posiug  a  circuit  depends,  as  is  well  known, 
upon  the  material  and  temperature  of  the 
wire,  its  length  and  its  cross-section;  and  it 
is  not  affod^ed  by  the  flow  of  current, 
provided  the  temperature  is  not  affected 
thereby.  The  inductive  resistance  is  depend- 
ent upon  the  selfrinduction  (L  e.,  the 
electromagnetic  condition  of  the  wire)  and 
the  frequency  of  the  alternating  current 
The  effect  of  the  self-induction  is  to  retard 
the  rise  and  fall  of  the  current  so  that 
it  attains  its  maximum  later  than  the 
Tpa3riti:^ttt¥^  of  the  alternating  pressure  which 


sets  it  up;  and  it  also  increases  the  appar- 
ent resistance  to  the  flow  of  the  alter- 
nating current  in  the  circuit  Thus,  if  the 
curve  No.  1  in  Fig.  16  is  taken  to  represent 
the  alternating  current  which  flows  in  a 
circuit  supposed  to  contain  no  self-induction, 
then  No.  2  can  be  taken  to  represent  the 
current  which  flows  when  there  is  self-in- 
duction. No.  2  is  retarded  with  respect  to 
No.  1,  and  reaches  a  smaller  wi^ximnTn  value. 
These  laws  can  be  put  into  very  simple 
mathematical  form: 
Alternating  current 

alternating  electromotive  force 

™  (electrical  reaUtance)"  +  (indactive  resistance )> ' 

Tangent  of  angle  of  lag 

__  inductive  reaistapoe 
~~  electrical  resistance' 

It  is  usual,  for  brevity,  to  use  the  letter  C 
to  represent  electric  current,  the  letter  B  to 
represent  electromotive  force,  the  letter  E 
to  represent  electrical  resistance,  and  the 
Greek  letter  ^  to  represent  the  angle  of  lag. 
Inductive  resistance  is  equal  to  a  constant 
(equal  to  twice  3.1416+)  times  the  frequency 
of  the  alternating  current  times  the  self- 
induction  coefficient  for  the  circuit  The 
letter  L  is  usually  used  to  represent  the 
latter  coefficient;  the  letter/ is  often  used  to 
represent  the  frequency  of  the  current;  and 
the  constant  3. 1416+ ,  which  enters  into  a 
large  number  of  physiod  equations,  is  usually 
represented  by  the  Greek  letter  ir.  Inductive 
resistance  is  therefore  represented  by  the 
collection  of  letters  2irfL, 

Using  these  symbols,  we  have  our  laws  of 
flow  represented  in  the  manner  that  they 
would  usually  appear  in  textbooks  or  pub- 
lished articles.    Or, 


tan^ 


l/A«+(2ir/X)«' 
2nfL 
E    ' 


In  Fig.  16,  the  distance  from  a  to  6 
measured  in  degrees  (it  being  remembered 
that  each  degree  is  represented  by  a  length 
equal  to  ji^^  part  of  the  distance,  a  a'  repre- 
senting the  length  of  one  period)  is  the  angle 
of  lag  0.  The  angle  of  lag  ^  is  shown  in 
Fig.  15. 

I  will  use  numerical  examples  to  illustrate, 
the  way  in  which  the  laws  apply.  Let  us 
assume  that  we  have  a  circuit  with  ^oi9k 
unit,  or  ohm,  of  resistance,  and  j^  of  a 
unit  of  self-mduction.  What  will  be  the 
angle  of  lag  when  the  frequencpJs  60  periods 
per  second  (this  is  a  common  commercial 
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frequency}?   The  formula  representing  the 
current  li^  becomes 

tan  ^  = 


H 

2X3  1416X  60  X  .001 
.4 


—  =  .943-. 


The  angle  corresponding  to  a  tangent  of 
.943—  is  nearly  43  j  degrees,  and  the  value 
of  the  angle  ^  is  therefore  nearly  43}  degrees. 

Now  suppose  that  we  increase  the  number 
of  tarns  of  the  wire  so  as  to  increase  the 
Inductive  resistance  to  double  the  value 
assumed  above,  and  carefully  avoid  changing 
any  other  feature.  Then  tan  ^  becomes  equal 
to  twice  its  former  value,  or  1.886—,  and  ^  is 
a  little  over  65  degrees.  Exactly  the  same 
result  would  have  been  brought  about  by 
using  larger  wire  in  the  circuit,  so  that  the 
electrical  resistance  was  reduced  to  one-half 
its  former  value  without  changing  anything 
else,  or  by  altering  both  the  inductive  resist- 
ance and  electrical  resistance  so  that  the 

ratio  —-n—  is  doubled. 

It  is  dear,  then,  that  the  alternating  cur- 
rent in  a  circuit  may  be  given  any  desired 
lag  or  retardation,  at  least  up  to  nearly  90 
degrees,  by  merely  adjusting  the  electrical 
condition  of  the  circuit  so  as  to  properly  fix 
the  ratio  of  inductive  resistance  to  electrical 
resistance.  This  may  be  done  by  changing 
the  character  of  the  circuits  or  by  introdu- 
cing into  the  circuits  what  are  called  variable 
resistance  coils,  or  variable  self-induction 
coils,  or  it  may  be  done  by  changing  the  fre- 
quency of  the  alternating  current  flowing  in 
the  circuit 

When  the  electric  current  flows  through  a 
circuit  the  power  that  is  absorbed  in  the  cir- 
cuit at  every  instant  of  time  is  equal  to  the 
product  of  the  pressure  at  that  particular 
instant  and  the  current  flowing  at  the  same 
instant.  In  direct-current  circuits  the  pres- 
sure and  current. are  virtually  constant;  con- 
sequently, the  power  is  continually  the  same 
and  without  changes  from  instant  to  instant, 
however  long  the  current  continues  to  flow, 
provided  the  indications  of  voltmeter  and 
amperemeter  remain  unchanged.  The  indi- 
cations of  these  instruments  therefore  show 
the  average  current  flowing  and  the  average 
pressure  applied  to  a  circuit  so  that  their 
product  gives  the  average  power,  and  we  say 
that  power  is  equal  to  current  times  pressure, 
or,  what  comes  to  the  same  thing,  power  is 
equal  to  current*  squared  times  resistance. 

The  same  fundamental  principle  applies  in 
the  alternating-current  circuit;  that  is,  the 


power  expended  at  every  instant  is  equal  to 
the  corresponduig  product  of  the  instanta- 
neous current  and  the  instantaneous  pres- 
sure. Our  amperemeter  and  voltmeter, 
however,  do  not  indicate  these  instanta- 
neous values,  and  it  is  only  when  the  circuit 
contains  no  self-induction  to  cause  a  lag  of 
current  through  the  effects  of  electromag- 
netic inertia  that   power   is  equal   to  the 


Fig.  16 


product  of  the  alternating  current  and  the 
alternating  pressure  indicated  by  the  instru- 
ments. When  the  current  is  displaced  with 
respect  to  pressure  (that  is,  it  is  caused,  for 
instance,  to  have  a  lag  on  account  of  the 
effect  of  electromagnetic  inertia),  the  average 
of  the  instantaneous  values  of  the  power 
throughout  any  complete  cycle  in  the  alter- 
nating-current circuit  is  always  less  than  the 
product  of  the  current  and  pressure  read 
from  the  amperemeter  and  voltmeter.  This 
product  of  amperes  times  volts  is  generally 
called  the  apparent  power,  or  volt-amperes 
in  the  circuit,  and  the  ratio  of  the  true 
power  to  the  volt-amperes  is  called  the  power 
factor.  When  the  waves  of  current  and 
pressure  are  exact  sinusoids  (sine  curves), 
this  power  factor  is  numerically  equal  to  the 
trigonometrical  cosine  of  the  angle  by  which 
the  current  lags  behind  the  pressure.  But 
the  condition  of  exact  sinusoids  for  both 
current  and  pressure  can  be  said  to  be  never 
met  with  in  practice,  and  indeed  it  is  seldom 
that  either  of  the  curves  are  exact  sinusoids, 
though  pressure  waves  are  not  uncommonly 
made  up  of  curves  that  approximate  quite 
closely  to  that  form. 

We  must  therefore  consider  the  power 
feustor  as  simply  the  ratio  between  the  true 
power  and  volt- amperes  in  the  alternating- 
current  circuit,  and  we  may  say  that  it  is 
equal  to  the  cosine  of  the  apparent  angle  of 
lag  in  the  circuit. 

Power  may  be  measured  by  a  wattmeter. 
This  is  an  instrument  which  indicates  the 
average  of  the  product  of  instantaneous  cur- 
rents and  pressures  in  the  alternating-current 
circuit.  In  the  case  of  indicating  wattmeters 
we  have  a  simple  pointer  which  plays  over 
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a  scale  in  a  manner  similar  to  the  arrange- 
ment shown  by  amperemeters  and  volt- 
meters. In  the  case  of  recording  wattmeters 
the  armature  of  the  instroment  is  nsoally 
caused  to  rotate  continuously  when  power  is 
being  absorbed  by  the  circuit  to  which  it  is 
attached,  and  a  record  is  made  of  its  rate  of 
rotation,  or  of  the  number  of  its  rotations. 
The  rate  of  rotation  in  this  case  is  proportional 
to  the  average  of  the  products  of  instantaneous 
currents  and  pressures.    In  the  indicating 


wattmeter  the  rotary  effort  is  balanced  by 
means  of  springs,  and  the  deflection  of  the 
needle  is  thereby  caused  to  be  proportional 
to  the  average  of  the  product  of  instanta- 
neous currents  and  pressures. 

The  power  factor  of  a  single-phase  circuit 
may  always  be  found  by  measuring  the 
power  by  a  wattmeter  and  the  volt^amperee 
by  means  of  an  amperemeter  and  a  volt- 
meter, and  taking  the  ratio  of  watts  to 
volt-amperes. 


DRINKING  ^VATER  AND  THE  PUBLIC 
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Sources  of  Supply — Advantages  and  Disadvantages  of  Each — Zymotic  Dissasibb — ^Th» 
Gbric  Theory-— Water  Suitable  for  Dombbtic  Use 


THE  question  of  an  adequate  supply  of 
good  drinking  water  has  been  one  of 
vital  importance  in  our  growing  cities 
and  towns,  and  a  great  deal  of  consideration 
has  been  given  to  it  by  every  public-spirited 
person.  The  sanitary  conditions  of  the 
water  supply  of  the  cities  are  discussed  by 
the  public  as  well  as  by  newspapers,  and 
opinions  are  often  heard  and  read  that  are  so 
absurd  that  a  short  consideration  of  this 
question  seems  in  the  right  place. 

Up  to  a  few  years  ago  little  was  known  of 
the  bacteriology  of  water,  but  as  this  science 
has  advanced  so  much  of  late,  it  is  now  gen- 
erally conceded  that  a  chemical  analysis  is 
not  sufficient  to  establish  the  usefulness  of  a 
water  supply,  but  that  the  results  of  such  an 
analysis  should  be  supported  by  a  bacterio- 
logical examination.  While  one  cannot  but 
feel  that,  in  their  enthusiasm  over  the  great 
triumphs  of  bacteriology,  the  people  at  large 
have  gone  slightly  '* bacteria-mad''  and  are 
apt  to  expect  more  than  is  warranted  by 
the  means  and  information  at  present  avail- 
able, yet  the  Uct  remains  that  the  hostility 
heretofore  manifested  by  the  supporters  of 
the  allied  sciences  has  now  entirely  disap- 
peared, and  chemistry  and  bacteriology  stand 
on  an  equal  footing  as  a  necessary  means  to 
the  thorough  investigation  of  a  water  supply. 

In  the  discussion  of  the  water  supply  for 
towns  and  cities,  the  first  question  that 
arises  is:    From  where  do  we  get  our  water? 

The  sources  of  water  supply  are  varied, 
and  the  general  supply  for  towns  and  house- 
holds may  be  best  classified  as  follows:  rain- 


water; surface  water,  including  lakes  and 
streams;  ground  water,  including  shallow 
wells;  deep-seated  water,  including  deep 
wells.  Artesian  wells,  and  springs. 

Each  of  these  classes  has  its  advantages 
and  disadvantages  when  used  for  drinking, 
culinary,  or  technical  purposes.  It  is  not 
the  intention  of  this  article  to  consider  these, 
but  to  state  in  a  general  way  the  connection 
that  exists,  or  is  supposed  to  exist,  between 
drinking  water  and  the  public  health,  as 
this  is  the  question  that  interests  the  public 
most,  and  the  one  that  is  not  always  intelli- 
gently discussed  in  our  daily  press. 

A  water  that  contains  a  considerable 
amount  of  dissolved  substance— one  that 
could  be  properly  denominated  as  a  *' min- 
eral water'*— would  scarcely  be  chosen  for 
a  public  water  supply,  and  is  hardly  ever 
used  as  a  daily  beverage,  except  for  the  sake 
of  its  real  or  fancied  therapeutical  effect, 
although  a  small  amount  of  mineral  matter 
doubtless  is  an  advantage  so  far  as  taste  and 
healthfulness  are  concerned.  The  presence 
of  those  substances  that  usually  exist  in 
solution  in  natural  waters  must,  howevo-, 
not  be  regarded  as  essential,  because  expdi- 
ence  on  shipboard  has  taught  us  that  dia* 
tilled  water,  after  being  aerated,  is  perfectly 
wholesome.  It  appears,  then,  that  distilled 
water,  soft  surface  water,  and  moderately 
hard  spring  and  well  water  may  be  con- 
sidered perfectly  wholesome^  and  may  be 
consumed  by  persons  without  bodily  incon- 
venience, although  it  is  certainly  true  that  a 
person  who  is  in  the  habit  of  drinking  soft 
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water  generaUy  experiences  some  temporary 
derangement  of  the  digestive  organs  on 
beginning  to  use  hard  water,  and  vice  versa. 
It  is  generally  contended  that  the  human 
body  requires  salts  of  calcium,  etc.  for  its 
maintenance,  and  that  these  compounds  are 
famished  in  an  assimilable  form  in  water; 
consequently,  a  somewhat  bard  water  offers 
an  advantage  for  a  town  supply.  Attempts 
have  been  made  to  bring  forward  statistics 
in  the  support  of  this  view,  by  comparing 
the  death  rate  of  various  towns  with  the 
hardness  of  the  water  supplied.  These 
alleged  prooft  will,  however,  hardly  stand 
doee  scrutiny,  as  the  death  rate  of  a  town 
depends  on  too  many  factors  to  be  used  as 
a  justified  argument  in  this  connection, 
although  it  must  be  admitted  that  water 
whose  hardness  is  dbe  to  either  magnesium 
Baits  or  calcium  sulphate,  is  not  very  well 
suited  for  drink- 


health  of  most 
persons. 

Waters,  espe- 
cially 
waters, 
ing 
qu 

vegetable  mat- 
ter, must  be,  as 
a  rule,  consid- 
ered unwhole- 
some. They 
frequently  cause 
diarrhea  and 
diseases  of  a  similar  character,  as  well  as 
malarial  and  other  fevers.  The  mere  pres- 
ence of  v^etable  matter,  however,  does  not 
seem  sufficient  to  produce  these  diseases,  as 
experience  has  shown  quite  frequently  tJiat 
water  which  is  highly  colored  by  vegetable 
matter  has  been  used  by  persons  for  many 
years  without  any  ill  effect  whatever. 
While  some  waters  are,  in  what  may  be 
called  a  natural  condition,  unwholesome 
and  produce  disease  or  sickness  under  cer- 
tain conditions,  the  attention  of  the  water 
expert  is  directed  principally  to  those  waters 
that  are  polluted  by  the  close  habitation  of 
man,  by  waste  material  of  factories,  and  by 
the  sewage  of  towns;  and  it  is  now  generally 
acknowledged  that  such  water  may  be,  and 
frequently  is,  the  cause  of  certain  specific 
diseases. 

Before  discussing  this  question  directly,  it 


is  important  to  first  obtain  a  general  idea  of 
the  prevailing  view  with  reference  to  the  so- 
called  ''zymotic  diseases,''  and  to  under- 
stand what  is  meant  by  the  ''germ  theory." 
It  frequently  happens  that  an  apparently  dear 
water,  when  allowed  to  stand  exposed  to  the 
influence  of  air  for  some  time,  becomes 
turbid  or  cloudy,  or  a  film  forms  on  the 
surface  of  the  liquid  and  on  the  walls  of 
the  vessel  containing  it  This  turbidness  is 
indirectly  due  to  the  contamination  of  the 
water  with  oiganic  vegetable  or  animal 
matter,  and,  as  a  microscopical  exami- 
nation shows,  is  caused  by  the  presence 
of  countless  minute  organisms  of  various 
forms  and  shapes— some  globular,  some  rod- 
like—which prove  to  be  c;^pable  of  self- 
propagation  and  also  possess  the  property 
of  motion.  Similar  organisms  have  been 
found  in  the  dust  that  floats  in  the  atmos- 

phere,  and  con- 

/\/'^<*3^  sequently  occur 
i^^ioi  ^°  ""^  water 
Sj'ySjl!  (particularly  in 
that  which  falls 
in  the  beginning 
of  a  shower),  in 
surface  water, 
and  elsewhere. 
They  are  espe- 
cially abundant 
where  there  is 
decomposing  or- 
ganic matter, 
and  appear  to 
take  an  active 
part  in  the  pro- 
motion or  pro- 
duction of  the 
chemical  changes  that  take  place.  Organ- 
isms of  the  same  or  of  similar  character 
have  also  been  found  in  the  t)lood  and  in 
the  substances  of  various  organs  of  man  and 
the  lower  animals  afflicted  with  certain  dis- 
eases, and  their  connection  with  these  dis 
eases  appears  to  be  a  causal  one. 

The  micro  organisms  with  which  we  are 
at  present  concerned  belong  to  the  vegetable 
kingdom;  they  are  related  to  the  fungi  and 
Algae,  and  are  scientifically  known  as  Schizo- 
mycetes.  They  are,  as  has  been  previously 
stated,  very  minute,  and  a  powerful  micro- 
scope and  considerable  skill  in  observation 
are  necessary  requirements  in  their  study. 
Their  lives  have  been  made  the  object  of 
careful  and  patient  observation,  and  it  has 
been  found  that  they  not  alone  propagate 
by  fission,  but  also  by  the  formation  of 
"spores,"   or  permanent  "germs."     With 
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reference  to  specific  distinctions  between 
these  organisms,  scientists  do  not  exactly 
agree,  while  some  observers  prefer  to  restrict 
the  number  of  specimens  and  assign  the  dif- 
ferences in  appearance  and  action  to  differ- 
ences in  the  attendant  conditions;  others 
assert  there  are  many  species,  as  distinct  as 
those  observed  in  higher  organisms,  and  that 
the  observed  differences  are  essential,  and  the 
inability  in  all  cases  to  satisfactorily  recognize 
specific  characters  is  chiefiy  due  to  inadequate 
means  of  observation.  Be  that  as  it  may,  for 
general  purposes  of  study,  at  any  rate,  the 
various  observed  forms  may  be  classified  in 
genera  and  species.  Referring  to  a  few  terms 
of  somewhat  frequent  and  common  occur- 
rence, the  micrococci  are  globular  or  oval,  the 
hacUXi  are  rod-like,  the  vibriones  are  sinuous, 
etc.  The  illustration  shows  some  specimens 
of  common  bacteria  that  are  supposed  to  cause 
such  diseases  as  pneumonia,  tuberculosis, 
diphtheria,  cholera,  and  lockjaw. 

The  modem  "germ  theory"  of  disease  is 
that  a  considerable  number  of  various  dis- 
eases are  due  to  the  presence  and  propaga- 
tion in  the  human  or  animal  system  of 
these  minute  organisms,  which  are  generally 
known  as  "bacteria,"  a  term  that  also 
includes  those  organisms  which  are  assumed 
or  known  to  be  harmless.  Some  of  the 
diseases  that  are  caused  by  these  organisms 
are  tuberculosis,  malarial  fever,  typhus  and 
typhoid,  relapsing  fever,  splenic  fever, 
cholera,  diphtheria,  and  yellow  fever.  The 
connection  of  the  bacteria  with  many  dis- 
eases has  been  clearly  established,  as,  for 
instance,  in  the  case  of  splenic  fever.  In 
this  disease,  th^  blood  and  various  oigacs, 
especially  the  spleen,  contain  a  multitude  of 
one  of  these  organisms  that  has  been  termed 
bacillus  anthracia.  These  organisms  have 
been  transplanted  from  the  infected  organs, 
and  have  been  cultivated  in  appropriate 
fluids  where  the  development  and  forma- 
tion of  spores  could  be  observed,  and  from 
the  spores  thus  cultivated  the  specific  dis- 
ease has  been  reproduced  in  living  animals. 
It  has  been  found  that  the  organisms,  as  ob- 
served in  the  blood,  usually  die  rapidly,  that 
is,  within  a  few  days,  but  that  the  spores 
retain  their  vitality  for  four  years  and  longer. 

If,  from  such  data,  we  now  consider  the 
theory  proved  that  these  organisms  are  pres- 
ent in  the  bodies  of  persons  afflicted  with 
certain  diseases,  and  are  the  cause  of  such 
diseases,  and  that  these  organisms  can  exist, 
at  least  in  certain  stages  of  development, 
outside  of  the  human  body,  and  retain  their 
vitality  for  long  periodp,  we  have  to  face  the 


all-important  question:  How  do  they  find 
their  way  into  the  system  of  healthy  per- 
sons? The  two  most  obvious  of  the  possible 
carriers  of  these  little  enemies  of  health  and 
comfort  are  the  air  we  breathe  and  the 
water  we  drink.  We  certainly  find  no 
serious  difficulty  in  assuming  that  emanar 
tions  of  sick  persons  may  find  their  way  into 
the  atmosphere;  moreover,  the  dejections  of 
the  sick  and  the  water  with  which  their  per- 
sons and  clothes  have  been  cleansed,  may 
evaporate  in  the  air,  or  reach  wells  and 
other  sources  of  drinking  water.  Of  these 
two  sources,  the  air  is  certainly  the  most 
probable,  not  alone  because  we  take  much 
more  air  in  the  lungs  than  water  in  the 
stomach,  but  also  because  the  lungs  afford  a 
much  easier  channel  to  reach  the  blood  than 
the  stomach;  in  fact,  f6r  a  long  time  doubt 
has  existed  whether  any  organism  entering 
the  stomach  could  be  harmful,  and  some 
scientists  still  maintain  the  belief  that  these 
organisms  entering  the  stomach  are  either 
destroyed  or  rendered  harmless,  and  that 
water,  however  contaminated  with  these 
organisms,  cannot  be  considered  as  a  means 
of  conveying  disease  germs. 

Of  the  diseases  that  are  supposed  to  be 
caused  by  micro  organisms — ^to  be  propagated 
by  germs— those  that  have  been  most  poei- 
•  tively  ascribed  to  the  use  of  impure  drink- 
ing water  are  cholera  and  typhoid  fever. 
With  reference,  however,  even  to  these 
diseases,  there  ^  has  been  much  discussion 
and  controversy  between  the  opponents  and 
adherents  of  the  "drinking-water  theory," 
since  1848,  when  Snow,  Budel,  and  a  few 
other  English  physicians  ascribed  the  spread 
of  the  cholera,  then  raging  in  London,  to  the 
use  of  drinking  water  that  had  been  fouled 
by  the  dejections  of  persons  stricken  with 
this  disease,  and  thus  first  advanced  the 
theory  that  the  disease  was  brought  to  the 
human  body  by  contaminated  water. 

The  most  earnest  advocates  of  the  drink- 
ing-water theory,  which  most  of  our  physi- 
cians are,  must,  however,  admit  that  the 
theory  has  not  yet  been  proved,  at  least  not 
in  the  sense  in  which  a  mathematical  propo- 
sition may  be  proved,  and  it  cannot  be 
positively  stated  that  drinking  water  is  the 
only  means  by  which  zymotic  diseases  may 
be  propagated;  the  "coincidences,"  how- 
ever, if  we  do  not  choose  to  accept  the  word 
"  proofs  "  for  the  sake  of  argument,  are  most 
remarkable,  and  every  year  adds  largely  to 
their  number.  Many  instances  might  be 
cited  where  a  number  of  persons,  using  the 
same  well  or  other  source  of  water  supply, 
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have  become  victims  of  one  of  the  zymotic 
diseases,  which  was  not  prevalent  in  the 
neighborhood,  and  where  the  closing  of  the 
suspected  water  supply  at  once  effectually 
put  a  stop  to  the  further  spread  of  the  dis- 
ease; there  are  also  instances  where  people 
have  assembled  in  numbers  on  account  of 
some  celebration,  and  sickness  has  followed 
in  the  case  of  a  large  proportion  of  those  who 
had  used  a  certain  water  supply,  while  others 
were  not  affected;  lately  there  have  been 
many  cases  where  sickness  has  broken  out 
among  a  number  of  families  obtaining  their 
milk  from  the  same  source,  and  searching 
investigations  brought  forth  the  fact  that 
contaminated  water  was  used  in  the  dairy. 
These  investigations  aroused,  of  course,  more 
or  less  criticism  from  the  side  of  the  oppo- 
nents of  the  theory.  The  most  weighty  criti- 
cism urged  against  the  acceptance  of  the 
theory  that  regards  Qontaminated  water  as 
the  source  of  disease  is  that  these  investiga- 
tions have  been  wholly  one-sided,  and  that 
sufficient  attention  has  not  been  paid  to 
other  features  of  the  circumstances  and  sur- 
roundings that  might,  with  equal  likelihood, 
be  factors  in  the  production  and  propagation 
of  the  disease.  This  criticism  is  certainly  just 
in  many  cases,  but  even  if  we  drop  all  those 
cases  in  which  investigation  and  observation 
have  been  manifestly  imperfect,  there  will 
remain  enough  cases  to  make  the  connection 
between  certain  water  supplies  and  certain 
epidemics  of  disease  extremely  probable. 

Although  this  is  a  matter  that,  in  our 
present  state  of  science,  has  apparently  not 
been  finally  proved,  the  duty  of  those  that 
have  to  advise  and  decide  in  matters  relating 
to  water  supply  appears  to  be  plain;  it  is  to 
err  on  the  side  of  safety  to  admit  the  hypoth- 
esis that  specific  diseases  may  be  conveyed 
by  water,  and  to  guard  zealously  the  sources 
of  domestic  and  public  supply  from  the  pos- 
sibility of  contamination  by  the  dejection  of 
persons  sick  with  zymotic  diseases,  and  by 
ezcremental  matter  in  general. 

All  that  has  been  said  referred  to  the  con- 
tamination of  water  by  excremental  matter 
from  persons  known  to  be  sick  with  con- 
tagious diseases.  Any  contamination  with  ex- 
cremental matter  should  be  strictly  avoided, 
as  there  is  strong  evidence  that,  under  cer- 
tain conditions,  the  discharges  of  healthy 
persons  and  animal  matter  in  general  may 
give  rise  to  disease,  although  the  exact  con- 
ditions under  which  such  matter  becomes 


dangerous  to  health  or  life  is  not  yet  known. 
It  is  difiicult  to  believe  that  in  ordinary 
excremental  matter  there  is  any  specific 
poison,  but  as  there  is  abundant  circum- 
stantial evidence  to  show  that  disease  does, 
at  times,  follow  the  use  of  water  that  has 
been  polluted  in  this  way,  we  are  forced  to 
assume  either  that  the  organic  matter  under- 
goes change,  and,  in  a  certain  more  or  less 
advanced  stage  of  decomposition,  can  produce 
sickness,  or  is  accompanied  by  something  not 
yet  determined  by  scientific  research  that  is 
the  real  morbid  principle,  and  which  affects 
those  predisposed  to  disease,  but  does  not 
attack  others  not  thus  predisposed. 

Next  in  importance  to  excremental  matter 
is  refuse  from  slaughter  houses,  tanneries, 
and  allied  industries — animal  refuse  in  any 
shape  and  from  any  source.  Here  we  may 
be  met  by  the  objection  that  much  animal 
matter  is  consumed  knowingly  in  a  more 
or  less  decayed  stage,  such  as  ripe  game, 
cheese,  etc.,  without,  apparently,  any  ill 
effect.  To  offset  this  objection,  many  cases  of 
ptomain  poisoning  might  be  cited  that  have 
resulted  from  the  consumption  of  spoiled 
meats,  fish,  etc. 

While  numerous  facts  support  the  belief 
that  most  of  the  mischief  attributed  to  drink- 
ing water  is  caused  by  the  presence  of  living 
organisms,  with  their  practically  unlimited 
power  of  self-propagation,  and  not  by  any 
chemical  substance,  it  is  of  course  possible 
that  indirectly  a  large  quantity  of  organic 
matter  in  water  may  be  more  dangerous  than 
a  smaller  quantity,  as  furnishing  on  a  greater 
scale  the  suitable  material  and  conditions  for 
the  development  of  noxious  as  well  as  harm- 
less organisms. 

However  views  may  differ  on  this  most 
important  question  as  to  the  possible  injury 
from  this  and  that  source,  we  are  safe  in 
accepting  the  following  principles  as  funda- 
mental guides  in  the  selection  of  a  water  for 
domestic  or  public  supply: 

'*  A  suitable  water  for  domestic  purposes 
must  be  free  from  all  substances  that  are 
known  to  produce  an  injurious  effect  on  the 
human  system,  or  which  are  supposed,  with 
good  reason,  to  produce  such  an  effect. 

"The  water  should  be,  as  far  as  possible, 
free  from  all  substances  and  associations  that 
offend  the  general  aesthetic  sense  of  the  com- 
munity, and  thus  affect  the  system  through 
imagination,  even  if  there  is  good  reason  to 
believe  it  is  in  itself  harmless." 
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F.  A.  Kaiser 


Benefits  op  Exercise — System  of  Man  Testing — Man's  Horsepower 


AS  LONG  as  men  are  dependent  on  their 
.  bodily  strength  for  food  and  personal 
safety,  there  is  no  danger  of  this 
strength  being  neglected.  It  is  said  that  in 
the  youthful  days  of  our  world,  man  lived 
in  caves  in  the  rocks,  from  which  he  ven- 
tured only  at  his  peril.  He  was  often  forced 
to  use  the  trees  as  his  highways,  and  he 
learned  to  swing  from  limb  to  limb,  like  a 
monkey,  or  to  hang  from 
a  baugh  with  one  hand 
''^.jFi*^^7"^^-N.  while  he  wielded  a  club 
witli  the  other.     Under 


man  could  gain  no  credit  for  studious  habits 
unless  his  pretensions  were  supported  by  a 
pair  of  stooping  shoulders,  a  hollow  chest, 
or  watery  eyes. 

With  the  introduction  of  athletic  training 
in  our  schools  and  colleges  came  the  reaction 
to  this  tendency,  and  young  men  began  to 
feel  not  only  the  joy  of  mounting  an  intel- 
lectual hill,  but  the  rejoicing  experienced  by 
the  ''strong  man  about  to  run  a  race."  Of 
course,  the  athletic  tendency  has  been  car- 
ried to  an  extreme,  just  as  the  non-athletic 
tendency  was  before  it.  Like  a  pendulum 
when  put  in  motion,  sentiment  has  swung 
first  far  to  one  side,  then  far  to  the  otber,  but 
gradually  approaching  the  stable  medium 
position.  As  a  result  of  this  steadying  ten- 
dency, we  now  find  hundreds  of  students 


Fig.  1 

such  circumstances  it  was 

inevitable    that    man's  toiMm 

whole  energy  should  be  no.  2 

bent   toward  developing 

those    powers  on   which   self-preservation 

directly  depended,  and  strength  of  muscle 

was  the  only  manly  attribute. 

In  medieval  times  the  warlike  nations 
always  produced  the  best  specimens  of 
physical  man,  while  today  the  blacksmith 
and  the  manual  laborer  need  no  gymnastic 
training  to  keep  their  limbs  from  withering. 
When  men,  however,  no  longer  depend  on 
bodily  exertion  for  support,  and  spend  their 
efforts  in  what  is  called  **  brain  work,"  the 
body  is  sure  to  suffer,  for  is  not  the  scholar 
in  story  books  pale  of  face  and  thin  of  limb? 
Indeed,  the  time  is  not  long  past  when  a 


Fig.  3 

and  clerks  taking  general  gymnastic  exer- 
cise, where  formerly  tens  only  made  athletic 
specialists  of  themselves.  The  increased 
interest  in  the  strength  of  men  made  neces- 
sary a  rational  system  of  comparison — a  sys- 
tem by  which  the  development  of  two  men 
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could  be  accurately  compared,  though  one 
might  work  as  a  hod  carrier  in  New  York, 
and  the  other  at  tranalating  Greek  philos- 
ophy in  Boston. 

The  system  now  accepted  as  standard  is 
that  proposed  by  Dr.  D.  A.  Sargeant,  wherein 
the  strengths  of  the  more  important  muscles 
are  determined  by  direct  tests.  The  strength 
of  the  back  is  found  by  a  lift  measured  by  a 
dynamometer,  as  shown  in  Fig.  1.  In  this 
lift  the  knees  must  be  kept  straight,  so  that 
all  the  work  is  done  by  the  muscles  of  the 
back.  The  table  below  giyes  the  average 
back  lift  of  a  man  5  feet  10  inches  in  height 
as  313  pounds.  For  the  leg  lift,  the  knees 
are  bent  as  shown  in  Fig.  2,  and  the  handle 
of  the  machine  rests  on  the  thighs.  In 
straightening  the  legs,  terrific  lifting  power 
is  exerted.  For  the  strength  of  the  lungs  the 
test  consists  of  blowing  into  an  instrument 
very  much  like  a  steam  gauge,  which  records 
the  pressure  produced.  The  upper  arms  are 
tested  both  by  the  push  up,  as  in  Fig.  3,  and 
by  the  pull  up,  as  in  Fig.  4,  from  extended 
length,  until  the  chin  is  on  a  level  with  the 
bar.  The  strength  of  the  forearms  is  found 
by  taking  the  gripping  powei  of  each  hand 
on  a  spring  dynamometer,  as  in  Fig.  5.  All 
these  tests  are  read  in  kilograms,  1  kilogram 
being  equal  to  2.205  pounds. 

As  a  matter  of  interest,  we  show  below 
the  record  of  an  actual  test  made  on  John 
Smith,  a  man  22  years  of  age,  weighing  147 
pounds,  and  5  feet  10  inches  tall. 


though  it  takes  into  account  mere  strength, 
does  not  consider  a  man's  endurance,  which, 
together  with  strength,  make  up  his  ability 
to  do  work.  It  is  evident  from  the  great 
leg  power  shown  by  Smith,  that  he  could  do 


Fig.  4 

his  best  work  in  carrying  weights  up  a  stair- 
way, and  it  would  have  been  quite  interesting 
to  determine  how  much  power  he  could 
develop  for  10  hours  at  a  stretch.    We  tried 


strength  of  lungi. 

Back  lift  (Fig.  1) 

Leg  lift  (Fig.  2) 

Push  up  (Pig.  8);  Average  No.  timet,  5.7; 

John  Smith,  10 

Poll  ap  (Fig.  4);  average  No.  times,  8.3; 

John  Smith,  18 

Right  forearm  (Fig.  5)  

Left  forearm  (Fig.  5) 


Total  itrength 


I 

The  first  column  shows  the  strength  in 
pounds  of  an  average  man  of  John  Smith's 
stature.  The  second  column  shows  John 
Smith's  strength  in  pounds,  while  the  third 
and  fourth  show  the  same  in  kilograms.  The 
final  score  is  obtained  by  adding  to  the  other 
items  one-tenth  the  weight  (66.6  kilograms) 
multiplied  by  the  sum  of  the  push-up  and 
pull-up  scores. 

It  will  be  seen  that  this^system  of  tests, 


Poands. 
Average. 

PoondB. 
John  Smith. 

Kilograms. 
Average. 

Kilograms. 
John  Smith. 

813.1 
877.0 

425.8 
850.2 

13.00 
142.00 
171.00 

18.00 
192.90 
385.60 

98.24 

158.18 

91.8 
88.0 

118.6 
105.0 

48.00 
40.00 

58.80 
47.G0 

502.24 

851.08 

hard  to  impress  on  him  the  duty  he  owed  to 
science,  and  requested  him  to  carry  a  bag  of 
flour  under  our  supervision,  but  he  valued 
his  services  too  highly  to  make  the  test 
possible. 

What  is  the  "  horsepower  "  of  the  average 
man?  First,  let  us  define  horsepower. 
When  Boulton  and  Watts,  about  18(X),  were 
first  selling  steam  engines,  they  assumed  a 
rate   so   that    purchasers   who    wished   to 
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BubBtitute  steam  for  horeeB  should  not  be 
disappointed.  They  therefore  rated  as  1 
horsepower  any  engine  that  could,  at  any 
moment,  perform  the  work  of  a  very  strong 
horse.  Since,  however,  such  an  engine  can 
work  hour  after  hour  without  stopping, 
which  a  horse  cannot,  it  is  plain  that  a 
l-horsepower  engine  can  do  much  more 
work  than  any  one  such  horse.  At  the 
same  time,  the  horses  that  they  used  as 
standards  were  the  very  heavy  English  dray 
horses  that  were  much  stronger  than  the 
average.  It  has  been 
found  by  experiment 
that  the  average  horse 
can  do  only  22,000  foot- 
pounds of  work  per  min- 
ute. In  other  words, 
actual  horsepower  is 
two-thirds  of  the  nomi- 
nal horsepower  of  33,000 
foot-pounds  per  minute. 
As  a  rough  approxima- 
tion, we  may  say  that 
the  useful  daily  net 
work  of  a  horse  is  about 
10,000,000  foot-pounds. 
An  average  man,  pull- 
ing a  load  along  a  level 
road,  by  a  rope  over  his 
shoulder,  can  do  in  10  hours  about  one-sixth 
as  much  work  as  a  horse.  In  raising  his  own 
weight  up  a  stairway  or  ladder,  a  man  can 
do  2,088,000  foot-pounds  of  work  per  day, 
which  IS  equivalent  to  raising  1  ton  about 
1,000  feet,  or  about  one- fifth  as  much  work 
as  a  horse  will  do  in  the  Eame  time.  Assu- 
miDg  that  the  man  weighs  one-tenth  as  much 
as  the  horse,  either  of  these  tests  shows  a 
man  to  be  nearly  twice  as  strong  as  a  horse 


Pig.  5 


in  proportion  to  weight  In  carrying  a 
weight  up  a  stairway  or  ladder,  as  in  carry- 
ing shingles  from  the  ground  to  a  roof,  he 
can  do  only  400,000  foot-pounds  of  work  in 
10  hours,  equal  to  raising  1  ton  200  feet. 

When  turning  a  crank,  such  as  on  a  grind- 
stone or  derrick,  a  man  can  do  1,300,000 
foot-pounds  in  a  day;  that  is,  he  can  raise 
1,300,000  pounds  1  foot,  or  a  ton  650  feet  in 
10  hours.  .  This  calculation,  of  course,  ignores 
friction  in  the  machine.  On  a  tread  wheel  a 
laborer  will  do  1,400,000  foot-pounds  per  day 
— ^rather  more  than  with 
a  crank.  A  man  ham- 
mering will  do  about 
480,000  foot-pounds  per 
day,  equal  to  raising  a 
ton  240  feet  A  laborer 
standing  still  can  barely 
sustain  100  pounds  by 
a  rope  over  his  shoulder 
and  thence  passing  hori- 
zontally over  a  pulley. 
He  cannot  push  hori- 
zontally at  the  height 
of  his  shoulders  with 
more  than  about  30 
pounds  force. 

A  man  walking  hori- 
zontally, carrying  only 
his  own  weight,  in  10  hours  will  trans- 
port an  equivalent  of  25,300,000  pounds  1 
foot.  Traveling  with  a  burden,  however, 
he  can  transport  only  5,670,000  pounds  1 
foot. 

Since  a  man's  best  performance,  both  in 
raising  a  load  vertically  and  in  transporting 
it  horizontally,  is  made  when  he  carries 
only  his  own  weight,  it  is  evident  that  man 
wasn't  intended  to  **  work.** 


A  POINT  IN  ADVERTISING 


AMICHIGAN  man,  whose  name  it  is  not 
necessary  to  disclose,  increased  his  busi- 
ness considerably  by  an  inexpensive 
plan  of  advertising  that  no  doubt  might  be 
applicable  to  the  business  of  many  of  those 
of  our  readers  that  have  stores  or  shops  in 
country  towns  or  villages.  The  gentleman 
referred  to  opened  all  his  letters  by  very 
carefully  clipping  off  one  end  of  the  envelope 
so  that  no  rough  edges  were  visible.  After 
quite  a  number  had  been  accumulated,  they 
were  given  to  the  drivers  of  his  delivery 
wagons  with  instructions  to  drop  one  in  the 


middle  of  the  road  every  few  hundred  yards 
while  driving  about  on  their  regular  tripe. 
The  effect  was  magical.  The  envelopes  looked 
so  much  like  real  letters  that  scarcely  a  per- 
son passed  one  without  picking  it  up,  and  at 
least  reading  the  address. 

The  originator  of  this  plan  reasoned  that 
no  one  can  pass  a  letter  lying  on  the  road 
without  picking  it  up  and  reading  the  name 
and  business  of  the  man  to  whom  it  is 
addressed,  and  in  this  manner  an  impression 
is  made  on  the  mind  that  is  not  soon  for- 
gotten. 
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Shah  Jehan 


With  Special  Reference  to  Optical  Deceptions  in  Architecture 


IT  IS  said  that  *' seeing  is  believinK/'  but, 
li^e  many  other  wise  saws,  this  state- 
ment fails  to  maintain  its  integrity,  for, 
under  the  X-rays  of  incontrovertible  facts, 
its  utter  fallacy  is  revealed. 

Did  you  ever  use  drawing  instruments— 
the  T  square  and  triangle,  for  instance  ?  If 
you  have,  you  know  that  a  drawing  once 
commenced  must  be  finished  with  the  same 
instruments,  for  if  you  inadvertently  pick  up 
another  T  square,  or  use  different  triangles, 
or  even  work  from  different  edges  of  the 
same,  you  will  soon  be  floandering  in  a  sea 
of  inaccuracy,  and  lines  that  should  continue 
in  the  same  direction,  instead  of  meeting  at 
infinity,  as  all  respectable  parallel  lines 
should,  intersect  with- 
in a  ten-minute  walk 
of  the  drawing  table. 

This  is  just  what  is 
the  matter  with  the 
eyes;  they  do  not  see 
alike  in  any  direction, 
and  all  objects  upon 
which  they  gaze  are 
distorted.  The  proof 
of  this  is  with  us  the 
whole  time  of  our 
waking  hours,  though 
we  are  so  used  to  the 
deception  that  the 
mind  unconsciously 
discounts  the  informa- 
tion conveyed  by  the  Fiq.  i 
eyes,  and,  from  long 
experience  by  a  series  of  comparisons,  learns, 
to  a  limited  extent,  to  recognize  true  forms 
and  at  least  approximate  distances. 

An  every-day  optical  illusion,  so  familiar 
to  us  all,  is  that  of  perspective,  in  which  all 
parallel  lines  seem  to  meet  in  a  somewhat 
hazy  though  more  or  lees  definite  point. 
Nowhere  is  this  illustration  so  clearly  seen  as 
when  we  glance  along  the  straight  silvery 
lines  of  a  railroad  over  which  the  exprefs  is 
fast  becoming  a  diminutive  toy,  and  the  rails, 
telegraph  poles,  and  fence  lines  seem  deter- 
mined to  meet  and  intersect  away  ofi"  down 
the  line,  as  far  as  the  eye  can  reach. 

Look  at  yonder  station  by  which  the  train 
is  just  passing.  If  you  liold  a  coin  at  arm's 
length  it  will  more  than  cover  it,  and  yet  we 


know  that  it  is  a  thousand  times  larger  than 
the  coin,  though  it  is  a  small  building.   How, 
then,  is  it  that  we  know  the  building  is  not 
large?    We  have  never  been  closer  than  we 
are  at  present,  and  yet  we  are  positive  that 
the  station  is  comparatively  small.    There, 
that  word  **  comparatively  "  expresses  all — 
everything  is  judged  by  comparison.     We 
know  how  large  a  window  usually  is,  and 
also  a  telegraph  pole.    The  first,  located  in 
the  side  elevation  toward  us,  is  a  unit  of 
comparison  for  the  area  of  the  side,  and 
the  pole  near  by  shows  the  altitude  of  the 
ridge.  Thus  it  is  that  the  mind  is  constantly 
guarding  against  the  deceptions  of  the  eye 
by  making  comparisons  between  objects  of 
familiar  dimensions 
and  those  of  unknown 
size;  it  is  in  this  way, 
and  only  in  this  way, 
that   distances    and 
bulk  can  be  even  ap- 
proximated. 

The  mind,  however, 
is  not  always  on  its 
guard,  and    like  the 
small   child   reaching 
out  to  grasp  the  moon, 
sometimes  fails  to 
measure  distances  cor- 
rectly, the  individual 
being  cruelly  de- 
ceived.   Such  miscal- 
culation of  distance  is 
a  familiar  occurrence, 
and  many  curious  and  interesting  stories  are 
told  of  people  who,  having  lived  in  a  heavy 
and  hazy  atmosphere,  find  themselves,  when 
sojourning  in  the  dry  air  of  the  Rockies, 
starting  out  for  a  short  walk  before  break- 
fast to  yonder  mountain  or  hill,  which,  after 
giving  it  up  in  dipgust,  they  find  to  be  20 
miles  away.    So  it  is  in  a  fogjry  atmosphere; 
a  ship  on  the  sea  looms  up  like  an  iceberg, 
and  a  pastoral  stroll  is  fraught  with  terror  to 
a  nervous  person,  who  sees  a  ghost  in  every 
fence  post  and  a  beast  of  overwhelming  pro- 
portions in  the  wood  pile. 

In  this  age  of  cheap  and  rapid  transpor- 
tation, we  have  all  traveled  somewhat,  and 
whether  we  look  from  the  window  of  a 
slow-moving   train   or   from    the   deck    of 
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a  ferry  boat  nearing  the  wharf,  we  have 
repeatedly  been  Btrack  with  the  appearance 
of  motion  in  the  stationary  objects  around 
ns.    The  phenomenon  is  so  strong  that  it  is 


Fig.  2 

with  difficulty  we  realize  that  it  is  ourselves 
who  are  in  motion,  and  not  the  landscape  or 
near-approaching  shore.  This  illusion  is 
often  more  evident  when,  comfortably  seated 
for  a  long  journey  by  rail,  we  look  from  the 
car  window  to  the  opposite  track.  Is  it  the 
freight  car  or  is  it  the  day  coach  that  is  in 
motion?  It  is  evident  we  cannot  tell  by 
looking  at  the  side  of  the  freight  car,  and  as 
we  feel  no  jar  from  our  own  coach,  we 
naturally  look  for  the  revolution  of  the 
wheels  under  the  freight  before   we  can 
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Fig.  8 

positively  know  which  train  is  in  motion. 
The  mind  is  in  much  the  same  condition 
when  deprived  of  landmarks  or  guides  by 
which  to  judge  sizes  or  distances.  How  can 
we  prove  this?   Easily  enough.    Suppose  we 


show  numerous  objects  in  perspective,  and 
on  the  same  drawing  several  of  like  kind  not 
in  perspective.  We  are  accustomed  to  seeing 
all  objects  in  perspective,  and,  consequently, 
being  thus  deceived, 
the  objects  not  in 
perspective  appear  to 
be  larger  than  they 
really  are. 

Look  at  Fig.  1. 
The  three  men  are 
of  one  height.  They 
certainly  do  not  ap- 
pear the  same,  but  if 
we  measure  them 
with  a  pair  of  di- 
viders we  will  know 
that  the  artist  has 
made  them  so.  You 
will  notice  in  the  pic- 
ture that  the  long 
corridor  is  in  per- 
spective, while  the 
men,  idthough  ap- 
parently some  distance  apart,  have  been 
drawn  to  scale,  and  are  shown  in  their  true 
size.  Thus  the  mind,  being  used  to  com- 
parisons and  the  perspective  image  produced 
by  the  eye,  makes  its  usual  calculation  or 
reduction  for  distances,  and  is  consequently 
deceived. 

The  eye,  owing  to  its  construction,  places 
everything  in  perspective,  but  besides  this 


Fig.  4 


it  does  not  see  the  same  in  an  upward  and 
downward  direction  as  it  does  in  a  horizon- 
tal direction.  This  can  be  demonstrated  if 
we  put  a  sheet  of  paper  on  a  board  and, 
holdiog  it  directly  in  front  of  the  eye,  mark 
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a  dot  on  the  paper.  This  dot  will  be  the 
point  of  regard  lookmg  straight  forward; 
from  this  dot  draw  what  appears  to  be 
four  lines  of  equal  length,  two  vertical  (one 
upwards  and  the  other  downwards),  and 
two  horizontal  (one  to  the  right  and  one  to 
the  left).  On  measoring  the  seemingly 
equal  lines,  it  is  found  they  are  far  from 
being  of  the  same  length.  Neither  of  the 
vertical  lines  will  be  as  long  as  the  horizon- 
tal ones,  and   the  upper  vertical   will  be 


Fig.  6 

much  shorter  than  the  lower.  The  lines 
that  we  really  traced  are  as  shown  in  Fig.  2. 
The  conclusion  to  be  drawn  from  this  is  that 
the  space  above  the  point  of  regard  is  over- 
estimated when  compared  with  the  space 
below,  and  both  are  foreshortened  when  con- 
sidered with  the  space  to  the  right  or  left. 

The  mind,  in  judging  of  form,  space,  or 
distance  through  the  eye,  always  exagger- 
ates the  small 
things  and  gives 
them  greater 
value  than  they 
possess.  In  Fig. 
3  the  angles 
formed  by  lines 
ah  and  ed  are 
exactly  the 
same,  but  the 
angle  to  the  left  (a) 

certainly  ap- 
pears the  lar- 
ger; the  broken  line  in  Fig.  4  is  part  of 
the  same  line,  although  you  would  hardly 
think  so  from  a  casual  observation.  From 
this  we  know  an  acute  angle  always  appears 
laiger  than  it  is;  in  other  words,  we  always 


overestimate  the  extent  of  the  angle.  Many 
very  interesting  and  puzzling  illusions  are 
due  to  this  failure  of  the  mind  to  grasp 
through  the  eye  the  true  extent  of  angles. 


FlO.  7 

To  illustrate,  suppose  we  draw  two  straight 
parallel  lines  and  from  the  center  of  these 
lines  cross-hatch  either  way  with  a  30^  tri- 
angle.   The  result  is  startling,  as  can  be  seen 

f J & 

FlO.  8  iiawei  an  MNtm. 

in  Fig.  5,  for  it  will  be  observed  that  the 
lines  no  longer  appear  straight,  but  seem 
to  be  bent  outwards  or  inwards,  depending 
on  which  way  the  cross-hatching  is  drawn. 

illllllllllllllllll 

FlO.  9  MiMi  an  nNtnri 

The  direction  in  which  they  appear  to  bend 
is  always  the  direction  in  which  a  line 
would  have  to  be  drawn  in  order  to  increase 
the  acute  angle.  Another  illustration  of 
this  curious  phenomenon,  governed  by  the 
same  principle,  is  shown  in  Fig.  6,  and*still 
another  in  Fig.  7.    The  principal  lines  in 


00 
Fig.  10 


these  figures  are  parallel  in  spite  of  their 
erratic  appearance. 

There  is  a  curious  illusion  produced  by 
the  fact  that  when  the  point  of  regard' 
looks  upwards  it  has  a  tendency  to  move 
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outwards,  and  when  it  looks  downwards  it 
tends  to  move  in  wards.  Look  at  the  numeral 
8  and  the  letter  8.  Observe  them  carefully, 
and  then  turn  the  magazine  upside  down; 
the  distortion  is  immediately  noticeable.   In 


Fig.  11 

walking  along  the  business  block  of  a  large 
city,  how  overwhelming  are  the  high  build- 
ings on  either  side.  As  we  look  at  them 
from  one  side  of  the  eye,  they  appear  to  lean 
dangerously,  like  the  young  lady  just  out  of 
school,  impressed  with  the  desirability  of 
physical  culture,  practicing  the  Delsarte 
walk;  while  glancing  at  them  from  the  other 
side  of  the  eye,  they  appear  to  shun  the 
street,  somewhat  like  the  Quaker  who  is  so 
straight  that  he  tips  just  a  little  bit  back- 
ward. 

In  glancing  along  a  line,  the  sight  follows 
it  uninterruptedly  and  easily,  but  if  the  line 
is  crossed  or  broken  at  intervals  the  eye 


to  6  is  the  same  as  from  6  to  c,  but,  on 
account  of  the  numerous  rests,  or  way 
stations,  on  which  the  eye  stops  in  traveling 
from  a  to  6,  this  distance  to  the  mind  is  con- 
siderably longer  than  from  6  to  c.  Similar 
comparisons  can  be  made 
in  Fig.  9,  and  the  three 
squares  shown  in  Fig.  10 
have  equal  sides.  This  is 
difficult  to  believe,  for  (a) 
appears  wide  and  flat, 
while  (6)  seems  of  greater 
height  than  width,  and 
the  only  true  square  is 
apparently  the  one  shown 
fit  (c).  In  (a)  there  is  no 
vertical  interruption  for 
the  eye,  and  it  travels  along 
the  lines  easily,  but,  in 
glancing  across  the  figure, 
the  vertical  lines  interrupt 
the  vision,  and  the  square 
is  distorted  to  a  rectangle 
standing  on  its  larger  base, 
and  the  width  seems  greater  than  the 
height  At  (6)  the  opposite  effect  takes 
place:  the  horizontal  lines  are  shortened, 
and  the  vertical  height  of  the  figure 
increased  on  account  of  the  numerous  stops 
the  eye  makes  in  traveling  to  the  top 
of  the  figure.  The  only  true  square,  to  the 
eye,  is  at  (c),  for  as  there  are  no  cross-lines 
in  the  figure,  there  is  no  illusion.  From  this 
we  see  why  it  is  that  the  girl  in  the  tailor- 
made  gown  looks  BO  tall  and  stately,  while 
the  country  lass,  in  the  paraphernalia  of  the 
church  picnic,  with  her  muslin  dress  and 
numerous  pink  and  blue  ribbons,  looks  far 
shorter  and  considerably  less  stately,  though 


M.. 


L9yel  Line. 
FlQ. 12 


halts  and  rests,  as  it  were,  the  same  as  a 
person  out  for  an  aimless  stroll.  When 
distance  is  interrupted,  it  seems  longer  in 
comparison  than  it  is  in  reality,  as  reference 
to  Fig.  8  will  reveal.    The  distance  from  a 


undoubtedly  like  an  angel  to  the  village 
swain. 

Many  other  optical  illusions  might  be 
mentioned;  they  are  so  numerous,  however, 
that  we  need  only  consider  one  other,  the 
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illusion  in  height  by  oomparieon  of  areas; 
that  is,  the  contrast  between  breadth  and 
length.  In  sizing  up  the  height  of  an 
object,  the  mind,  through  the  eye,  is  very 
apt  to  compare  areas,  and,  by  the  com- 
parison, the  judgment  of  the  individual  is 


builders  even  went  further  than  this.  They 
not  onjy  corrected  the  appearance  of  any- 
thing that,  owing  to  the  organism  of  sight, 
failed  to  look  as  it  really  was,  but,  by  i>ecu- 
liar  devices,  they  exaggerated  the  true 
perspective,  and  gave  both  the  exterior  and 


Fio.  13 


influenced  in  favor  of  the  body  having  the 
larger  area.  In  Fig.  11  the  three  girls  are  all 
of  the  same  height.  The  one  in  the  Empire 
gown  appears  the  tallest,  while  the  one  in 


~"i 


Pig.  14 

the  hoop  skirt  of  the  time  of  Buchanan's 
administration  looks  somewhat  shorter,  and 
the  up-to-date  girl  to  the  left  is  the  happy 
medium.    Broad  objects  appear  shorter,  and 

^ — — ._,  narrow  objects 

taller  or  longer 
than  they 
really  are. 

What  has  all 
this  to  do  with 
architecture? 
We  might  say 
everything, 
and  again 
nothing.  The 
ancient  and 
'  classic  build- 
ers and  those 
masters  of  the 
middle  ages, 
with  fine  feel- 
ing and  keen 
perception,  realized  how  important  it  was 
to  make  allowance  for  deceptive  vision,  and 
to  so  construct  buildings  and  proportion 
details  that  the  lines  of  beauty  would  not 
be  destroyed.    In  fact,  the  Italian  church 


Fio.  15 


interior  an  appearance  of  distance  and  vast- 
ness  they  did  not  possess.  They  were  well 
aware  of  the  oppressiveness  created  in  the 
individual  when  the  sight  is  directed  up- 
wards between  parallel  lines,  and  the  great- 
est artists  among  them  flared  such  lines 
outwards,  and  thus  obtained  an  appearance 
of  lightness  and  beauty. 

That  the  Egyptians  thoroughly  understood 
how  the  eye  could  be  deceived  and  the  mind 
made  to  realize  a  perspective  that  never 


Fio.  16 

existed,  cannot  be  doubted,  for  Rawlison,  in 
his  ** History  of  Egypt,"  said,  "The  con- 
trivance for  augmenting  the  apparent  size 
of  buildings  which  we  have  to  speak  of,  in 
conclusion,  is  the  following:  Egyptian  build- 
ings of  large  extent  have  the  most  apparent 
rise  as  we  penetrate  into  them.  When  we 
pass  from  one  limb  to  another,  we  gen- 
erally ascend  a  few  steps.  Sometimes,  how- 
ever, the  ascent  is  more  gradual.  At  the 
Ramesseum,  and  again  at  Edfu,  the  level 
of  the  ground  rises  from  column  to  column, 
each  column  being  placed  on  a  low  step  a 
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litUe  above  the  precedisg  one.  The  effect 
is  similar  to  that  produced  in  a  modem 
theater  by  the  sloping  of  the  floor  to  the 
back  of  the  stage.  It  is  aided  by  the  general 
arrangement  of  doors   and   pylons,  which 


Fig.  17 


diminish  in  size  as  we  advance.  •  An  illasive 
perspective  is  thus  obtained.  The  vistas  of 
pillars  seem  twice  the  length  they  really  are, 
and  the  entire  bailding  appears  to  be  of  a 
length  almost  interminable." 

The  Greeks,  originators  of  classic  archi- 
tecture, did  not  apparently  practice  decep- 
tions on  the  eye,  but  they  did  endeavor  to 
correct  erroneous  impressions  created  by  the 
sight.  They  understood  fully  that  long 
parallel  vertical  lines,  such  as  would  bound 
a  cylindrical  column,  appeared  hollow  or 
concave,  making  the  support  look  inefficient 
and  incapable  of  sustaining  the  mass  of 
maaonry  it  waa  -required  to  uphold.  To 
obviate  this,  they  curved  the  profile  of  the 
columns,  or  gave  them  what  is  called  the 
entasis,  the  purpose  of  which  was  to  over- 
come this  optical  illusion.  Not  only  did 
they  swell  the  sides  of  the  column,  but  they 
also  cambered  the  horizontal  and  vertical 
lines  of  the  building  itself.  This  curvature 
of  outline  was  maintained  throughout  the 


entire  building,  and  in  consequence  there  ia 
hardly  a  straight  line  in  the  structure.  The 
lines  of  the  comers,  pediment,  steps,  and 
side  walls  all  have  a  slight  entasis,  varied  in 
amount  to  suit  the  particular  case. 

Much  of  the  beauty  of  classic  buildings  is 
due  to  the  knowledge  their  constractors  pos- 
sessed regarding  defects,  or,  rather,  effects, 
of  vision.  To  them  we  are  indebted  for  the 
most  refined  methods  of  obviating  these 
optical  illusions.  Without  such  refinement 
as  the  cambering  of  the  cornice  across  the 
front  of  temples,  they  would  appear  to  sag 
from  the  mass  of  material  and  apparent 
weight  in  the  center  of  the  pediment.  In 
the  Parthenon,  the  architrave  and  frieze 
slope  about  1  part  in  80  toward  the  center, 
in  order  to  avoid  the  apparent  depression 
that  would  exist  if  they  had  been  built  as 
the  mathematical  architect  of  today  would 
have  designed  them.  For  somewhat  similar 
reasons,  the  comer  columns  of  buildings 
were  made  larger,  so  that  by  contrtst  they 
would  not  seem  weak  and  less  able  to  carry 
their  load  than  the  intermediate  ones. 

In  the  year  1895,  William  H.  Goodyear, 
in  connection  with  the  Brooklyn  Institute, 
made  an  extensive  survey  of  the  Italian 
cathedrals  in  order  to  ascertain  to  what 
extent,  in  the  construction  of  the  buildings, 
means  were  employed  to  deceive  the  ob- 
server and  to  trick  the  eye  so  that  the 
individual  i^ould  be  led  to  suppose  condi- 
tions that  did  not  actually  exist  He  found 
on  careful  survey  and  accurate  measure- 
ments that  many  contrivances  were  used 
for  this  purpose,  the  principal  one  being 
illusions  in^  perspective,  which  were  ob- 
tained in  the  several  ways  practiced  exten- 
sively by  the  modem  theatrical  scene 
painter.  The  long  nave  of  these  churches, 
flanked  on  either  side  by  aisles  separated 
from  them  by  arcades,  offer  the  best  chance 
in  the  world  for  a  distorted  perspective. 
It  was  found  that  they  sloped  the  floor 
upwards  or  dropped  the  height  of  the 
arches  as  they  advanced  toward  the  choir, 
in  many  cases  even  converging  the  walls 
and  varying  the  dimensions  between  piers. 
They  did  not  always  commence  these  reduc- 
tions in  the  height  of  the  arches  and  the 
spacing  of  the  piers  directly  at  the  entrance 
of  the  church,  but  often  began  the  deception 
part  way  down  the  length  of  the  church,  at 
the  place  where  the  eye  would  naturally  rest 
on  first  glancing  toward  the  choir 

In  Fig.  12  is  shown  a  longitudinal  section 
of  S.  Saba  at  Rome,  with  a  rising  slope  of 
the  pavement  toward  the  choir  of  1  foot  in 
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the  length  of  50  feet.  The  lines  of  capitals 
rise  at  the  eDtrance,  then  drop  toward  the 
choir.  One  might  naturally  think  that  such 
a  condition  was  produced  by  aneqoal  settle- 
ment This  cannot  have  been  the  case,  for 
the  arrangement  is  the  same  on  both  sides, 
and  occors  not  only  in  one  church  but  in 
many.  Frequently,  the  width  of  the  spans 
in  the  arcade  was  diminished,  the  amount 
of  diminution  being  considerable,  as  shown 
in  the  longitudinal  section  of  S.  Maria 
Novela  at  Florence  (Fig.  13).  It  will  be 
noticed  that  the  greatest  span  is  40.80  feet, 
while  the  least  is  27.80  feet,  a  reduction  of 
13  feet  in  the  direction  of  the  choir.  The 
effect  of  all  this  is  readily  discernible  when 
we  refer  to  Fig.  14,  which  shows  the  appar- 
ent increase  of  size  obtained  by  the  modern 
stage  setting.  Notice  that  the  floor  slopes 
upwards  and  the  overhead  scenery  down- 
wards, and  observe  how  the  eye  is  deluded 
into  believing  the  stage  to  be  twice  its  real 
depth,  the  illusion  being  augmented  consid- 
erably by  the  converging  of  the  scenery  in 
either  wing. 

The  converging  of  the  walls  is  a  com- 
mon occurrence,  and  exists  in  many  Italian 
churches  and  buildings.  Not  only  is  the 
interior  effect  obtained  in  this  manner,  but 
the  exterior  perspective  is  also  apparently 
increased.  This  is  espe- 
cially marked  in  S.  Giorgio  at 
Velabrum,  Rome,  where  the 
walls  converge  toward  the 
choir  17}  feet  in  the  length 
of  81  feet  In  Fig.  15,  a  plan 
of  the  Piazza  of  S.  Marco  at 
Venice  shows  the  apparent 
increase  of  dimensions  pro- 
duced by  the  converging 
side  of  the  Piazza,  for  in 
this  figure,  as  is  seen  by  the 
dotted  lines,  the  depth  of 
the  perspective  is  increased 
to  the  eye  at  least  50  per 
cent 

There  were  many  other 
devices  practiced  by  the 
master  builders  of  the  mid- 
dle ages  that  are  subtile  and 
difficult  to  discern,  and  have 
as  yet  been  undiscovered. 
Not  only  were  these  illusions 
practiced  in  large  cathedrals 
and  churches,  but  even  unimportant  build- 
ings were  sometimes  constructed  to  deceive 
the  observer  into  imagining  distances  that 
never  existed.  On  one  small  church,  San 
Ste&no,    outside   the  walls    at    Pisa,   the 


corbeling  along  the  cornice  of  the  clearstory 
is  diminished  as  it  retreats  from  the  front 
to  the  rear.  Not  only  are  they  made  less 
in  depth,  but  the  distances  between  the 
corbelings  are  reduced. 

A  few  words  more  to  show  to  what  extent 
the  architects  of  these  churches  understood 
illusions  of  sight.  In  St  Mark's,  at  Venice, 
the  piers  supporting  the  principal  arches  are 
sloped  outwurds  at  the  top.  This  increase 
of  span  between  the  base  of  the  pier  and  the 
spring  of  the  arch  cannot  be  accidental. 
They  were  too  careful  builders  for  that,  and 
it  is  not  possible  that  the  thrust  of  the  arch 
produced  this  deflection  from  the  vertical; 
for,  had  it  occurred,  the  original  mosaic 
would  have  been  destroyed,  and,  in  fact, 
the  vaulting  itself  could  not  have  withstood 
such  a  serious  change  of  form.  Notice  the 
outward  flare  in  Fig.  16,  which  is  a  sketch 
of  the  interior  of  St  Mark's,  Venice,  from 
the  facade  gallery.  The  total  widening  of 
the  piers  is  2.9  feet.  Fig.  17  shows  how  the 
wall  at  the  north  transept  in  the  same  build- 
ing is  flared  outwards  over  1}  feet  They 
even  spread  the  window  openings  somewhat, 
flaring  them,  the  same  as  the  piers,  outwards 
toward  the  spring  of  the  arch.  The  fagade 
of  S.  Ambrogia,  Milan,  shows  this  plainly, 
as  can  be  seen  from  Fig.  18.    This  manner 


Fig.  18 


of  building  is  different  from  that  practiced 
today,  for  the  architect  uses  his  level  and 
plumb-line  continually,  and  a  deviation 
from  one  or  the  other  is  a  serious  fault 
that  the  contractor  must  correct 
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We  Bee  strange  eights  in  large  cities  as  we 
look  at  and  note  carefully  the  architectural 
effect  produced  by  the  heterogeneous  build- 
ings in  close  proximity.  One  place  we  note 
a  building  with  a  very  steep  roof  against 
which  the  stone  finials  of  the  dormers  stand 
out  in  strong  contrast.  If  we  get  a  side 
glimpse,  where  the  sky  line  of  the  sloping 
roof  falls  adjacent  to  the  vertical  finial  of 
the  dormer,  the  finial  seems  to  lean  badly. 
The  effect  is  startling.  Again,  the  Gothic 
spire  of  some  near-by  church  will  throw  the 


plumb  comer  of  an  office  building  away  out 
of  line,  and  a  flagpole,  from  like  causes,  will 
seem  far  from  vertical.  In  modem  work, 
all  these  difficulties  cannot  be  remedied, 
but,  by  careful  study  of  optical  illusions, 
the  buildings  can  certainly  be  made  more 
pleasing  in  appearance — more  graceful  and 
lighter  in  effect — ^than  they  often  are,  and  tall 
buildings  may  be  apparently  lengthened  by 
corbeled  string  courses  or  carefully  disxxwed 
moldings,  which  arrest  the  attention  and  de- 
stroy all  tendency  toward  perpendicularity. 


POTENTIAL  ENERGY 


George  S.  Hodgins 

Stored  Up  Kinetic  Energy — Same  Amount  Expended  When  Changing  From  One  State 
TO  THE  Other — Electrical  Energy — ^Energy  Stored  in  Plants 


TYNDALL  tells  us  in  his  "Fragments  of 
Science''  that  ''a  body  cast  upwards 
consumes  the  actual  energy  of  projec- 
tion and  lays  up  potential  energy.''  A 
stone,  therefore,  if  thrown  vertically  up- 
wards, moyes  against  the  attraction  of  grav- 
ity, and  will  continue  to  go  up  until  all  the 
energy  it  had  received  has  been  expended 
in  motion,  when  it  will  pause  momentarily 
in  mid-air  and  then  begin  to  fall.  If  at  the 
instant  of  its  pause  the  stone  is  caught  upon 
a  projecting  shelf  or  beam,  it  will  lie  there 
perfectly  inert;  all  the  energy  that  had  been 
imparted  to  it  in  sending  it  skywards  will 
have  been  used  up,  in  order  to  enable  it 
to  reach  its  resting  place.  Its  active,  or, 
as  it  is  called,  kinetic,  energy  has  disappeared 
as  such;  but  in  its  place,  the  stone  now  has 
stored  up  energy,  with  reference  to  its  start- 
ing point,  which  may  be  called  the  poterUial 
energy  of  position.  The  stone  now  possesses 
the  capability  of  doing  work — of  causing  pres- 
sure to  act  through  distance — ^if  once  it  can 
move  down  again,  and  no  lapse  of  time  can 
alter  the  amount  of  this  stored  up  energy. 
If  the  stone  is  pushed  off  the  edge  of  its 
support,  it  will  instantly  begin  to  fall,  and, 
increasing  in  velocity  as  it  goes  down,  will 
do  the  same  amount  of  work  in  coming  to 
rest  at  the  level  from  which  it  started  as 
was  imparted  to  it  when  sending  it  upwards. 
The  kinetic  energy  has  again  been  trans- 
formed into  potential  energy;  but,  in  this 
case,  the  potential  energy  is  not  that  of 
position. 
Another  example  of  potential  energy  may 


be  seen  in  the  familiar  operation  of  winding 
up  a  watch.  Active  muscular  energy  of  the 
kinetic  kind  is  transmitted  from  the  hand 
of  the  operator  to  the  mainspring  of  the 
watch.  The  molecules  of  the  spring  are 
forced,  each  slightly  out  of  its  normal  state, 
and  made  reluctantly  to  assume  a  new 
position,  in  which  the  steel  is  under  stress. 
The  spring  has  received  the  actual  moving 
energy  of  the  operator's  hand,  storing  it  up 
and  hiding  it  for  the  time  being  in  the  slight 
molecular  distortion  of  the  spring.  The 
spring  now  possesses  what,  for  want  of  a 
better  name,  may  be  called  the  potential 
energy  of  molecular  displacement.  This 
potential  energy  stored  up  in  a  few  seconds 
will  be  given  out  by  the  spring,  slowly  and 
steadily  through  the  succeeding  hours,  and 
expended  in  driving  the  wheels  and  hands 
round  and  round,  against  frictional  resist- 
ance. The  molecules  of  the  tempered  steel, 
one  by  one,  will  assume  their  normal  posi- 
tions as  the  escapement  of  the  watch  gradu- 
ally and  rhythmically  frees  the  potential 
energy  and  renders  it  kinetic,  in  the  form 
of  heat  and  visible  motion.  The  inert  and 
lifeless  spring  acts  solely  to  regain  its  gtatu9 
quo  when  wound  up,  by  reason  of  the  active 
energy  it  has  received  and  stored  up  in  the 
compulsory  displacement  of  its  molecules. 
No  hidden  virtue  resides  in  the  tempered 
steel;  its  only  utility  is  its  ability  to  main- 
tain for  the  time  the  stress  of  molecular 
distortion,  rather  than  by  rupture  instantly 
liberating  the  kinetic  energy  with  which  it 
has  been  supplied.    It  is  simply  the  vehicle 
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through  which  the  kinetic  energy  of  a 
moment  ia  stored  up  in  the  potential  form, 
and  liberated  dowly  in  the  task  of  ooonting 
the  fugitive  hours. 

Electricity  may  exist  as  static  chaiges, 
and  under  such  drcnmstanoes  it  is  in  the 
potential  state.  When  the  plates  of  a  static 
machine  are  revolved,  electric  charges  are 
induced,  and  these  chaiges  may  be  collected 
on  the  coatings  of  a  Leyden  jar.  The 
muscular  eneigy  exerted  in  revolving  the 
plates  of  the  machine  thus  becomes  stored 
up  as  potential  energy,  and,  although  an 
electrical  tension  exists  between  the  inside 
and  outside  coatings  of  the  jar,  no  resistance 
is  being  overcome  and  no  work  is  done.  If 
a  wire  is  connected  to  one  coating  and  then 
brought  near  the  other  coating  a  spark  will 
jump  across,  and  the  potential  energy  will  be 
dissipated.  The  stored  up  potential  eneigy 
thus  becomes  active— work  is  done  in  forcing 
the  discharge  through  the  air,  and  the 
discharge  is  also  accompanied  by  a  flash  of 
light  and  a  certain  amount  of  heat  The 
discharge  has  thus  given  back  the  energy 
that  was  expended  when  the  plate  of  the 
static  machine  was  revolved. 

We  now  come  to  even  a  more  interesting 
example  of  this  wonderftd  potential  energy, 
the  one  par  excellence  on  which  depends 
all  our  industrial  achievements  and  material 
advancement  and  success.  It  is  one  of  the 
peculiar  characteristics  of  all  plants  that 
they  are  able,  by  means  of  the  chlorophyl, 
or  green  coloring  matter  of  their  leaves, 
when  bathed  in  the  sun's  rays,  to  separate 
carbon  out  of  the  carbonic-acid  gas  of  the 
atmosphere,  and,  retaining  the  carbon  in 
their  own  structures,  to  liberate  the  oxygen. 
The  growing  plant  exerts  this  disintegniting 
power;  it  forces  apart  two  substances  already 
combined— carbon  and  oxygen — ^retaining 
the  one  and  dismissing  the  other.  In  doing 
so,  it  has  rendered  latent,  or  to  speak  more 
correctiy,  it  has  stored  up  energy.  It  has 
seized  upon  an  inert  compound,  torn  the 
united  molecules  apart,  and  has  thus  isolated 
the  two  simple  substances  of  which  it  was 
composed.  In  so  doing  it  has  done  work  in 
its  own  peculiar  way,  just  as  certainly  as 
that  done  in  drawing  back  the  armature 
from  the  grasp  of  a  permanent  magnet.  It 
IS  to  the  energy  derived  from  the  sun 
that  this  wonderitd  transformation  must  be 
ascribed.  Its  light,  heat,  and  chemical  or 
actinic  rays  pour  upon  the  earth,  and  falling 
upon  plants  of  all  kinds,  afford  them  the 
means  of  using  the  eneigy  so  lavishly 
expended  in  adding  to  their  own  substance. 


The  oxygen  turned  loose  on  the  atmosphere 
has  not  lost  its  affinity  for  carbon.  It  retains 
that  as  strongly  as  before,  so  to  speak. 
More  correctiy,  the  separation  endows  the 
carbon  particle  and  the  oxygen  particle 
with  the  possibility  of  an  energetic  union, 
which  can  never  be  destroyed  until  com- 
plete union  is  again  restored.  The  isolated 
carbon  and  oxygen  are  said  to  possess  the 
potential  energy  of  chemical  separation, 
like  an  elastic  band  stretched,  requiring 
only  to  be  released  to  fly  back  to  its  former 
inert  position. 

The  separation  of  carbon  and  oxygen  that 
is  effected  by  plants  in  the  presence  of  sun- 
light is,  in  a  certain  sense,  analogous  to 
what  is  done  in  a  storage  or  secondary 
battery.  In  it  there  is  a  galvanic  cell  that 
contains  a  compound  body  which  is  really 
a  chemical  union  of  two  elements.  The 
compound  is  inert  and  passive.  Let  us  sup- 
pose that  an  electric  current  is  passed  into 
this  celL  The  current  acting  on  this  com- 
pound, which  possesses  no  energy,  will 
slowly  isolate  its  elements.  It  will  force 
these  differing  atoms  held  in  dose  union 
to  unloose  their  grasp  one  from  the  other, 
and  will  move  them  apart,  through  a  cer- 
tain deflnite  distance.  At  the  end  of  the 
operation  all  the  atoms  of  one  element  will 
be  found  clustered  around  one  pole  of  the 
battery,  and  those  of  the  other  element  will 
adhere  to  the  other  pole.  The  separation  of 
each  group  of  elements  will  be  as  distinct 
and  as  clearly  marked  as  would  be  the  separa- 
tion of  oil  and  water,  when  allowed  to  come 
to  rest  within  the  walls  of  some  containing 
vessel.  In  effecting  this  separation  of  ele- 
ments, the  kinetic  energy  of  the  current  has 
been  expended;  it  has  chemically  separated 
the  atoms,  and  in  so  doing  has  given  them 
the  potential  energy  of  chemical  separation. 
When  the  now  isolated  bodies  are  connected 
by  suitable  means  and  the  current  with- 
drawn, they  begin  to  unite  again  chemically, 
and  in  doing  so  liberate  the  separate  energy 
in  the  form  of  an  electric  current,  which 
flows  back  over  the  connecting  wire. 

We  have  seen  what  is  meant  by  the  poten- 
tial energy  of  chemical  separation,  with 
reference  to  carbon  and  oxygen.  The  forma- 
tion of  coal  is  a  natural  process  in  which  the 
flora  of  a  bygone  age,  with  its  isolated  carbon, 
has  been  submeiged  and  packed  down  under 
the  weight  of  thousands  upon  thousands  of 
tons  of  mineral  matter,  to  the  entire  exclu- 
sion of  the  air,  and  before  the  process  of 
rotting,  which  is  simply  slow  burning,  has 
taken  place.    Under  this  enormous  pressure, 
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deprived  of  air,  the  mass  of  vegetable  matter 
has  lain  for  untold  years,  its  moistoreand  its 
life  gone.  Still  it  has  rested  there,  with  the 
unappeased  longing,  if  one  may  so  say,  for 
the  union  it  once  had  with  the  oxygen  of 
the  air. 

In  the  later  days,  when  the  coal  has  been 
dug  up,  broken,  and  thrown  apon  the  grate, 
when  the  necessary  temperature  condition 
has  been  reached  for  which  it  has  waited 
through  centuries,  it  bursts  into  flame  and 
gives  out  the  energy  that  had  been  stored 
up  in  separating  it  from  the  oxygen,  in  the 
days  when  the  earth  was  young.  It  now 
gives  its  energy  back  in  the  form  of  light 
and  heat,  and  the  inert  compound,  which 
existed  long  ago,  is  the  result.  It  is  in 
virtue  of  this  potential  energy  of  chemical 
separation  that  coal,  and  indeed  all  fuels, 
have  their  value  in  the  eyes  of  man. 

It  was  therefore  true  in  substance,  though 
somewhat  poetically  expressed,  when  George 
Stephenson  said  to  Buckland,  as  they  were 
watching  a  moving  train,  pulled  by  one  of 
the  great  engineer's  new  engines,  at  a  time 
when  such  things  were  novelties:  "It  is 
light  bottled  up  in  the  earth  for  tens  of 
thousands  of  years— light  absorbed  by  plants 
and  vegetables,  being  necessary  for  the 
condensation  of-  carbon  during  Uie  process 
of  their  growth,  if  it  be  not  carbon  in 
another  form — and  now,  after  being  buried 
in  the  earth  for  long  ages  in  fields  of 
coal,  that  latent  light  is  again  brought  forth 
and  liberated,  made  to  work  as  in  that 
locomotive,  for  great  human  purposes." 

[This  article  deals  with  one  of  the  most 
beautiful  and  important  hypotheses  that 
have  ever  been  enunciated  by  physicists— 
the  conservation  of  energy.  According  to  this 
hypothesis,  eneigy,  like  matter,  cannot  be 
destroyed;  the  total  amount  of  potential 
and  kinetic  energy  in  the  universe  is  the 
same  now  as  it  was  ages  ago,  and  will 
continue  to  be  the  same  for  all  ages  to 


come.  In  Mr.  Hodgins'  first  illustration, 
that  of  a  stone  thrown  upwards,  the  kinetic 
energy  at  the  start  was  a  certain  amount, 
say  100  foot-pounds  per  second,  and  the 
potential  energy  zero.  At  one-fourth  the 
height  that  the  stone  ascended,  the  po- 
tential energy  was  then  100 Xi  =  25  foot- 
pounds per  second,  and  the  kinetic  eneigy 
100  —  25  =  76  foot-pounds  per  second.  At 
all  stages  of  the  ascent  the  sum  of  the 
potential  enetgy  and  kinetic  energy  was  100 
foot-pounds  per  second.  At  the  instant  that 
the  stone  reached  the  highest  point,  the 
potential  energy  was  100  foot-pounds  per 
second  (or,  rather,  100^  foot-pounds,  since  no 
time  can  be  specified)  and  the  kinetic  energy 
zero.  During  the  fedling  of  the  stone,  the 
operations  are  reversed— the  potential  energy 
is  decreasing  and  the  kinetic  energy  is  in- 
creasing. But  what  happens  when  tiie  stone 
strikes  ?  If  it  has  sufficient  eneigy,  the  stone 
will  bore  its  way  into  the  ground;  the  reeist- 
anoe  offered  will  transform  the  kinetic  energy 
of  motion  into  the  kinetic  energy  of  heat, 
which  in  turn  increases  the' temperature  of 
the  surrounding  air,  and  becomes  potential 
energy  once  more.  The  energy  is  not  lost 
even  now;  it  will  manifest  itself  again  under 
di^erent  conditions,  although  it  may  appear 
to  be  lost,  owing  to  its  exceedingly  small 
amount  compared  with  the  local  potential 
energy  in  the  atmosphere.  The  general 
tendency  seems  to  be  for  the  kinetic  energy 
to  change  to  potential  energy,  and  the  time 
will  undoubtedly  come  when  the  kinetic 
energy  of  the  earth  and  its  atmosphere  will 
have  all  changed  into  potentifd  eneigy. 
Long  before  that  time  comes,  all  living  things 
will  have  ceased  to  exist;  the  gases  compo- 
sing the  earth's  atmosphere  will  have  been 
solidified— in  other  words,  the  skies  will 
have  fiillenr— and  the  earth  wiU  then  resemble 
the  moon;  but  the  total  amount  of  energy  in 
the  universe  will  be  the  same  then  as  it  is 
now. — Ed.] 


RUSSIAN  WEIGHTS  AND  MEASURES 


THE  new  regulation  of  the  Russian  weights 
and  measures  was  officially  published 
August  18,  1899.  The  metric  system  is 
recognized,  and  its  use  is  made  optional. 
The  Russian  pound  is  made  the  standard  of 
mass  and  declared  to  be  equal  to  409.512 
grams;  avedro  is  to  contain  30  pounds  of 
distilled  water  at  a  temperature  of  16.6°  C, 


and  a  gametz  is  to  hold  8  pounds  of  water 
at  the  same  temperature;  the  unit  of  length 
is  the  arshin,  which  is  declared  to  be  equal 
to  71.12  centimeters.  It  is  worthy  of  notice 
that  in  these  regulations  the  pound  is  a  stand- 
ard of  mass  and  not  a  standard  of  weight, 
and  that  the  Russian  measures  are  defined 
in  terms  of  the  metric  system. 
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GRINDING   PAUCBT  8BAT8 


J.  F.  if.,  RoehesUfT,  N.  Y, 

About  six  moDths  ago  I  had  occaaion  to 
grind  down  the  seat  of  a  i-mch  hot-water 
faucet,  and,  not  having  reamers,  I  prepared 
a  round  stick  to  fit  in  the  faacet  when  the 
stem  was  removed. 
On  the  end  of  this 
stick  1  fastened  a 
washer  made  of 
hard  rubber  of  the 
same  size  and  kind 
as  used  in  the 
&uoet;  and  on  the 
fjftoe  of  the  washer  I  secured  a  piece  of  emery 
cloth  by  means  of  a  screw,  as  shown  in  the 
sketch.  1  then  put  the  stick  in  Iei  brace  and 
turned  it  until  the  seat  was  ground,  renew- 
ing the  emery  cloth  when  necessary. 


APPARATUS   POR   CUTTING   SMALL   RBCT- 
ANGLES  OP  GLASS 


F.  E.  Rogers,  Eatt  Orange^  N.  J. 


While  in  the  shops  of  The  National  Meter 
Works,  in  Brooklyn,  N.  Y.,  I  saw  the  simple 
and  effective  device  shown  in  the  accom- 
panying illustration,  for  flEunlitating  the  cut- 
ting of  the  small  glaas  covers  required  over 
the  registers  of  water  meters.  The  apparatus 
is  simply  a  board  A,  to  which  are  hinged 
the  two  boards  B  and  C,  the  hinges  bdng 
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indicated  9i  E,  E  and  F,  F,  The  boards  B 
and  C  have  narrow  slots  cut  through  them,  as 
shown  at  (?,  Gf,  G,  (?  and  IT, -ff,  jET,  jET,  H;  ^,  5, 
which  are  for  guiding  the  diamond  glass 
cutter.     The    operator,    when    using    the 


appliance,  lays  a  plate  of  common  window 
glaias  D  on  ^  and  then  folds  over  the  board  B. 
The  longitudinal  cuts  are  made  through  the 
slots  0,OfOfO,  which  guide  the  cutter  in  a 
straight  line  and  also  give  the  correct 
spacing.  After  cutting  the  longitudinal 
lines,  the  board  B  is  turned  back  and  the 
board  C  turned  over  the  glass  so  that  the 
lateral  lines  may  be  cut  in  the  same  way  as 
already  described.  The  seventh  dotted  line 
at  the  right  shows  that  the  glass  ''cuts  to 
waste,"  the  narrow  strip  /  being  rejected. 
After  the  longitudinal  and  lateral  lines  have 
been  cut,  the  operator  dexterously  breaks  the 
rectangles  apart,  the  whole  operation  being 
performed  in  less  time  than  that  required  for 
reading  this  description.  While  extremely 
simple,  the  obvious  utility  of  the  device  will 
undoubtedly  commend  itself  for  the  cutting 
of  small  sections  of  glass  for  other  purposes 
than  that  mentioned. 

SAPBTY  GUARD  POR  SBTSCRBW8 


a  B. 


I  SUBMIT  herewith  a  sketch  that  shows  a 
device  by  which  the  setscrews  in  collars  and 
pulleys  may  be  pro- 
tected so  that  there 
will  be  no  liability  of 
people  having  their 
clothes  caught  by 
them  and  thus  jeop- 
ardize life  or  limb.  It 
is  an  inexpensive  de-. 
vice,  and  consists  of  a 
short  piece  of  leather 
belting  passed  over 
the  setacrew  and  spliced  at  a,  as  shown  in 
the  accompanying  figure.  I  trust  that  this 
little  scheme  will  be  of  use  to  some  that  have 
under  their  management  much  moving 
machinery  close  to  employes. 


BMBRGBNCY  PU8B  PLUGS 

J.  W.  Hooley,  South  Botton,  Mass. 

A  SHORT  time  ago,  while  working  in  a 
building,  I  had  a  little  experience  that  may 
be  new  to  some  of  your  readers.  A  short 
circuit  occurred  in  one  of  the  lamp  sockets, 
blowing  the  fuse  plugs  in  the  cut-out,  thus 
putting  out  the  lights  on  that  circuit.    It 
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was  the  work  of  bat  a  few  moments  to  locate 
the  defective  socket  and  replace  it  with  a 
good  one,  but  as  the  shop  was  a  half  hoar's 
ride,  and  as  the  lights  were  in  demand, 
something  had  to  be  done  immediately.  In 
the  emergency,  I  took  two  bamed-oat 
lamps,  and  after  breaking  than,  twisted 
together  the  two  leading-in  wires.  These 
served  as  plugs  till  I  secured  two  of  the 
proper  style.     ^ 

BLACKSMITH  T0N08  AGAIN 


F,  W.  WUd,  BaUimort,  Md, 

I  HAVE  used  tongs  like  those  shown  in  the 
cut,  in  the  manual-training  school  here,  for 


M^t 


a  number  of  years.  These  tongs  will  hold  a 
greater  variety  of  shapes  and  sizes  than  those 
described  in  your  issue  of  last  August,  and 
hold  tighter.  The  advantages  of  the  V 
groove  and  the  opening,  or  spreading,  at  the 
back  of  the  jaws  are  obvious. 


ANOTHER    METHOD   FOR   BENDING    IRON 
CONDUITS 


Lon  Kalischer,  Lakewood^  N.  J. 


I  NOTE  the  remarks  of  your  Ohio  corre- 
spondent, in  the  April  issue,  in  relation  to 


the  bending  of  iron  armored  conduits.  Aside 
from  the  fact  that  it  is  contrary  to  the  under- 
writers' requirements  here,  he  goes  some 


distance  to  accomplish  the  same  thing  we 
have  been  doing  with  less  preparatipn.  In 
the  case  of  the  bend,  or  ell,  with  the  7-inch 
radius,  the  entire  stress  is,  by  his  method, 


on  the  outside  portion  of  the  conduit  in- 
serted in  his  base  block,  and  comes,  I 
believe,  uncomfortably  near  flattening  the 
end,  especially  if  the  end  is  threaded.  What 
most  of  the  '*boys"  use,  when  it  is  neces- 
sary to  "snake"  in  a  bend,  is  a  piece  of 


PlQ.t 

2//  y^  4//  spruce,  about  4  feet  long,  about  a 
foot  from  the  end  of  which  is  bored  a  hole 
just  large  enough  to  readily  admit  the  pipe. 
It  is  used  as  shown  in  Fig.  1.  When  neces- 
sary to  make  an  8  bend,  or  one  to  permit 
the  conduit  to  reach  a  side  bracket  from  the 
center  of  the  floor  where  there  is  not  enough 
clearance,  to  use  a  regular  ell,  the  first  bend 
is  made  as  shown  in  Fig.  1,  and  the  2'^  X  ^^' 
piece  is  then  laid  on  the  floor  and  completed 
(see  Fig.  2).    In  1896  I  made  a  jig  to  bend 


Fig.  4 


pipe,  which  was  a  little  more  finished  in 
detail,  but  it  did  not  seem  to  take  very  well. 
This  is  shown  in  Fig.  3.  The  combination 
contained  a  vise  that  could  ordinarily  be  used 
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far  catting  and  threading,  and  when  neces- 
sary to  make  a  bend  the  end  was  secorely 
clamped  in  the  vise,  after  first  having  been 
inserted  between  the  roller  and  bending 
block,  and  the  lever  then  broaght  forward; 
at  the  same  time  pressure  was  broaght  to 
bear  on  the  end  of  the  pipe  not  clamped  in 
the  vise.  The  block  and  roller  of  this  jig 
was,  of  coarse,  semicircalar  at  the  edges,  as 
shown.  While  this  scheme  at  the  time 
looked  very  feasible,  it  does  not,  I  thin^, 
compare  very  favorably  with  the  plain  piece 
of  2'^  X  4^^  sprace,  any  quantity  of  which 
can  be  had  in  any  bailding  daring  the  coarse 
of  constraction.  Again,  the  fireproof  fore- 
man woold  likely  have  a  word  to  say  if  the 
center  of  a  flat  arch  were  cat  to  admit  the 


condaits  in  the  tnanner  shown  in  Fig.  1.  It 
woald  more  than  likely  be  something  like 
Fig.  4.  If  the  condaits  cross  one  another, 
a  hole  not  mach  larger  than  the  oatlet  box 
is  necessary,  and  as  fireproofing  is  not  the 
nicest  thing  to  cut  to  measurement,  the  less 
cutting  the  better.  Where  more  than  four 
bends,  or  ells,  are  necessary,  a  curled  Ger- 
man silver  spring  is  usually  used,  to  the  end 
of  which  is  soldered  a  small  brass  bullet- 
shaped  nosing.  The  spring  is  about  i  inch 
in  diameter  and  from  9  to  15  inches  long. 
This  is  usually  soldered  to  the  end  of  the 
'* snake"  and  inserted  in  the  tube  first,  as 
it  readily  takes  the  ells.  I  have  "fished''  six 
ells  with  this  spring  as  readily  as  I  have  three 
ells  with  the  ordinary  loop-ended  snake. 


EDITORIAL  COMMENT 


THE  DIB8BL  MOTOR 


Wb  have  received  a  pamphlet  contain- 
ing copies  of  a  number  of  letters  in  which 
users  of  the  Diesel  motor  in  various  countries 
give  their  exx>erience  with  the  motor  and 
recommend  its  use  to  others.  The  pamphlet 
18  printed  in  German,  and  was  sent  to  us  by 
the  Bussische  Diesel  Motor  Company,  Nuem- 
beig,  Grermany. 

THB  BARD  ADJU8TABLB  BUSHING 

Thb  Armstrong  Manufacturing  Company, 
of  Bridgeport,  O^nn.,  have  brought  out  a 
new  appliance  for  use  with  die  stocks  of  all 
sizes,  which  is  shown  in  the  accompanying 
illustration.  Instead  of  the  usual  bushing 
for  steadying  the  die  on  the  pipe,  there  are 


three  hardened  jaws,  movable  in  or  out  by 
means  of  a  cam-plate  with  curved  slots 
engaging  a  projection  on  each  jaw.  When 
set  for  any  particular  size  of  pipe,  it  may  be 
locked  by  a  thumbscrew  provided  for  this 
purpose.    This  device  possesses  two  advan- 


tages over  the  ordinary  bushing:  First,  it 
can  be  adjusted  to  closdy  fit  the  pipe,  which 
prevents  the  cutting  of  drunken  threads. 
Second,  it  does  away  with  the  necessity  of 
carrying  a  lot  of  bushings  around  to  suit  the 
different  sizes  of  pipes  encountered.  It  is 
made  to  fit  any  die  stock,  and  will  take  any 
size  of  pipe  within  its  range.  Any  further 
information  in  r^;ard  to  this  device  can  be 
obtained  of  the  makers. 


HIGH -CLASS  MANTELS 


Now  THAT  the  cost  of  buying  and  erecting 
wood  mantels  and  fireplaces  can  be  figured' 
to  an  exact  amount,  a  large  number  are 
being  used.  To  accomplish  this  end,  the 
Alcott,  Boss  &  Scully  Co.,  Philadelphia,  Pa., 
have  done  more  than  all  other  houses 
combined.  Their  special  process  of 
mounting  the  tile  on  slate,  so  as  to  be 
readily  set  by  any  mason,  has  been  won- 
derfully successful,  giving  a  thoroughly 
first-class  job,  which  is  seldom  attained 
elsewhere,  except,  probably,  in  the  larger 
cities.  In  addition  to  this  they  offer  to 
prepay  freight,  the  goods  to  be  sent  on 
approval  and  returned  at  the  expense  of 
the  shipper  if  found  unsatisfactory.  This 
offer  applies  to  all  goods  shipped  east  of 
the  Mississippi  Biver  and  north  of  South 
Carolina,  with  an  equalization  in  case  goods 
are  ordo^  outside  of  these  limits.  They 
ofier  a  complete  line  of  goods  direct  from  the 
factory.  Their  illustrated  booklet  contain- 
ing prices  will  be  sent  free,  and  will  be  a 
safe  guide  in  solving  the  mantel  problem. 
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NOVBL  If  UCILAQB  TUBE 


Wa  HAVB  received  from  The  Weia  Binder 
Company  one  of  their  Weia  bnuh  mucilage 
tabes.  This  is  a  decided  novelty.  The  tabe 
is  shaped  like  an  ordinary  paint  tube.  On 
removing  the  metal  cap  a  brash  is  exposed, 
and  the  macilage  is  fed  to  the  brash  by 
squeezing  the  tube.  It  is  a  very  handy  and 
convenient  article. 


STBBL-WIRB  CLBANINQ  BRUSH 

Thb  Pilley  Packing  and  Flue  Brush  Mfg. 
Co.,  318  North  Main  Street,  St.  Louis,  Mo., 
have  recently  placed  a  wire  brush  in  the 
market  which  should  prove  useful  to  any 
mechanic  It  is  in  the  form  of  a  flat  brush, 
but,  Instead  of  being  made  of  bristles,  the 
brush  is  made  of  finely  tempered  steel  wires. 
It  may  be  used  for  cleaning  the  flanges  of 
cylinders  and  pipes  when  new  gaskets  are  to 
be  put  in;  it  is  well  adapted  for  cleaning 
boiler  fronts,  smoke  pipes,  and  other  fittings 
preparatory  to  painting;  it  is  also  intended 
for  the  cleaning  of  files,  castings,  the  removal 
of  rust,  and  similar  work.  If  this  brush  can- 
not be  obtained  from  dealers,  send  25  cents 
in  stamps  to  the  makers  for  a  sample. 


BOOK  NOTICB 


Talks  to  Young  Pbopls.  By  Henry 
Sabin,  LL.  D.  12mo,  92  pages.  Educa- 
tional Exchange,  Manhattan  Building,  Des 
Moines,  Iowa.    Price  75  cents. 

The  author  of  this  little  book  was  princi- 
pal of  the  High  School  of  Clinton,  Iowa, 
from  1874  to  1888,  inclusive.  Annually 
during  that  period  he  delivered  a  short 
address  to  the  graduating  class.  These 
addresses,  together  with  one  in  1891  to  the 
alumni  of  the  same  school,  make  up  the 
contents  of  the  book.  In  reading  them,  one. 
is  frequently  reminded  of  the  excellent  coun- 
sel given  by  Polonius  to  his  son  Laertes. 
The  diction  is  nervous  and  strong,  with  a 
refined  purity  that  is  impossible  without 
high  culture;  the  matter  has  everywhere 
running  through  it  a  rich  vein  of  common 
sense  and  accurate  knowledge  of  the  world — 
not  the  ideal  world  of  the  man  that  dreams 
and  theorizes,  but  the  real  world  of  the  man 
of  action. 

We  cannot  refrain  from  quoting  some 
thoughts  relative  to  the  great  work  in  which 
we  are  ourselves  engaged— that  of  educating 
the  craftsman,  the   producer  upon  whose 


brain  and  brawn  the  weal  and  progress  of 
the  world  so  greatly  depend. 

Speaking  of  the  insistent  needs  of  the  age, 
he  argues  for  manual  training: 

''The  demand  for  skilled  workmen  in  all 
departments  of  industry  is  rapidly  increasing. 
The  result  is  beneficial  in  a  marked  degree. 
Thought  and  action  are  coming  into  a  doee 
relation.  Every  product  of  the  hand  which 
expresses  the  conception  of  the  brain  adds 
something  to  the  power  of  the  worker.  Not 
alone  the  painter  or  the  sculptor,  but  the 
machinist  in  our  shops,  the  workman  in 
our  mills,  every  man  whose  employment 
requires  some  degree  of  manual  dexterity, 
is  placed  in  an  attitude  conducive  to  mental 
growth.'' 

Again,  he  says:  *'The  American  people 
are  a  thinking  people.  The  dinnet^pail 
brigade  in  our  cities,  the  men  on  our  fiurms, 
are  carrying  the  brains  of  the  nation.  In 
nothing  is  the  progressive  spirit  of  the  age 
more  manifest  than  in  the  management  of 
our  school  system.  And  yet  we  cannot 
deny  that  there  is  here  a  feeling  of  unrest, 
a  growing  determination  to  effect  radical 
changes  in  some  directions.  ***  *  Manual 
training  is  knocking  loudly  at  the  school- 
house  door.  To  some  of  us  it  may  prove  an 
unwelcome  visitor.  Its  tendency  is  to  uproot 
old  traditions,  to  unseat  old  prejudices,  to 
tear  down  old  idols  that  we  long;  have 
worshiped,  and  to  institute  a  new  order  of 
aflhirs.  I  do  not  believe  that  the  public 
school  has  fulfilled  its  mission.  My  con- 
fidence in  its  usefrdness  was  never  greater 
than  it  is  today,  but  I  cannot  banish  the 
question  from  my  mind  whether  it  is  not 
possible  so  to  modify  its  curriculum,  so  to 
enlarge  its  sphere,  as.  to  put  it  into  doeer 
touch  with  the  activities  of  life." 

To  the  educators  among  his  audience  he 
says: 

''We  need  your  aid  in  sifting  the  practical 
from  the  visionary,  the  real  from  the  fidse,  to 
the  end  that  we  may  add  to  the  curriculum 
of  our  schools  whatever  tends  to  strengtben 
the  intellect,  train  the  hand,  or  elilighten 
the  heart" 

Thus  the  learned  author  shows  himself  to 
have  been  one  of  those  educational  pioneers 
that  realized  the  twinship  of  the  school  and 
the  workshop,  of  science  and  handicraft. 
We  hope  that  his  wise  words  may  be  helpfhl 
to  many  readers. 
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NoTx.— iiddrets  att  leeterc  comiaAa^  qwtUont  to  he 
muuered  in  this  departmaU  to  Sczxncb  and  Indtotry, 
Saxmtont  Ak 

2.  Put  t/di  addnn  both  on  the  envdope  and  at  the 
head  4tf  the  letter. 

f .  Only  fueatfofM  <{r  general  interett  to  our  readere 
wabeanemred, 

S.    No  quetUone  wiU  be  anewered  by  mall. 

A.  J)rawtng$ortkelehe8aeoom§Kmtfinffipie8tion8thould 
be  made  on  a  eeparaU  eheet  of  paper,  and  should  be 
dtamm  a»  dearly  a»  poetMe, 

5.  The  noma  and  addreaeee  of  the  wrUere  mutt 
aeeompany  the  letters,  or  no  atteuHon  will  be  paid  to 
them.  Unless  otherwise  requested,  we  wdl  publish  only 
the  inUiaU  and  address  of  the  writer, 

6.  Btfertnee  to  inquiries  previously  answered  should 
gine  date  qf  issue  and  number  of  quesHon. 

7.  (tuetHans  ooMwt  be  answered  in  the  issue  of  the 
monih  immediatdyfoUowIng  their  receipt, 

B.  Any  book  not  oul  of  print  and  for  sale  by  regular 
dealers  may  be  ordered  through  the  magatine. 

9.  We  wiU  not  undertake  to  calculate  vdndings  qf 
dynamos  and  motors,  as  this  involves  considerable  work 
and  U  sddtm  jutHfled. 


Our  attention  hM  been  called  to  errors  In  the 
Answer  to  Inquiry  No.  179,  In  the  April  Issne.  The 
errors  committed  consist  In  Introducing  into  the  for- 
mala  for  /  the  diameters  instead  of  the  radii,  and 
the  snbstitntion  of  an  addition  sign  by  a  multiplica- 
tion sign.  The  correct  solution  of  the  problem  is  as 
follows: 

V  ^ "    '2  32.16^         2         "  82.16X576* 

Subscitnting  this  value  in  formula  (a),  we  get 


P  = 


250  V  X  640  X  6,001 


1,628.88  J. 


160XiX<X«2.16X676 
or  with  (  -  .06  sec.;  P  »  27,140  lb.,  nearly. 

«*» 

(240)  A  horse  is  tied  to  the  end  of  a  rope  100  ft. 
long,  the  other  end  being  Awtened  to  the  comer  of  a 
bam  25  ft.  square.  How  many  square  feet  of  ground 
can  the  horse  grace  over  T    J.  M.  H.,  Hermitage,  Pa. 

Aks.— The  method  of  finding  the  area  grased  over 
can  be  found  in  the  answer  to  a  similar  question 
that  was  published  in  Answers  to  Inquiries,  No.  77,  in 
the  March.  1896,  "  Home  Study  Magazine." 

»% 

(250)  Please  publish  a  method  of  diyiding  the  cir- 
cumference of  a  circle  into  any  number  of  equal 
parts.  J.  B.,  New  York.  nTy. 

Am.— There  is  no  general  geometric  method.  Either 
use  your  spacing  diyiders  or  your  protractor. 


will  it  \ 


^  ,  (a)  How  many  feet  of  (German  silver  wire 
[11  it  take  to  cut  down  10  volts  to  1  volt?  I  intend 
to  use  No.  18  B.  &  8.  wire  and  coil  It  into  spring  form 
for  a  resistance  box  to  use  in  connection  with  electro- 
plating, {b)  How  many  feet  will  it  take  to  cut  down 
1  volt  to  OT  W.  O.  B.,  Muscatine,  Iowa. 

Am.— (a  and  b)  Your  Inquiries  are  indefinite  and 
cannot  be  answered  with  the  Information  you  have  > 
given.  The  amount  by  which  a  resistance  will  cut 
down  the  voltage  depends  on  the  current  fiowlng 
through  the  resistance.  The  voltage  taken  up  by  the 
resistance  is  found  by  multiplying  the  resistance  in 
ohms  by  the  current  in  amperes.  No.  18  B.  &  8. 
(}crman  silver  wire  containing  18)(  nickel   has  a 


resistance  of  .118  ohm  per  foot.  If  you  wish  to  cut 
down  the  voltage  9  volts  when  a  current  of,  say,  2 
amperes  is  fiowlng,  the  resistance  required  would  be 


-  s  4.5  ohms,  itnd  this  would  require  ^' - 


>  88.1  ft. 


With  a  larger  current,  the  amount  of  resistance  would 
be  less.  The  best  way  to  cut  the  voltage  applied 
to  the  electroplating  bath  down  to  sero  is  to  open 
the  circuit. 

••• 

(252)  1  would  like  to  know  whether  I  can  get  free 
droulatlon  In  the  hot-water  incubator-tank  oon- 
Btraction  as  per  accompanying  sketch.    Will  drcu- 


i 


OuNef  of  M*t  aic-^ 


H»t,,>fiyt. 


Ovtltt-ofNot  air^ 


=® 


:-X0        ^oT  a/r//ue. 


R0turnpm—J 


latlon  be  in  the  direction  indicated 
by  the  arrows?  The  return  passage 
•has  no  communication  except  at 
the  points  indicated. 

J.  W.  W.,  Nashville.  Tenn. 
Am.— Yes,  provided  the  section- 
al area  of  the  return  current  is 
equal  to  the  sum  of  the  sectional 
areas  of  the  two  currents  that 
accompany  the  heated  water  fh>m 
the  cylinder  around  the  lamp 
chimney  to  the  fiat  pan  that  has 
the  hot-air  fines  through  Its  center. 
If  the  return  pipe  is  too  small, 
you  win  have  a  counter  circulation  in  the  lower 
opening  of  what  you  now  show  as  the  fiow  pipe. 

•% 

(258)  What  books  would  you  advise  me  to  study 
in  order  that  I  may  gain  a  faxt  knowledge  of  descrip- 
tive geometry?  B.  T.,  I>enver,  Ool. 

Am  —Warren's  "Manual  of  Elementary  projection 
Drawing,"  price  91.50,  is  a  good  book  for  beginners; 
while  MacOord's  **  Descriptive  Geometry,"  price 98.00, 
or  Davies's  "  Descriptive  (}eonietry,"  price  92.00,  are 
better  adapted  to  the  wants  of  more  advanced  stu- 
dents. Any  of  these  books  may  be  obtained  fh>m  The 
Technical  Supply  Oo.,  Scranton,  Pa. 

•♦. 

(254)  In  the  Wood  arc  dynamo,  the  number  of 
armature  colls  short-drcuited  between  the  2  brushes 
of  each  denomination  Increases  as  the  brushes  are 
moved  to  the  position  of  maximum  voltage,  and 
decreases  when  they  are  moved  to  the  pootlon  of 
minimum  voltage.  How  does  this  agree  with  Mr. 
Wood's  theory  that,  at  ftill  load,  commutation  takes 
place  in  a  stronger  field  that  at  light  load?  With 
mil  load,  a  smaller  number  of  armature  coils  will 


provide  counter  E.  M.  F.  sufficient  to  prevent  spark- 
ing, and,  with  ftill  load,  the  commutation  taking 
in  a  weaker  field,  it  is  necessary  to  short- 


circuit  a  larger  number  of  coils  to  provide  the 
requisite  £.  M.  F.  K  E.  T.,  JoUet,  111. 

Anb.— The  field  is  stronger  because  when  the  brushes 
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are  moved  to  the  ftiU-load  position,  the  back  ampere- 
turns  of  the  armature  are  less  and  the  armature  does 
not  have  such  a  demagnetizing  effect  on  the  field. 
The  belt  of  coils  short-circuited  by  the  brushes  is  also 
greater  at  full  load,  and,  since  these  coils  are  cut 
out,  the  back  magnetising  action  of  the  armature 
is  thus  farther  reduced,  and  the  consequence  is  that 
the  field  in  which  commutation  occurs  is  stronger  at 
ftOl  load  than  at  light  load. 


(2&5)  Please  explain  the  prinohile  of  the  Green- 
wood uniyersal  planer  chuck,  which  is  said  to  be 
adapted  for  planing  locomotiye  links  and  other 
parts  of  circular  form.         J.  R.,  Oowanesque,  Pa. 

Anb.— In  the  chuck  named  the  work  is  held  in  a 
Tlse  that  is  hinged  in  the  body  proper  of  the  chuck 


Fio.  1 

in  sach  a  manner  that  It  can  swing  in  a  vertical 
plane  parallel  to  the  motion  of  the  planer  bed.  This 
swinging  vise  carries  a  swlveled  crosshead  that 
slides  on  a  guide  bar  fixed  to  the  stationary  fhtme 
of  the  planer,  at  an  inclination  to  the  bed.  Fig.  1 
shows  the  arrangement  in  form  of  a  diagram.  A  B 
represents  the  vise  holding  the  work  swiveled  at  A, 
which  latter  point  moves  with  the  planer  bed  in  the 
dtreetlon  xy,  point  B,  by  virtue  of  the  crosshead, 
slides  on  the  guide  PQ  fixed  to  the  frame.  In  its 
motion  the  vise  A  B  will  successively  assume  posi- 
tions such  as  shown  at  ^i^i,  AtBt,  relative  to  the 
stationary  frame  of  the  ma'chlne,  including  the 
guide,  which  is  part  of  it.  The  same  rdaUve  motion 
between  vise  A  B  and  the  machine  frame  would 
result  if  we  considered  the  former  stationary  and 
the  whole  machine  in  motion  in  such  a  manner  that 
the  two  lines  xy  and  B  O  forming  the  fixed  angle  a 
with  one  another  would  always  pass  through  the 
fixed  points  A  and  J?,  respectively.  The  point  P 
of  the  machine  would  then  describe  a  elrole,  of 


FIG. 


KlLlCI  Hfi  npNin 


which  ^  B  is  a  chord,  and  whose  radius  is  equal  to 

zr—r  -,  which  follows  from  the  geometrical  theorem 
2  sin  a  *^ 

that  an  inscribed  angle  is  equal  to  one-half  the 
angle  at  the  center  intercepting  the  same  arc.  Point 
P  is  the  only  point  in  the  machine  that  has  a  circu- 
lar path,  considering  the  vise  AB  stationary,  or 
ivlth  respect  to  which  the  vise  and  the  work  it  holds 


will  have  a  circular  motion  while  sliding  on  P  <?  and 
X  y.  Henoe,  the  chuck  is  plaoed  on  the  planer  bed  in 
such  a  position  that  the  cutting  point  of  the  tool 
will,  as  near  as  possible,  coincide  with  this  point. 
Fig.  2  is  an  outline  perspective  view  of  the  Green- 
wood chuck.  It  can  be  used  without  the  guide,  as 
an  ordinary  chuck. 

*♦* 

(250)  (a)  A  bullet  is  fired  fix>m  a  rifie  vertically 
upwards.  When  It  returns  to  the  earth,  wfll  its 
velocity  be  the  same  as  when  it  left  the  gunT  lb) 
Will  the  distance  traveled  be  less  when  the  boliet 
is  fired  horlsontaUy  than  when  it  is  fired  vertieally  T 
G.  B.,  Gait,  Ontario,  Oan. 

Aire.~(  a)  As  soon  as  the  bullet  leaves  the  rifie,  grav- 
ity acts  on  it  to  keep  It  to  the  earth,  and  its  velocity 
decreases  until  the  bullet  momentarily  stops,  when 
It  begins  to  fall;  the  velocity  then  increases  until  the 
bullet  strikes  the  earth.  Since  the  height  through 
which  the  bullet  falls  is  the  same  as  that  throogfa 
which  It  ascended,  the  velocity  on  striking  would 
be  the  same  as  that  which  the  bullet  had  when 
leaving  the  rifle,  if  there  were  no  resistance  due  to 
the  air.  (b)  Neglecting  the  air  resistance  and 
assuming  the  velocity  of  the  bullet  on  leaving  the 
rifle  to  be  1,200  ft.  per  second,  the  height  to  which 

ttwooldrtoewooldbeA-^  -^1^,  =  32jn 

ft.  This  is  a  fiar  greater  distance  than  any  rifie  could 
carry  if  held  horlxontally  and  fifed  by  a  man  stand- 
ing on  the  ground. 

«*« 

(257)  (a)  What  is  the  meaning  of  the  tenn  '*  elty 
base  of  levels  "  T  Is  it  a  term  used  with  reference  to 
the  high-water  mark  of  a  city  on  the  ooast?  (b) 
Kindly  give  me  the  name  of  a  Dook  treating  on  the 
design  of  the  Joy  valve  gear;  or,  if  it  is  not  too  much 
trouDle,  please  explain  it  in  your  columns. 

W.  C.  C,  Cleveland,  Ohio. 
Anb.— (a)  A  city  base  of  levels,  or  dty  datum,  is  an 
imaginary  horlsontal  surfkoe  arbitrarily  assumed  at 
a  certain  distance  below  some  permanent  object. 
The  elevation  of  this  Imaginary  surfiaoe  is  assumed 
to  be  sero,  and  in  running  levels  the  elevations  of  all 
points  in  the  dty  are  referred  to  this  imaginary 
surfiice,  or  dty  base;  that  is,  the  elevations  are 
recorded  by  their  distances  above  the  dty  base. 
The  dty  base  is  always  taken  below  the  lowest  point 
in  the  city.  It  is  sometimes  assumed  at,  say,  100, 200, 
or  500  ft.  below  some  permanent  point,  such  as  a  point 
on  the  masonry  of  a  large  building;  or,  if  the  dty  is 
near  tidewater.  It  is  commonly  taken  at  the  elevation 
of  mean  tide.  The  latter  method  is  being  gradually 
extended  Inland  as  iut  as  connecting  levels  can  be 
established,  (b)  We  do  not  know  of  any  book  that 
gives  information  regarding  the  design  of  the  Joy 
valve  gear,  and  it  ii  Impracticable  for  us  to  try  to 
explain  It  in  these  columns.  You  can  probably  get 
the  information  you  need  by  Vrlting  to  the  Inventor 
and  patentee,  David  Joy,  M.  I.  C.  E.,  London,  Eng. 
• 
*  • 

(258)  (a)  What  is  meant  by  a  shunt-wound  arma- 
ture? whai  is  meant  by  (6)  shunt  fields?  (c)  exdtlng 
the  fields?  (d)  What  is  the  object  of  an  exdterT 
(e)  In  starting  a  street  car.  do  both  motors  propel 
the  car  when  the  controller  is  on  the  first  noton  ? 

T.  R.  Paul  Kruoxb,  Transvaal,  Jamaica,  B.  W.  L 
Ans.— (a)  There  is  no  such  thing  as  a  shunt-wound 
armature  so  far  as  we  are  aware.  You  probably  refer 
to  an  armature  used  for  a  shunt-wound  dynamo. 
The  same  armature  might,  however,  be  used  in 
either  a  shunt-wound  or  series-wound  field,  (b)  A 
shunt  field  is  one  that  is  exdted  by  a  winding  con- 
nected in  parallel  with  the  armature.  In  this  type 
of  winding  only  a  small  part  of  the  current  passes 
through  the  field  coils,  and  it  Is  so  called  to  denote 
the  fact  that  a  part  of  the  current  is  "  switched  off," 
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or  "ihimttd/'  Around  the  field  coils,  to  diatlngolih 
it  ftom  Miiee  field  when  the  whole  coirent  fiowi 
through  the  field  coils,  (c)  By  exciting  the  field  is 
meant  the  piocess  of  setting  up  magnetism  through 
the  armatnre  of  a  dynamo  hy  sending  a  current 
around  the  magnetising  ooUs  wound  on  the  field- 
magnet  frame,  (d)  An  exciter  is  a  small  direotp 
current  dsmamo  used  to  frvnish  the  current  for 
exciting  the  fields.  Exciters  are  used  only  with 
alternators,  since  direct^mrrent  machines  fttmish 
their  own  current  for  exciting  the  fields.  («)  When 
the  controller  is  on  the  first  notch,  hoth  motors  are 
in  series  with  the  whole  of  the  resistance,  hence  the 
current  that  fiows  through  one  motor  also  fiows 
through  the  other  and  both  motors  propel  the  car. 

.*♦ 

(259)  (a)  Do  you  know  of  any  good  arrangement 
for  storing  boiler  plates,  such  as  might  be  used  in  a 
regular  bimer  shop,  either  in  the  shape  of  a  rack  or 
stand  r  (&)  What  method  have  thej  of  handling 
these  plates  where  they  have  stands? 

J.  B.  C,  Montreal,  Can. 
Am.— (a  and  b)  As  the  arrangement  of  rack  and 
method  of  handling  the  plates  depend  on  the  loca- 
tion of  the  storeroom,  the  amount  of  material 
handled,  the  space  and  fiscilities  available,  the 
anu>unt  of  m(mey  you  wish  to  spend,  etc.,  we  would 
advise  you  to  go  to  difliarent  boiler  shops  and  see  how 
other  people  do  it  Select  all  the  good  points  you 
dlsooTer,  and  then,  using  your  ingenuity,  design  a 
rack  suitable  for  your  shop.  By  this  means  you 
will  get  a  more  suitable  design  than  we,  not  knowing 
anything  of  the  modifying  conditions,  could  suggest. 

(260)  (a)  Would  it  be  possible  to  get  a  battery  or 
batteries  powerfol  enough  to  supply  current  for 
operating  a  16  c.  p.  lamp?  Vb)  What  would  such  a 
battery  costT  (e)  would  Leclanoh^  cells  answer  the 
purpose  r  (d)  Would  it  be  necessary  to  have  a  rheo- 
stat? I  wish  to  use  the  lamp  for  reading  purposes. 

J.  A.  K.,  Marsvllle,  Out..  Can. 
AicB.— (a)  It  would  be  possible  to  operate  a  16  c  p. 
lamp  by  means  of  primary  batteries,  but  it  cannot 
be  recommended  as  a  very  cheap  or  convenient 
means  of  securing  electric  light.  (6)  A  primary 
battery  large  enough  to  operate  a  16  c  p.  lamp  for, 
say,  50  hours,  without  recharging,  would  cost  in  the 
ndghborhood  of  140.00.  The  number  and  sise  of 
cells  required  would  depend  altogether  on  the  style 
of  lamp.  This  estimate  is  based  on  the  use  of 
Edison-Lalande  cells,  which  are  about  as  satis- 
Iketoty  a  form  of  primary  cell  as  can  be  obtained 
for  this  kind  of  work,  (c)  Leclanch6  cells  would 
not  be  suitable  for  this  work,  as  they  are  not  capable 
of  ftimishing  a  steady  current.  They  are  only 
Intended  for  use  on  circuits  where  current  is 
required  for  short  intervals,  (d)  It  should  not  be 
necessary  to  use  a  rheostat  if  the  cells  are  oon- 
neeted  up  so  as  to  give  the  pressure  required  by 
the  lamp. 

»*. 

(261)  I  have  a  dynamo  with  an  11"  pulley,  making 
l.tfO  R.  P.  M.,  belted  to  a  4'  y'  pulley  on  a  water- 
wheel  making  261 R.  P.  M .  The  power  is  only  capable 
of  generating  160  amperes.  If  I  put  in  a  slow- 
need  dynamo,  say  of  600  R.  P.  M.,  what  will  be  the 
sise  of  the  pulley  on  the  new  machine  and  how  many 
16  o.  p.  lamps  of  M  watts  at  110  volts  will  my  power 
operator  By  increasing  the  pulley  on  the  dynamo, 
I  will  gain  power,  but  i  do  not  know  how  much. 

G.  W.  T.,  Crested  Butte,  Col. 
Amb.— Ton  are  mistaken  about  the  gain  in  power. 
Changing  the  pulley  on  the  dynamo  will  not  enable 
you  to  operate  any  more  lamps,  and  a  slow-speed 
dynamo  wiU  not  operate  any  more  lamps  with  the 
power  at  your  disposal  than  the  high-speed  machine, 
unlets,  perhaps,  the  slow-speed  machine  should  hap- 
pen to  have  a  little  higher  efllciency  than  the  other. 


The  gain  on  this  account  would,  at  best,  be  but 
slight.  You  must  have  a  certain  amount  of  power 
at  the  waterwheel  for  every  lamp  operated,  and  if 
you  have  not  enough  power  at  the  waterwheel,  you 
will  not  be  able  to  operate  any  more  lamps,  no 
matter  what  combination  of  pulleys  or  what  type  of 
dynamo  you  use.  For  a  machine  at  600  R.  P.  M.,  you 
would  need  to  use  a  pulley  on  the  dynamo  about  28 
in.  in  diameter. 


(262)  (a)  Suppose  we  have  two  motors,  one  a 
shunt-wound,  and  the  other  a  seriea- wound,  machine; 
also,  suppose  the  current  for  which  they  are  wound, 
their  current  capacity,  and  their  speed  are  not 
known,  how  could  you  find  what  voltage  and  current 
they  are  suited  for?  (b)  How  can  I  fix  a  negative 
BO  as  to  use  it  as  a  lantern  slideT 

K  L.  D.,  Washington,  D.  C. 

Am.— (a)  You  have  given  us  very  scant  informa^ 
tlon  on  which  to  base  any  answer  to  this  question. 
We  presume  that  both  maohinesiare  designed  for 
direct  current.  In  the  case  of  the  shunt  machine, 
connect  the  shunt  field  in  series  with  a  lamp  resist- 
ance to  a  source  of  current,  and  see  what  current 
can  be  sent  through  it  continuously  without  over- 
heating. The  voltage  across  the  terminals  of  the 
field  under  these  conditions  will  be  somewhere  near 
the  voltage  for  which  the  machine  was  designed. 
To  determine  the  current  capacity,  operate  the 
machine  on  this  voltage  and  gradually  increase  the 
load  until  the  machine  is  taking  as  much  as  it  will 
stand  without  overheating  the  armature.  You  may 
also  obtain  a  rough  idea  as  to  the  current  capacity 
by  examining  the  sise  of  wire  on  the  armature.  The 
current  in  the  armature  wire  should  not  exceed  1 
ampere  for  every  600  eirenlar  mils  cross  sectional 
area.  If  it  is  a  two-pole  machine,  there  will  be  two 
paths  through  the  armature;  hence,  you  can  have  2 
amperes  in  the  outside  circuit  for  every  500  circular 
mils  of  armature  conductor.  There  should  be  about 
800  or  900  circular  mils  for  each  ampere  in  the  field 
coils;  hence,  you  can  determine  what  the  approxi- 
mate field  current  should  be,  and  this,  multiplied  by 
the  field  resistance,  will  give  the  voltage.  In  the 
case  of  a  series  machine,  you  can  determine  the 
approximate  current  capacity  by  allowing  800  or 
000  circular  mils  per  ampere  for  the  series  field 
winding.  The  machine  may  be  run  as  a  dynamo 
under  load,  and  the  voltage  across  Its  terminals 
measored  when  It  is  delivering  the  estimated  current 
and  running  at  a  speed  suitable  for  the  machine. 
The  peripheral  speed  of  the  armature  should  not 
exceed  8,000  ft.  per  minute,  and  besides  you  should 
be  able  to  tell  from  the  sise  and  general  construction 
of  the  machine  as  to  the  speed  it  will  be  safe  to  run 
at  (b)  Negatives  cannot  be  used  directly  as  lantern 
sUdes,  but  slides  may  be  printed  from  the  negative 
in  the  ordinary  way,  as  for  paper.  To  make  a  lantern 
slide,  a  small  dry  plate  8^^'  X  4"  is  placed  in  contact 
with  the  negative  in  the  printing  frame  and  exposed 
to  artificial  light  from  5  to  20  seconds,  according 
to  the  density  of  the  negative,  developed  in  the  usual 
manner,  and  fixed  in  hsrposulphite  of  soda.  This 
gives  a  positive  on  glass  that  may  be  projected  upon 
the  screen  with  the  magic  lantern.  If  the  negative 
is  larger  than  the  standard  lantern-slide  plate,  it  is 
necessary  to  reduce  it  in  order  to  make  the  positive. 
This  may  be  accomplished  by  placing  the  negative 
against  a  window  in  such  a  manner  that  the  light 
fit>m  a  dear,  unobstructed  sky  passes  through  It. 
Then,  setting  the  camera  up  In  frt>nt  of  it,  it  is  pho- 
tographed on  a  lantern-slide  plate  placed  within  the 
plate-holder  of  the  camera.  Complete  information 
on  the  preparation  of  lantern  slides  will  be  found  in 
'*  Photo  Miniature,"  No.  9,  price  25  cents;  for  sale  by 
The  Technical  Supply  Co.,  Scranton,  Pa. 
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(263)  Pleaie  glye  me  your  opinion  of  the  aooom- 
IMmying  indicator  cardi,  and  tell  me  how  mach  coal 
can  be  laved  by  letting  the  yalvee  properly.  The 
cards  were  taken  ftom  an  old  Fiihkill  ilidre-valye 
engine  with  a  Meyer  podtiye  cutoff.  Cylinder, 
li'^X  8(K';  R.  P.  M..  10;  boiler  prewire,  flO  lb.  gauge; 
■cale  of  spring.  30.  Q.  E.  W.«  Catskill,  N.  T, 

Ajxs.^JI  the  eards  are  a  correct  indication  of  the 
action  of  the  engine,  they  show  about  as  bad  a  state 
of  affairs  as  it  is  possible  to  imagine.  A  measure- 
ment of  the  diagrams  shows  a  mean  eflidctiye  pres- 
sure for  the  head-end  of  less  than  4^  lb.  per  sq.  in. 
and,  for  the  crank-end,  the  mean  eiActiye  pressure 
is  but  little  more  than  9  lb.  The  indicated  horse- 
power shown  by  the  cards  is  only  11  H.  P.  If  the 
engine  is  doing  no  more  work  than  is  indicated  by 


■  A/#^dt^ 


copper  plate  as  near  the  bottom  of  the  cell  as  pos- 
sible, being  careftil,  also,  to  see  that  the  wire  is  coy- 
ered  with  its  insulation  down  close  to  that  point  T 
Without  seeing  it,  we  would  say  that  it  was  due  to 
local  action  caused  by  impure,  improper,  or  defect- 
iye  materials,  or  to  improper  setting  up  of  the  cells. 

••♦ 

(266)  (a)  Will  3rou  please  inform  me  how  to  pre- 
pare a  battery  r  All  I  haye  is  some  white  powder, 
(b)  How  do  you  connect  the  battery  to  a  motor  to 
run  it?  J.  C,  Carthage,  Mo. 

Ams.— (a)  We  do  not  know  what  the  white  powder 
is  that  you  refer  to,  hence  cannot  giye  instructions 
for  making  a  battery.  If  you  wish  to  make  a  battery 
for  running  a  small  motor,  we  can  recommend  the 
one  described  in  SaBNCx  and  Industry,  April,  1900. 
Answers  to  Inquiries,  No.  144.  (6)  Connect  the  ter- 
minals of  the  battery  to  the  tenninals  of  the  motor. 


^.^onA 


MisraraMTn- 

these  cards,  no  modification  of  the  yalye  setting  will 
make  it  reasonably  economical  in  its  use  of  steam: 
the  best  thing  to  do  is  to  get  a  new  engine  of  a  size 
suitable  for  the  work.  It  is  possible  that  the  cards 
do  not  glye  a  correct  indication  of  the  conditions; 
the  indicator  or  its  connections  may  haye  been 
imperfect,  thus  producing  diagrams  that  are  not  a 
fair  representation  of  the  actual  conditions. 

••• 

(264)  (a)  Are  lightning  arresters  now  used  to  any 
great  extent  on  t^egraph  lines,  and  are  they  consid- 
ered effectiye  in  preyenting  the  burning  out  of 
telegraph  instruments  r  (b)  What  are  the  chief  essen- 
tials in  Ditnminous  and  lignite  coals  for  best  results 
in  burning  in  a  locomotiyeT  What  percentage  of 
moisture,  yolatile  matter,  fixed  carbon,  and:  ash 
should  a  good  steaming  coal  haye?  (e)  How  can 
you  tell  whether  a  coal  is  bituminous  or  lignite  T 
P.  J.  A.,  Edgemont,  8.  Dak. 

Aivs.— (a)  Yes;  they  are  used  and  are  effectiye. 
Of  course,  an  instrument  may  now  and  then  be 
damaged,  but  a  good  type  of  arrester  practically  pre- 
yents  bum-outs.  (6)  The  question  is  not  clearly 
put.  The  essential  porta  or  ingredients  are  carbon 
and  hydrogen;  the  essential  concUHont  are,  as  in  the 
combustion  of  any  other  coal,  that  there  shall  be  a 
sufficient  supply  of  air,  thoroughly  mixed  with  the 
ooal  and  gases,  at  a  sui&ciently  high  temperature. 
A  ooal  that  contains  8&j(  of  carbon,  12)6  of  yolatile 
matter,  and  8;;  of  ash  is  a  good  steaming  coal. 
The  best  ooal  for  steaming  purposes  that  we  are 
acquainted  with  Is  that  used  in  England  for  steam- 
ship trials.  An  analysis  of  a  specimen  of  this  gaye 
the  following  result:  90.27^  carbon,  4.89)(  hydrogen, 
.60j(  sulphur,  A9i  nitrogen,  and  4.16^  oxygen,  (c) 
Lignite  is  a  dull-looking  coal,  and  more  easily  broken 
up.  It  contains  much  less  carbon  than  does  bitumi- 
nous coal. 


(266)  What  causes  the  coppers  in  the  short  end  of 
a  gravity  quadruplex  battery  to  become  corroded  at 
the  top  so  much  as  to  cause  connections  to  break? 
The  short  end  is  to  line  when  both  keys  are  closed, 
working  to  a  dynamo  current  at  the  other  terminal, 
yoltages  so  adjusted  as  to  glye  no  current  on  main- 
line nde  with  all  four  keys  closed.  The  above  effect  is 
noticed  about  8  weeks  after  the  battery  is  entirely 
renewed.  R.  O.  M.,  Bloomington.  III. 

Ans.— In  the  first  place,  the  short  end  of  the  battery 
is  worked  much  harder  than  the  long  end,  and  If  the 
same  trouble  affected  both,  it  would  be  shown  much 
quicker  in  the  short-end  cells.  Are  you  carelUl  to 
place  the  point  where  the  copper  wire  joins  the 


(267)  (a)  Which  water  motor  will  develop  the 
most  power,  one  with  a  12"  or  one  with  a  16"  wheel, 
both  working  under  the  same  conditions,  and  what 
would  account  for  any  difference T  (b)  How  much 
power  will  a  water  motor  develop  with  4"  supply 
pipe  and  2"  discharge  nozzle,  under  a  head  of  30  it.? 
7e)  What  size  of  wheel  would  give  best  results  under 
the  conditions  named  in  question  (h)  T 

J.  B.  R.,  Norwich,  Conn. 

An8.— (a)  It  is  probable  that  the  diflRsrence  would  be 
scarcely  perceptible,  although  under  some  oonditions 
the  larger  wheel  might  deliver  a  little  more  power 
than  the  other.  (6)  Without  knowing  the  length  of 
the  4"  pipe,  it  is  impossible  to  calculate  the  amount  of 
power  that  could  be  obtained.  Considerable  energy 
will  be  absorbed  in  overcoming  the  frictional  resist- 
ances to  flow  through  a  pipe  of  this  slse;  if  the  pipe  is 
very  long  or  crooked,  the  fk'ictional  losses  might  be  so 
great  that  but  little  would  be  available  at  the  nozsle. 
(c)  The  best  size  of  wheel  depends  on  the  work  it  is 
to  do,  as  well  as  on  the  head  and  the  quantity  of 
water  used.  Your  statement  of  the  condiUons  is 
too  meager  to  enable  us  to  make  an  estimate. 


(268)  I  send  you  blueprint  of  a  steam  shovel  that  is 
mounted  on  two  trucks.  The  ftont  truck  can  be 
moved  backwards  or  forwards  by  Jacking  up  the 
front  end  of  the  platform,  and  has  on  it  a  turntable 
that  will  allow  the  shovel  to  be  turned  around 
when  the  center  of  the  table  falls  under  the  center 
of  gravity  of  the  shovel.  The  engine  has  an  8"  x  11" 
cylinder,  and  carries  100  lb.  steam  pressure.  The 
ratio  of  the  gear  on  the  crank-shaft  to  the  gear  on 
the  drum  is  1 : 5,  and  diameter  of  drum  is  16  in. 

(a)  How  can  I  find  the  center  of  gravity  of  the 
shovel?  (6)  What  is  the  maximum  pull  the  engine 
can  transmit  through  the  chain  to  the  dipper? 

W.  H.  W.,  Toledo,  Ohio. 
Ans.— (a)  To  ealculale  the  center  of  gravity,  apply 
the  method  of  moments  described  under  the  head- 
ing "  Center  of  Gravity  "  in  the  **  Mechanics'  Pocket 
Memoranda."  It  may  be  determined  experimentally 
with  greater  accuracy,  or  at  least  with  greater  cer- 
tainty of  obtaining  the  correct  result,  by  placing  the 
fh>nt  truck  on  a  pair  of  railway  scales  and  weigliing 
the  machine  for  diflierent  positions  of  the  front  truck. 
The  platform  of  the  shovel  should  be  level  whenever 
a  reading  is  taken.  That  position  of  the  truck  that 
gives  the  highest  reading  on  the  scales  is  the  position 
of  the  truck  when  the  shovel  is  balanced;  that  is, 
when  the  center  of  the  truck  is  under  the  center  of 
gravity  of  the  shovel.  When  taklQg  the  reading, 
no  part  of  the  rear  truck  must  touch  the  scales. 

(b)  Neglecting  all  frtctlonal  and  other  losses,  the 
greatest  force  the  engine  can  transmit  to  the  chain 
is  (neglecting  the  ratio  of  the  crank  to  the  connect- 
ing-rod) 8«  X  .7864  X  100  X  H  X  f  =  17,278.8  lb.,  say 
17,280  lb.  Assuming  that  there  is  a  loss  of  20^  due  to 
friction  and  other  causes,  the  maximnm  available 
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force  !■  17,280  X  .80  ==  13,824  lb.  The  number  11  is 
the  diameter  of  the  crankpin  circle,  which  is  the 
same  as  the  stroke. 

« 
«  * 

(209)  In  makinc  a  new  Jacket  for  a  looomotiye. 
is  there  any  way  of  laying  oat  the  sweep  of  the  sand 
and  steam  dome  withont  first  making  and  fitting  a 
templet,  which  means  lost  time?  The  diameter  of 
the  steam  dome  is  40  in.,  and  the  diameter  of  boiler 
is  54  in.  J.  T..  Ottawa.  Kan. 

A2I8.— In  Fig.  1,  abed  represents  the  dome,  and 
be  eg  the  barrel  of  the  boiler.  On  a  d,  as  diameter, 
describe  the  semicircle  afd,  and  divide  the  qnadiant 
a/  into  a  convenient  number  of  equal  parts,  say  6,  at 
i.  f,  5, 4,  and  5.  From  points  i,  f , . . .  /,  drop  perpen- 
diculars cutting  a  A  in  points  i',  s',. .  .h,  and  the  arc 
b^  of  the  boiler  in  points  $,  7,  8,  9, 10,  and  g,  respect- 
ively. Next,  lay  out  ABto  represent  the  jacket,  and 
draw  the  center  line  Co  C,  Fig.  2.  From  o,  etc.,  lay 
off  0-1,  i-f .  f-^, . . .  6-6,  equal,  respectiyely,  to  the 
arcs  g-W,  10-9, . . .  6-b;  and  then  draw  the  perpen- 
diculars 0-7,  IS, . . .  5-if  equal,  respectively,  to  hrf. 


Fig.  1 


Fig.  2 


5^-5, .. .  V-l.  Draw  a  curve  through  the  points  7, 8, 
9,...ii,6.  This  will  give  one  quarter  of  the  outline 
of  hole  required  in  the  Jacket.  The  remainder  is 
found  in  the  same  way.  When  the  sheet  AB  is  bent 
into  a  drele  of  the  same  diameter  as  becg,  the  pro- 
jection of  this  hole  will  be  a  circle  of  diameter  a  d. 


(270)  (a)  Are  there  any  books  containing  formulas 
for  calculating  the  pressures  in,  and  the  thickness 
of,  steel  required  for  stand  pipes  and  round  and 

Suare  steel  tanks  filled  with  water?  (b)  What  is 
e  formula  for  calculating  the  proper  diameter  of  a 
bell-bottom  stack  of  a  given  sise,  so  as  to  obtain  the 
proper  slope  of  the  bell  T  (c)  How  are  photographs  of 
drawings  made,  and  is  it  possible  to  make  them  with 
a  4"  X  5"  adjustable  focus  camera?  (d)  Name  a 
cheap  and  good  book  on  strength  of  materials  suit- 
able for  a  student,  (e)  Please  name  two  good  books 
treating  exclusively  on  cuts,  templets,  and  devel- 
opmenu.  (/)  Please  show  me  how  to  develop  the 
sheets  for  the  Joint  shown  in  the  accompanying 
sketch.  R.  C.  W..  (3oatesville.  Pa. 

Aii8.~(a)  Tha  general  principles  on  which  the 
relations  between  the  sizes  of  tanks  and  prevures  in 
tanks  are  based,  are  found  in  all  good  books  on  ele- 
mentary mechanics,  and  the  general  methods  of 
estimating  the  strength  and  thickness  of  plates 
required  to  withstand  the  pressures  are  found  in 
books  on  the  strength  of  materials.  Without  a  good 
knowledge  of  these  principles  it  will  be  difficult 
to  do  sncoessftal  work  in  designing  such  structures. 
"  Kent's  Mechanical  Engineer's  Pocketbook,"  price 
S5.00,  and  "The  Theory  of  Modem  Framed  Struc- 
ture" by  Messrs.  Johnson,  Bryan,  and  Tnmeaure, 
price  $10.00,  are  the  two  books  that  contain  the  most 
practical  information  on  the  design  of  stand  pipes 


that  we  know  of.  They  may  be  obtained  Arom  The 
Technical  Supply  Go.,  Scranton,  Pa.  (6)  So  far  as 
we  know,  there  is  no  definite  formula  for  this  pur- 
pose. .  The  diameter  of  the  base  of  a  steel  stack  is 
made  great  enough  to  secure  sufficient  strength  in 
the  bottom  Jointa  and  in  the  foundation  bolta  to 
resist  the  overturning  effect  of  the  heaviest  wind 
pressure  to  which  the  stack  is  likely  to  be  subjected. 
The  amount  of  spread  to  be  given  the  base  in  any 
given  case  must  be  determined  fh)m  a  consideration 
of  the  force  of  the  wind,  tlie  diameter  and  height  of 
the  stack,  and  the  conditions  under  which  the  stack 
is  to  be  built,  (c)  An  ordinary  adjustable  focus 
camera  of  any  size  can  be  used  for  making  photo- 
graphs of  drawings.  However,  if  the  size  is  reduced 
very  greatly,  the  scale  of  the  photograph  may  be  so 
small  that  it  will  not  be  satisfactory.  The  drawing 
should  be  held  fiat,  in  a  vertical  position,  in  a  good 
light,  and  the  camera  placed  at  such  a  distance 
fh>m  it  that  when  the  proper  focus  is  obtained  the 
image  will  be  in  the  desired  position  on  the  plate. 
The  exposure,  development,  and  printing  are  all  car- 
ried out  in  the  same  manner  as  for  ordinary  photo- 
graphic work,  (d)  "The  Strength  of  Materials,"  by 
Mansfield  Merriman,  price  Sl.OO,  is  a  uaeAil  book  for 
beginners  that  have  a  limited  knowledge  of  mathe- 
matics. A  more  advanced  work  is  "  A  Textbook  on 
Mechanics  of  Materials,"  by  the  same  author;  price 
94.00.  Some  knowledge  of  higher  mathematics, 
including  the  calculus,  is  required  to  understand  all 
parte  of  this  book.  Either  of  these  books  may  be 
obtained  Arom  The  Technical  Supply  Co.,  Scranton, 
Pa.  («)  "Metal  Plate  Work,"  by  C.  T.  Millis,  price 
S8.50;  and  "  Boilermaking  for  Boilermakers,"  by 
W.  H.  Ford,  price  S1.00,  may  be  obtained  ftom  The 
Technical  Supply  Co. ,  Scranton,  Pa.  ( / )  This  devel- 
opment is  accomplished  by  triangulatlon;  a  satis- 
factory description  of  this  process  is  impossible  in 
the  limited  space  afforded  by  these  columns. 


(271)  I  have  a  fan  motor  for  110  volta;  the  arma- 
ture has  16  slots,  each  slot  containing  126  conductors, 
No.  80  B.  &  S.  The  field  colls  each  contain  900 
turns  No.  28  B.  <b  S.  (a)  What  size  of  wire  and  how 
many  turns  should  be  used  on  the  field  and  armature 
to  adapt  the  motor  to  a  6-volt  battery  current? 
(6)  How  many  cells  will  it  take  to  run  this  motor 
If  each  cell  contains  6  carbon  and  5  zinc  plates 
8"  X  4"  X  A" immersed  Z^"  in  the  Uquid?  (e)  How 
shall  I  make  the  bichromate-of-potash   solution? 

(d)  I  wish  to  use  a  wooden  trough  for  making  up 
the  cells;  how  can  I  make  the  insulation  paint  or 
compound  for  same?  (e)  Where  can  I  get  a  sample 
copy  of  each  of  the  following  papers:  "American 
Chemical  Journal."  "Chemical  News,"  "American 
Chemist,"  "Journal  of  the  American  Chemical 
Society  "  ?  J.  L.,  Dayton,  Ohio. 

Aire.— (a)  Use  8  conductors  of  No.  18  B.  &  S.  per 
slot  on  the  armature,  and  about  50  turns  No.  16  B.  A  B. 
on  each  field,  (b)  You  would  likely  need  at  least  12 
cells  in  order  to  run  the  motor  for  any  length  of 
time.  These  would  be  connected  up  three  in  series, 
and  the  four  groups  thus  formed  connected  in 
parallel,  (e)  Dissolve  8  parte  of  potassium  bichro- 
mate in  18  parte  of  water  to  which  4  parte  of 
sulphuric  add  has  been  previously  added;  all  parte 
by  weight.  The  sulphuric  add  should  be  poured 
slowly  into  the  water  when  mixing.  Do  not,  on  any 
account,  poor  the  water  into  the  add.  (d)  We 
would  not  advise  you  to  attempt  making  an  insula- 
ting paint;  it  will  be  cheaper  and  more  satisfactory 
to  buy  it.  Lead  the  Join  to  well  and  apply  three  or 
four  good  coato  of  P.  &  B.  paint.  This  paint  can  be 
obtained  from  almost  any  electrical  supply  house. 

(e)  From  the  publishers,  whose  addresses  follow: 
"American  Chemical  Journal,"  Baltimore,  Md.; 
"Journal  of  the  American  Chemical  Sodety,"  44 
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Fint  Ave.,  New  York  City;  "  Chemloal  Newt,"  Lon- 
don, Eng.  We  do  not  know  where  the  "American 
Chemist"  U  publlahed. 

••• 

(272)  Please  lllostrate  a  graphical  method  of  find- 
ing the  correct  end  ylew  of  an  obUqaely  Inclined 
timber;  for  example,  an  8"  X  8''  hip  rafter,  Inter- 
cepted bT  a  vertical  plane  coinciding  with  one  edge 
of  the  ridge  board.         Alpha,  St.  Angnstlne,  Fla. 

Amb.— For  convenience  of  lllastration,  the  angle 
shown  In  the  plan  of  the  accompanying  sketch  is 
one  of  45°,  and  that  assumed  for  the  elevation  Is  80°. 
This  problem  Is  most  easily  worked  ont  by  first 
fixing  in  the  dllDarent  views  the  position  of  any  one 
of  the  four  edges  of  the  timber.  Let  A  B  represent 
the  vertical  plane,  and  q  6  of  the  plan  and  a'  V  of  the 
elevation,  one  edge  of  the  timber,  each  drawn  at  its 
proper  angle  with  the  vertical  plane.  The  width  of 
the  timber  may  be  laid  off  on  the  plan  at  ax,  and 
since  it  is  known  that  ax  Is  horiiontal,  the  point  x' 
may  be  represented  In  the  elevation  In  the  manner 
shown.  In  order  that  the  thickness  of  the  timber 
may  be  represented,  the  side  view  shown  at  (b)  may 
be  drawn;  In  this  view,  the  distance  af'&lB  trans- 
ferred In  the  dividers  from  the  elevation,  where  It  is 
represented  as  a'o.  The  thickness  of  the  timber 
may  now  be  laid  off  as  mn,  and  parallels  to  the  edge 


ab  drawn  through  x,  n,  and  a/  In  the  several  views. 
Make  a'  &  of  the  elevation  equal  to  a"c  of  the  side 
view,  and  fix  the  point  xf'  as  shown.  The  remaining 
edges  of  the  timber  may  now  be  represented  In  the 
elevation.  From  their  intersections  with  the  plane 
A  B  projectors  are  described  fh>m  the  point  o  as  a 
center;  these  projectors  are  continued  parallel  to 
A  B,  and  intersected  at  (a)  by  projectors  drawn  fh>m 
the  plan.  The  desired  full  view  of  the  Intercepted 
surface  of  the  timber  is  then  outlined,  as  shown 
at  (a). 

»  » 
(273)  (a)  Please  give  me  the  fo^ulas  for  calcu- 
lating the  strength  and  efilclenoy'of  the  following 
riveted  Joints:  ( 1)  Butt  Joints  with  single-  and  double- 
welt  plates;  (2)  single-welt  Joints,  both  single-  and 
double-riveted;  (3)  double-welt  joints,  with  double, 
triple,  and  quadruple  rows  of  rivets.   (6)  What  is  the 


allowable  tensile  strengj^  of  copper  used  In  loco- 
motive fireboxes?  (e)  what  Is  the  thickness  and 
strength  of  brass  tubes  used  for  flues  ?  (d)  If  the  for- 
mulas dlffor  fh>m  those  used  for  steel,  kindly  state 
them,  (e)  Please  explain  the  methods  used  in  rivets 
Ing  copper  plates,  and  the  methods  of  determining 
sise  and  pitch  of  rivets.  M.  8.  T.,  lima,  Ohio. 

Ans.— (a)  It  is  impossible  to  give  simple  formnlas 
for  all  of  these  cases,  and  a  discussion  of  the  subject 
that  would  be  of  any  value  to  you  would  require 
more  space  than  can  be  given  it  in  these  columns. 
Considerable  Information  on  the  subject  can  be 
obtained  fix>m  **  Elements  of  Machine  Design,*'  by 
W.  C.  Unwln,  which  may  be  obtained  fh>m  The 
Technical  Supply  Co.,  Scranton,  Pa.,  price  18.00. 
Most  books  on  steam  boilers  also  contain  some 
information  on  the  subject  of  riveted  Joints,  (b,  e,  ct,  e) 
The  copper  used  for  fireboxes  is  generally  required 
to  have  a  tensile  strength  of  not  less  than  14  tons 
(81,860  lb.)  per  sq.  in.,  an  elongation  of  45)(  in  8  in., 
and  a  contraction  of  area  of  50  to  eOfk.  The  oopptf- 
used  for  the  screw  stays  must  show  about  the  same 
strength  and  an  elongation  and  contraction  of  area 
of  55  to  eojt.  Both  the  plates  and  rods  must  undergo 
cold-bending  tests.  Iron  rivets  are  used  in  drilled 
holes.  The  other  items  asked  for  depend  on  pressure 
and  thickness  of  plates.  For  an  engine  carrying 
175  lb.  boiler  pressure,  the  following  dimensions 
would  be  about  right  for  the  thickness  of  firebox 
sheets:  Tube-sheet,  { in.  where  tubes  are,  and  |  in. 
below  (opposite  throat  sheets):  crown  sheets  and 
side  sheets,  |  In.;  back  sheet,  ^  in.  (some  designers 
Ignore  the  greater  wear  and  attack  of  fiames  on 
certain  of  the  sheets,  and  would  make  crown,  back, 
and  side  sheets  all-in.);  I"  iron  rivets,  2|"  pitch. 
Use  1"  stays;  12  threads,  pitched  4''  centers;  If'  O.  D. 
brass  tubes;  No.  11 B.  W.  G.  at  firebox  end,  tapering 
to  No.  18  at  flront  end. 


(274)  Will  you  kindly  recommend  a  good  book  on 
telephotograimic  lenses?  M.  H.,  (Chicago,  IlL 

Ans.—"  Modem  Lenses  in  Photo  Miniature,"  No.  1; 
price  25  cents.  "  Photographic  Optics,"  by  R.  8.  Cole; 
price  f2.50.  "Telephotography,"  by  Thomas  Dally- 
meyer;  price  94.00.  These  books  can  be  ordered 
through  The  Technical  Supply  Co.,  Scranton,  Pa. 


(275)  How  can  I  solder  aluminum? 

Q.  A.  R..  Brooklyn,  N.Y. 
Aire.— There  have  been  a  number  of  dlflRsrent  solders 
brought  out  for  aluminum  that  are  claimed  to  be 
snocessftil.  One  of  these  is  given  in  Scixncb  ajtd 
INDUVTBT,  November.  1899,  Answers  to  Inquiries,  No. 
294,  but  we  cannot  vouch  for  its  efficacy. 

»  * 

(276)  Please  tell  me  how  I  can  solder  a  piece  of 
brass  to  a  piece  of  aluminum. 

L.  J.  £.,  Chicago,  ni. 
Ans.— See  answer  to  No.  275  in  this  Issue. 


(277)  (a)  Please  give  me  some  of  the  principal 
dimensions  of  a  two-cycle  gasoline  motor,  to  run  a 
boat  carrying  5  or  6  people  at  a  speed  of  4  or  5  miles 
an  hour.  (6)  Is  it  pracacal  to  admit  the  gas  at  the 
bottom  of  the  stroxei,  by  uncovering  the  ports  by 
the  piston,  and  so  nave  a  practically  valveless 
motor?  (c)  In  a  motor  of  this  sise,  would  a  water- 
jacket  around  the  cylinder  be  a  necessity?  (d)  How, 
and  In  what  proportion,  Is  the  gas  mixed  with  the 
air?  (e)  How  can  I  index  and  preserve  scraps  that 
cannot  be  pasted  In  a  scrapbook  on  account  of 
desiring  to  read  both  sides? 

E.  R.  R.,  Manchester,  N.  H. 

Amb.— (a)  The  sise  of  a  motor  required  will  depend 
considerably  on  the  construction  of  the  boat.  A 
motor  rated  at  1  horsepower  would  probably  be 
sufficiently  large.     Such  a  motor  would  have  a 
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eylinder  aboat  8  in.  in  diameter  with  a  itroke  of  8 
in.,  the  number  of  rerolationi  beiof  abont  400  per 
minute,  (b)  The  method  of  admitting  gaa  to  the 
cylinder  through  ports  unoovered  by  the  piston  is 
described  in  the  *'Home  Study  Magazine,"  of  Feb- 
ruary, 1886.  Yon  will  also  iind  information  regard- 
ing this  type  of  motor  in  nearly  any  textbook  on  the 
gas  and  gasoline  engine.  One  of  the  latest  books  of 
this  kind,  that  gives  inf6rmation  regarding  small 
motors  of  the  type  about  which  you  inquire,  is  the 
"Oas  Snglne  Handbook,"  by  E.  W.  Roberts;  price 
$L0O.  This  book  may  be  obtained  from  The  Tech- 
nical Supply  Go.,  Scranton,  Pa.  (e)  If  the  motor  can 
be  set  so  that  a  strong  current  of  air  can  be  made 
to  act  on  the  cylinder,  the  cylinder  may  be  cooled 
by  means  of  ribs  cast  on  it  without  the  necessity  of 
using  a  water-Jacket.  A  water-jacket  is,  howcTer, 
to  be  recommended  for  marine  purposes,  since 
water  can  be  so  easily  secured,  and  the  cylinder  is 
cooled  much  more  satisfkctorily  by  water  than  by 
a  current  of  air.  (d)  Various  methods  of  mixing 
the  gas  and  air  are  used.  For  a  description  of  some 
of  these  methods,  we  refer  you  to  the  copy  of  the 
"Home  Study  Magaslne"  mentioned  aboTe,  and 
also  to  the  "Oas  Engine  Handbook."  In  the  April 
number  of  Science  avd  iKDinrRT  you  will  find  a 
brief  description  of  a  small  gas  engine,  draw- 
ings for  which  may  be  obtained  from  Mr.  O.  H. 
Johnston,  Sparrows  Point,  Md.  (e)  Several  methods 
are  described  in  the  article  on  **  Sorapbooks  "  in  the 
November,  1899,  issue. 

•♦» 

(278)  (a)  How  can  I  arrange  a  single  telephone 
line,  running  across  a  drawbridge,  so  that  the  line 
will  automatically  open  and  close  when  the  draw  is 
opened  and  closed f  I  do  not  want  to  go  to  the 
expense  of  putting  down  a  cable,  {h)  Kindly  men- 
tion several  good  telephone  magazines. 

A.  H.  S.,  Amherst.  N.  S.,  Can. 
Ana.— (a)  It  could  be  arranged  as  shown  in  the 
accompanying  figure,  in  which  e  and  d  are  cross- 
arms  or  wood  sup- 
ports to  which  the 
springs  e  and/,  made 
of  stliF  spring  brass 
several  inches  wide, 
are  £utened--spring 
e  to  d,  and  spring  / 
to  e.     The  piece  c 
would  be  stationary, 
and  d  fastened   to 
the  drawbridge  in 
such  a  position  that  e  would  press  firmly  against/. 
If  the  sheet  spring  brass  is  not  stiff  enough,  it 
could  be  reenforoed  by  spiral  springs  n,  n,  etc.   The 
General  Electric  Ck>.  make  a  drawbridge  frog  for 
this  very  purpose  for  trolley  lines.    Although  it  is 
heavier  than  neceoary  for  a  telephone  line,  still 
it  could  be  used,    (b)  The  only  distinctively  tele- 
phone paper  we  know  of  is  the  "  Telephone  Maga- 
slne," Chicago,  ni. 

*  » 

(279)  Please  answer  the  following  questions :  (a) 
In  a  water-tube  boiler,  what  shoula  be  the  ratio  of 
the  sectional  area  of  the  tubes  to  their  length?  (b) 
What  should  be  the  depth  and  the  area  of  the  surface 
of  the  water  in  the  separating  chamber  or  drum  con- 
nected to  the  tubes,  per  square  foot  of  water  heating 
surface,  to  insure  that  the  steam  will  leave  the  water 
quietly  ?  (e)  Is  it  good  practice  to  leave  water  stand- 
mg  in  a  boiler  when  it  is  used  occasionally,  say  one 
day  in  each  week,  there  being  no  danger  of  freeiing 
and  the  water  being  practically  pure? 

N.  M.  B.,  Norwich,  Conn. 
Alls.— (a)  There  is  no  definite  ratio;  it  depends 
entirely  on  the  design  of  the  boiler,  (b)  TtUs  depends 
very  largely  on  the  design;  an  examination  of  vari- 
ous designs  will  show  a  great  difference  in  the  ratios 


used.  Much  depends  on  the  position  In  which  the 
tubes  are  connected  to  the  separating  chamber.  In 
a  boiler  of  the  Babcock  &  Wilcox  type  the  connec- 
tion is  made  at  one  end  of  a  long  narrow  drum,  and 
but  a  small  part  of  the  surface  of  the  water  is  really 
effective  as  a  separating  surface.  In  a  boiler  of  the 
Cahall  type  the  connections  of  the  tubes  are  evenly 
distributed  over  the  under  side  of  the  drum,  and  the 
whole  area  is  thus  made  of  nearly  the  same  efficiency. 

»     ♦ 

(280)    (a)  What  is  the  solution  of  the  fonnula 


-i(-.-"'> 


where  i^  —  strength  of  current  after  the  lapse  of 
a  short  time  t,  say  8  seconds;  E  —  electromotive 
force,  say  10  volts;  B  »  resistance  of  whole  circuit, 
say  1  ohm;  L  «  coefficient  of  self-induction,  say  8.5 
henrys;  and  e  =  number  2.7183  (base  of  the  Naperlan 
system  of  logarithms)?   Also  solve 

R 


Ltof  a 
ilts? 
r.  B.,  { 
eabo' 


(b)  How  is  the  coefficient  of  self-induction  found 
in  continuous-current  circuits? 

J.  B.,  Central  Falls,  R.  I. 
Anb.— (a)  Substituting  the  above  values,  we  have 

1       \ 


^^^  (2.7183«« 


2.718S«« 
=  log  1-2.285  log  2.7183 
=         0  -  2.286  X  .«« 
=         0  -  .9923  =  r.6077. 
=  .1018,  and  <<  =  10(1 


Hence,  ^^.nss^**)  =  •^°^®'  *°^  <.  =  10(1  -  .1018) 
=  8.962  amperes.    Substituting  in  the  second  expres- 

1  X  2.7183'*^'^ 
sion,  we   have  o^qqjis^"!-    ^^^^  ***•  previous 

example, log 2.7188>.<»  =>  .9928, and 2.7183*«»  »  9.825; 

then    we  have  |^  =  1.113,  nearly,    (b)  If  the 

current  is  continuous,  there  is  no  self-induced 
B.  M.  F.  set  up  in  the  circuit,  because  there  is  no 
change  in  the  magnetic  field.  The  easiest  way  to 
measure  the  self-induction  of  a  circuit  is  to  take 
readings  of  the  current  and  E.  M.  F.  supplied  to 
it  from  an  alternator.  Then,  if  12  =  resistance,  L 
=  coefficient  of  self-induction,^  »  E.M.F.,e  «  cur- 
rent, and  /  =  frequency  (cycles per  second),  we  will 
have 

^  E 

V:^T'(~2ir7Z)«* 

fix>m  which  L  may  be  obtained.  The  coefficient  of 
self-induction  does  not  depend  on  the  character 
of  the  current,  but  the  induced  E.  M.  F.  does;  1.  e., 
the  coefficient  of  self-induction  of  a  given  coil  is  a 
certain  amount,  depending  on  the  shape  of  the  coil, 
number  of  turns,  etc.,  but  the  induced  E.  M.  F. 
depends  on  the  frequency  and  amount  of  current, 
as  well  as  on  the  coefficient  of  self-induction. 


(281)  I  wish  to  build  a  special  high-pressure  boiler 
with  tight  Jointa  for  launch  purposes.  I  would  like 
to  braze  as  well  as  rivet  the  Joints,  also  braze  the 
tubes  to  the  heads.  Would  the  brass  or  snelter  be 
electropositive  to  the  steel,  and  would  the  same 
cause  corrosion  ?  L.  O.  W.,  Tarrytown,  N.  Y. 

AiYS.— There  would  likely  be  electroljrtlc  corrosion 
under  the  above  circumstances.  You  should  not 
braze  the  boiler  anyway.  There  should  be  no 
difficulty  in  ssaklng  the  boiler  tight  by  calking  the 
Joints  and  expanding  the  tubes  in  the  heads. 
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(282)  (a)  Please  recommend  a  good  book  on  inor- 
ganic chemistry— one  tbat  covers  a  great  deal  of 
ground  and  can  be  understood  by  one  that  wishes  to 
learn  something  of  the  subject,  (b)  Name  a  good 
book  on  batteries— both  primary  and  secondary. 

H.  N.,  Brooklyn,  N.  Y. 

Ams.— (a)  Ira  Remsen's  "Inorganic  Chemistry," 
advanced  course.  American  Science  Series,  price 
12.80.  (b)  We  are  not  acquainted  with  any  good 
book  that  takes  up  both  primary  and  secondary  bat- 
teries in  detail,  but  you  will  find  that  the  two  follow- 
ing books  cover  the  ground:  "  Primary  Batteries,*'  by 
Carhart,  price  fl.50;  "The  Storage  Battery,"  by 
Treadwell,  price  $1.75.  Any  of  the  above  books 
may  be  obtained  tram  The  Technical  Supply  Co., 
Scranton,  Pa. 

* 


regulating,  (b)  Give  name  and  price  of  a  book  that 
covers  the  above  completely,  and  the  names  and 
prices  of  books  that  fhUy  describe  the  several  auto- 
mobiles. H.  M.  H.,  Keller,  W.  Va. 

Ans.— (a)  It  would  take  much  more  space  than  we 
can  allow  to  go  into  a  detailed  description  of  the 
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wiring  of  an  automobile.  You  have  given  no 
Infbrmatlon  whatever  as  to  the  type  of  motor  you 
intend  using,  or  whether  you  intend  using  a  single 
motor  or  two  motors.  The  accompanying  diagram 
shows  a  developed  controller  that  gives  three  for- 
ward speeds  and  two  reverse  speeds.  We  have 
shown  it  for  a  single  motor  with  two  field  colls, 
which  are  connected  in  parallel  for  the  high-speed 
combination.  The  20  cells  are  placed  in  two  groups 
of  10  each.  On  the  first  notch  these  two  groups  are 
In  parallel,  and  the  fields  of  the  motor  are  in  series. 
On  the  second  notch  the  two  groups  are  in  series  and 
the  motor  the  same  as  before.  On  the  third  notch, 
the  fields  are  in  multiple.  The  two  reverse  notches 
are  the  same  as  the  first  two  forward  notches,  except 
that  the  armature  terminals  are  reversed,  (b)  Auto- 
mobiles have  not  been  in  use  long  enough  to  bring 
out  much  literature  on  the  subject,  outside  of  cur- 
rent periodicals,  such  as  "  The  Electrical  World  and 


Engines,"  or  "The  Horseless  Age."  You  mi^ht 
obtain  considerable  information  by  consulting  fllea 
of  these  papers.  A  book  that  may  contain  the  infor- 
mation you  need  has  just  been  published.  It  is 
entitled  "The  Electric  Automobile,"  by  C.  £.  Woods; 
price  Sl.25. 

«•• 

(284)  (a)  Kindly  give  me  the  following  acootint 
in  its  proper  posong:  We  work  for  Mr.  D  to  the 
amount  of  18.65;  we  receive  fix>m  Mr  D  merchandise 
to  the  amount  of  S8.65.  Now,  at  the  end  of  the 
month,  we  pay  our  difference,  and  thus  Aix  have 
been  setting  it  down  as  receiving  18.65  cash  for  work, 
and  charging  the  whole  98.65.  This  does  not  seem 
correct  to  me,  although  it  shows  the  whole  trans- 
action in  the  cash  account,  (b)  Explain  how  black 
oxide  of  copper  is  made. 

W.  T.  T.,  Oklahoma  City,  OkU. 
Ans.— (a)  Your  account  with  Mr.  D  should  be  as 
follows: 

April  4 

Mr.  D,  Dr. 

To  Work 8.65 

10 

Mr.  D.  Cr. 

ByMdse. 8.65 

May  1 

Mr.  D.  Dr. 

ToCashtoBal 5.00 

This  shows  each  transaction  dearly,  and  leaves 
Mr.  D's  account  balanced,  (b)  Black  oxide  of  cop- 
per (cupric  oxide  OuO)  is  prepared  by  acting  on 
metallic  copper  with  nitric  add  to  convert  it  into 
cupric  nitrate,  and  heating  this  to  dull  redness 
in  a  rough  veasd  made  of  sheet  copper,  when  it 
leaves  the  black  oxide,  as  is  seen  fh)m  the  follow- 
ing equation:    Cu(NOth  =  2iV0i  +  0  +  CuO. 

«  « 

(285)  What  is  the  composition  of  Roman  gold  T 

H.  H.  L.,  Lowdl,  Mass. 
Ans.-"  Roman  gold  "  is  the  term  applied  by  Jewd- 
ers  to  ordinary  polish  gold  that  has  been  dipped  In 
add  and  turned  green.  An  improvement  in  the 
process  has  recently  been  made  by  which  electridty 
Is  substituted  for  the  add. 

«•• 

(286)  What  kind  of  oil  can  you  recommend  to 
keep  tools  fix>m  rusting?  E.  S.,  Bgan.  111. 

Ans.— The  beet  oil  that  we  know  of  for  this  pur- 
pose, and  which  has  been  used  by  the  writer  with 
excellent  success  for  a  number  of  years.  Is  that 
known  as  "  Three  in  One  "  oil.  It  can  be  bought  at 
nearly  every  bicycle  store. 

»*» 

(287)  (a)  1  have  a  single  dry  battery  that  is  too 
powerful  for  a  miniature  dectrlc  lamp,  but,  by  pat- 
ting a  coil  of  German  sUver  wire  in  the  dreult  as 
reslstanoe,  I  get  the  proper  current  to  operate  the 
light  without  burning  it  out  Under  these  conditions, 
is  the  battery  working  as  hard  or  diminishing  in 
strength  as  rapidly  as  when  it  has  no  resistance  in 
thecu-cult?  (b)  Is  there  any  single  dry  battery  made 
that  will  hold  Us  strength  longer  than  from  5  to  10 
hours  when  supplying  current?  I  mean  one,  of 
course,  that  will  be  small  and  compact,  and  that 
would  be  used  to  light  a  1  c.  p.  lamp,  (e)  Whv  is  it 
that  battery  lamps  are  made  for  different  voltages 
and  currents?  (a)  Will  a  1  c.  p.  battery  lamp  made 
for  2  volts  operate  as  long  as  one  made  for  4  or  5 
volts?  (0)  Is  there  not  some  form  of  battery  that  I 
can  make  cheaply  that  will  run  a  1, 2.  or  S  c.  p.  lamp 
without  bdng  exhausted  quickly,  and  without  hav- 
ing to  remove  the  sines  when  not  In  use,  as  in  a 
bichromate  cell?  (/)  Where  can  I  get  the  oom- 
pressed-add  tablets  Tor  the  Edison  battery? 

J.  H.  O.,  St.  Louis,  Mo. 
Ans.— (a)  The  battery  is  not  working  as  hard  when 
the  resistance  is  In  circuit,  because  when  the  resist- 
ance is  inserted,  the  current  is  cut  down.  The  out- 
put of  the  battery  is  not,  however,  used  eoonomically 
under  these  conditions,  because  part  of  It  is  wasted 
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in  the  rtslsUnoe.  It  woald  be  better  to  uie  a  lamp 
of  tlie  lame  Toltage  as  the  battery,  and  then  all  the 
eB«87  woold  be  utilised  in  the  lamp.  (6)  A  small 
dry  battery  cannot  be  expected  to  hold  its  strength 
under  a  oontinuons  discharge  for  any  great  length 
of  time.  If  yon  wish  a  small  battery  for  this  kind  of 
work,  we  woold  advise  you  to  ose  some  form  of  porta- 
ble storai^  battery.  (6)  Lamps  are  made  for  different 
▼oltages  In  order  to  adapt  them  for  use  on  dilTerent 
kinds  of  cironlts.  Just  in  the  same  w«y  that  ordinary 
incandescent  lamps  are  made  for  a  nomber  of  dif- 
ferent Toltages.  By  haying  lamps  made  for  different 
Toltages.  you  can  select  one  suited  to  the  battery 
yon  wish  to  use  it  with,  and  thus  avoid  the  use  of 
resistance,  (d)  The  length  of  time  that  a  lamp  will 
lasEt  depends  very  largely  on  the  voltage  with  which 
it  is  sopplied.  If  the  voltage  is  allowed  to  run  above 
the  proper  amount,  the  lamp  will  not  last  long. 
With  a  2-volt  lamp,  a  slight  increase  in  voltage 
woold  probably  do  more  harm  than  with  a  5-volt 
lamp,  but  as  far  as  the  construction  of  the  lamps 
themselYes  is  concerned,  the  2-volt  lamp  would  have 
the  shorter  and  more  substantial  filament,  {e)  We 
think  you  would  find  a  small  storage  battery  the 
most  satisfactory  for  this  work.  The  article  entitled 
"How  to  Make  a  Storage  Battery,"  in  this  issue, 
gives  instructions  for  making  a  storage  battery. 
(/)  We  do  not  know  where  these  tablets  can  be 
obtained  unless  ttom  The  Edison  Manulkcturlng  Co., 
UO  East  23d  Street.  New  York  City. 


(288)  The  Baldwin  Locomotive  Works  have  recently 
installed  in  its  shop  a  crane  that  has  a  span  of  168  ft. 
It  wUl  lift  a  196,000-lb.  locomoUve  40  ft.  in  the  air. 
carry  it  386  ft.  and  set  it  down  again  in  8  minutes  and 
86  seconds,  (a)  What  horsepower  is  required  to  do 
this  work,  and  how  is  it  calculated?  (b)  Does  it 
reqaire  as  much  power  to  lower  the  weight  40  ft.  as 
it  does  to  raise  it  through  the  same  distance? 

R.  N.  V.  B..  ayde.  N.  Y. 

Akb.— (a)  Cranes  of  the  kind  you  mention  are  gen- 
erally provided  with  a  number  of  sets  of  electric 
motors,  each  of  which  does  a  definite  part  of  the 
work.  One  set  raises  the  load,  another  moves  the 
trolleys  on  the  bridge,  and  a  third  moves  the  bridge 
along  its  track.  The  specifications  for  such  a  crane 
demand  that  the  motors  shall  have  sufficient  power 
to  do  their  work  at  a  certain  speed.  It  sometimes 
occurs  that  all  three  sets  of  motors  are  in  operation 
at  once— one  set  is  lifting  the  weight,  while  another 
is  driving  the  trolleys  along  the  bridge,  and  the 
third  is  moving  the  bridge  along  its  track.  In  a  case 
of  this  kind,  if  all  the  motors  are  working  up  to  their 
Ihll  capad^,  the  power  required  to  drive  the  crane 
is  the  sum  of  the  powers  required  to  drive  each  of  the 
three  sets  of  motors  at  their  maximum  rate.  Your 
very  brief  statement  of  the  conditions  is  insufficient 
for  an  estimate  of  the  power  required  to  do  the  work. 
For  soch  an  estimate  it  would  be  necessary  to  know 
the  weight  of  the  crane,  the  distribution  of  the  time 
between  the  different  operations  of  raising  and  low- 
ering the  load  and  of  moving  it  horisontally,  and  the 
general  design  of  the  crane.  The  general  method 
used  in  estimating  the  power  of  the  motors  is  to 
begin  with  the  net  quantity  of  work  each  must  per- 
fivm  when  operating  at  its  maximum  specified  rate. 
To  this  most  be  added  such  values  for  fHctional  and 
other  losses  as  experience  shows  will  be  required. 
The  estimate  for  the  power  required  of  the  lifting 
motors  would,  for  example,  be  made  about  as  fol- 
lows: The  weight  in  pounds  to  be  lifted  and  the  rate 
in  feet  per  minute  are  given  by  the<  spedflcatlons; 
their  product  divided  by  88.000  is  the  net  horsepower 
that  must  be  fhmished.  If  it  is  specified  that  the 
crane  most  start  a  load  fh>m  rest  and  lift  it  to  a  given 
height  in  a  certain  time,  the  force  required  to  accel- 


erate the  weight  must  also  be  taken  into  account. 
Having  the  net  power  and  the  details  of  the  lifting 
machinery,  allowances  can  be  made  that  will  cover 
the  probable  power  required  to  overcome  fHctional 
resistances.  For  moving  the  trolleys  and  bridge,  the 
chief  ilMtors  to  be  taken  into  account  are  fHctional 
resistances  and  the  force  required  to  start  the  loads 
—including  the  weights  of  trolleys  or  bridges— firom 
rest  and  give  them  their  maximum  speed,  (b)  In 
most  cranes  of  this  kind,  the  lowering  of  the  weight 
is  controlled  by  means  of  fHctfon  brakes,  and  the 
only  power  required  is  that  for  operating  the  brakes. 


(289)  We  have  a  10-ton  refirigerating  machine, 
working  on  the  ammonia  system.  The  condenser 
capacity  is  2  tons.  The  coils  go  through  a  brine 
tank  in  which  are  6  cylinders  of  a  capacity  of  60  gal. 
each.  A  certain  liquid  passes  through  tnese  cylin- 
ders at  a  rate  of  about  100  gal.  per  hour,  passing  nom 
a  filter  through  the  cylinders  oy  gravity.  It  enters 
the  first  cylinder  at  a  temperature  of  about  eKP,  and 
passes  out  at  the  last  one  at  about  80°.  On  some 
warm  days  we  are  compelled  to  shut  off  the  liquid 
for  2  or  8  hours  at  a  time,  because  we  cannot  cool 
it  down  to  the  required  temperature.  Is  there  a 
method  of  calculation  by  means  of  which  the  setting 
of  the  expansion  valve  to  overcome  the  difficulty 
without  increasing  the  condenser  capacity  can  be 
determined?  C.  J.  P..  Brooklyn,  N.  Y. 

Amb.— There  is  no  rule  that  we  know  offer  setting ' 
the  expansion  valve  so  as  to  get  the  required  results; 
the  required  opening  of  the  valve  can  be  determined 
only  by  trial.  Your  description  of  the  conditions 
is  not  complete  enough  to  enable  us  to  make  any 
definite  recommendation  regarding  the  beet  method 
of  overcoming  the  difficulty.  It  seems  i»obable  that 
your  condenser  is  too  small;  it  is,  however,  possible 
that  by  paying  careftil  attention  to  all  parts  of  the 
apparatus,  and  keeping  it  in  the  be«t  possible  working 
condition,  It  can  be  made  to  work  satisfactorily.  Be 
sure  that  the  condenser  is  provided  with  a  liberal 
supply  of  water,  at  as  low  a  temperature  as  can  be 
obtained;  keep  the  condenser  coils  clean;  and  keep 
the  system  f^ee  fh>m  air.  If  all  these  details  are 
properly  attended  to,  and  the  expansion  valve  is 
properly  sdjnsted,  you  will  secure  the  best  results 
possible  with  your  outfit. 
« 
»  « 

(290)  Why  is  it  that  steam  ttom  a  locomotive  or 
stationary  engine  will  travel  a  long  distance  in  the 
air  in  the  winter  time  before  condensing,  while  in 
the  summer  it  is  visible  only  a  short  distance  ttom 
the  engine?  A.  H.  M.,  Chesaning,  Mich. 

Anb.— The  white  cloud  that  is  seen  issuing  ttom  the 
exhaust  pipe  of  a  steam  engine  is  not  properly  steam, 
but  minute  drops  of  water  formed  by  the  condensa- 
tion of  the  steam  when  cooled  by  coming  in  contact 
with  the  air.  On  a  warm,  dry  day  these  particles  of 
water  are  quickly  evaporated  into  an  invisible  vapor; 
on  a  damp  or  cold  day,  however,  they  fioat  long  dis- 
tances in  the  air  before  disappearing. 


(291)  (a)  In  an  article  published  some  time  ago 
vou  explained  the  method  of  making  a  blueprint 
m>m  a  blueprint.    Is  there  any  method  of  treatuig  a 


Sollo  print  so  that  a  blueprint  could  be  made  from 
it  ?  If  there  is,  would  you  kindly  explain  it?  (b)  Can 
vou  explain  a  simple  process  of  nickelplating  articles 
that  have  become  slightly  rusted  and  need  a  touch  of 
nickel  here  and  there?  (e)  Do  you  know  of  any  book 
from  which  a  good  knowledge  of  architecturikl  ren- 
dering in  pen  and  ink,  and  also  shading  ornamental 
drawing  with  pencil,  could  be  obtained? 

E.  J.  S.,  Brooklyn,  N.  Y. 
Ans.— (a)  A  blueprint  or  any  other  kind  of  a  print 
may  be  reproduced  ttom  a  Sollo  print  by  first  making 
a  negative  print  as  described  in  the  article  you  refer 
to.  If  the  negative  print  is  made  on  blueprint  paper. 
It  must  be  changed  in  tone  as  previously  described, 
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and  tbea  rendered .tnumparent  with  wax  or  oil.  (b) 
We  do  not  know  of  any  prooen  by  which  the  plating 
oonld  be  applied  In  spots  satiafkctorlly.  Aboat  the 
only  way,  so  far  as  we  know,  wonld  be  to  dean  the 
Tessel  thoronghly  and  apply  a  light  coating  of  nickel 
all  over,  (e)  "Archlteetoral  Rendering  In  Pen  and 
Ink,"  by  D.  A.  Gregg,  In  fbnr  parts,  12.00  each  pari. 
This  book  can  be  obtained  from  The  Technical  Sap- 
ply  Co.,  Bcranton,  Pa. 

« 
«  « 

(292)  Please  give  me  your  Idea  as  to  handling  a 
number  of  L.  B.  alternating  arc  lamps  on  116-yolt 
secondary  circuit;  that  is,  some  means  of  niing  a 
small  third  wire  to  handle  an  automatio  switch  at 
each  lamp  so  that  they  may  be  thrown  off  and  on 
without  distarblng  other  lights  on  the  circuit.  These 
lamps  are  for  street  lighting.  What  would  be  a  good 
cut-out  that  could  be  handled  with  a  small  ttilrd 
wire,  thus  doing  away  with  the  necessity  of  lowering 
each  lamp  to  turn  it  off?        D.  B.,  Salt  Lake,  Utah. 

Ans.— We  do  not  know  of  any  automatic  switch 
made  especially  for  this  purpose.  There  is  an  auto- 
matic switch  made  by  the  General  Incandescent  Arc 
Light  Go.,  of  New  York,  that  might  serve  your  pur- 
pose, but  such  a  switch  would  ueceMarily  be  used  in 
the  secondary  circuit  of  the  transformers.  It  is 
worked  by  two  solenoids,  and  would  require  more 
than  one  extra  line  for  its  operation.  If  you  wish  to 
control  the  lamps  in  groups  ftom  the  station  it  seems 
that  the  simplest  way  would  be  to  run  a  third  wire 
back  to  the  station  on  the  primary  side  of  the 


mercial  gasoline  has  a  volume  equal  to  130  ttmes  the 
volume  of  the  liquid  ftom  which  it  is  formed,  the 
pressure  being  ftom  8  to  8  in.  of  water:  under  these 
conditions,  1  lb.  of  gasoline  will  generate  a  little 
more  than  8  cu.  ft  of  vapor.  At  higher  tempera- 
tures the  volume  of  the  vapor  will  be  greater,  (e) 
From  6  to  10  volumes  of  air  are  generally  used  for 
1  volume  of  vapor,  (d)  There  is  no  simple  formula 
for  this  puriKMe.  If  the  composition  of  the  gas  la 
known,  the  theoretical  pressure  can  be  calculated 
by  the  application  of  well-known  physical  and 
chemical  laws,  but  these  laws  cannot  be  reduced  to 
a  simple  formula,  (e)  "Gas,  Gasoline,  and  Oil 
Engines,"  by  G.  D.  Hlscox,  price  13.50.  For  sale  by 
The  Technical  Supply  Co.,  Scranton,  Pa. 
« 
«  « 

(2M)  (a)  I  am  having  trouble  with  my  Alpha 
De  Laval  cream  separator.  It  is  a  No.  1  slxe,  with  40 
disks.  It  trembles,  making  a  rumbling  ncnse,  and 
often  heats  in  the  upper  bearing.  It  does  not  sUm 
dean.  (6)  How  can  I  calculate  the  amount  of 
power  needed  to  run  a  separator?  (e)  How  can  I 
polish  valves  and  other  brass  flttinAs,  and  also  the 
cylinder  head  of  my  en^dne?  (d)  Is  there  a  good 
book  on  cream  separators^ 

L.  L.,  Sundown,  ICinn. 

Ans.— (a)  Some  of  the  causes  that  might  give  the 
Jarring  and  the  heating  of  beazingi  are:  the  sepa^ 
rator  may  not  be  properly  balanced,  or  it  may  not 
be  running  at  the  proper  speed.  The  failure  to  skim 
clean  may  be  due  to  the  speed,  or  to  the  rate  at 


^  Ls^ 


transformer.  We  are  not  quite  dear  as  to 
whether  you  wish  to  control  each  lamp  sepa- 
ratdy  or  by  groups,  but  If  the  latter  is  suffi- 
cient it  seems  as  if  the  arrangement  shown  in 
theilgure  would  answer  the  requirements.  A 
is  the  alternator,  and  S and  Crepresent  two  tampgi 
of  the  regular  feeders  running  out  ftom  the  — -^ 

bos-bars;  T  and  2^  representftranslbrmerB 
'  feeding  the  arc  lights  to  be  controlled.  One 
side  of  the  primaries  is  connected  to  the 
feeder  Botb,  branch  of  it  wherever  the  trans- 
formers happen  to  be  located.  A  third  wire  D  is 
run  back  to  the  station  and  is  connected  through 
a  suitable  switch  S,  capable  of  breaking  the  high- 
tension  current  to  the  other  side  of  the  dynamo. 
An  extra  wire,  such  as  D.  may  be  run  back  for 
each  transformer  it  is  desired  to  control  Independ- 
ently. Since  the  primary  current  would  be  small, 
a  small  wire  would  do  for  2>.  Automatic  switches 
controlled  ftom  the  station  would  require  more  or 
lees  complicated  wiring,  because  with  a  switch  con- 
trolled by  two  solenoids  you  would  probably  need 
three  wires. 

«  » 

(298)  Kindly  answer  the  following  questions: 
(a)  What  is  the  boUlng  point  of  gasoline?  (b)  How 
many  cubic  feet  of  gas  will  a  pound  of  gasoline  gen- 
erate? (e)  In  what  proportions  is  this  gas  mixed 
with  air  for  the  best  results,  when  used  in  a  two- 
oyde  gas  engine?  (d)  Is  there  a  formula  by  which 
the  pressure  developed  by  the  explosion  of  a  mixture 
of  gas  and  air  (in  various  proportions)  can  be  calcu- 
lated? (e)  What  is  the  best  American  book  on  the 
gas  engine?  P.  E.  K.,  New  York,  N.  Y. 

AM8.— <a)  Commercial  gasoline  is*  a  somewhat 
variable  mixture  of  the  more  volatile  petroleum 
products,  the  lightest  of  which  boUs  at  a  tempera- 
ture not  much  above  100°  F.  The  value  generally 
given  for  the  |boiling  point  of  gasoline,  however,  is 
158°  F.  to  176°  F.    (6)  At  60°  F.,  the  vapor  of  com- 


which  the  milk  is  fed  to  the  separator.  We  would 
advise  you  to  consult  the  makers.  The  De  Laval 
Cream  Separator  Co.,  comer  (Tanal  and  West  Ran- 
dolph Sts.,  Chicago,  HI.,  and  get  their  advice  regard- 
ing the  changes  that  should  be  made,  (b)  We  do 
not  know  of  any  method  for  making  such  a  calcula- 
tion, (c)  Brass  fittings  may  be  polished  with  any 
good  metal  polish,  such  as  dectrosilicon,  etc.  The 
cylinder  head  may  be  first  smoothed  with  a  file,  if  it 
is  not  already  smooth,  and  polished  with  fine  emery 
doth,  id)  We  do  not  know  of  any. 
« 
«  « 

(296)  (a)  Can  a  piece  of  machinery  be  moved 
more  easily  on  iron  rollers  having  a  large  diameter 
than  on  rollers  of  smaller  diameter  ?  If  so.  what  rule 
is  applicable,  or  what  mechanical  law  applies  to  the 
case?  (b)  If  we  have  two  iron  bars  made  of  the 
same  material,  each  with  the  same  cross  sectional 
area  but  differing  in  lengths  in  the  ratio  of  2  to  1, 
each  bar  being  supported  at  its  extremity,  what  li 
the  ratio  of  the  weignts  that  will  be  required  to  break 
the  two  bars,  the  weignt  being  applied  in  the  middle? 
D.  Q.  h:,  Niagara  FaUs,  N.  Y. 

Ans.— (a)  In  general,  the  larger  roller  would  enable 
the  piece  of  machinery  to  be  moved  more  easily  than 
the  smaller  one.  The  principal  reason  is  that  the 
larger  roller  would  not  sink  as  deeply  into  the  snr- 
fkce  of  the  machine  that  it  supported,  and  into  the 
surface  on  which  it  rolled,  as  would  the  smaller 
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roller.  The  larger  roller  would  also  pan  OTer  illght 
inequaUtiefl  in  the  two  snrfacei  with  le«  difficulty 
than  the  nnaller  one.  There  is  no  very  simple 
mechanical  law  that  applies  to  this  case.'  The  rela- 
tive  ease  with  which  the  machinery  can  be  rolled 
over  the  large  and  small  rollers  depends  considerably 
on  the  smoothness  and  hardness  of  the  surfaces 
between  which  the  rollers  are  placed,  (b)  Theoret- 
ically, the  shorter  bar  would  require  twice  as  great 
a  load  to  break  it  as  the  longer  one. 
« 
«  « 

(296)  (a)  Qiye  a  diagram  of  connections  in  tele- 
phones used  with  the  common  battery  system,  (b) 
In  a  telephone  exchange  where  the  charge  is  based 
on  the  number  of  connections  per  year,  is  the  account 
of  the  connections  kept  manually  or  automatically? 

£.  H.  L.,  Caracas,  Venesuela. 
Am.— (a)  A  description  of  a  common  battery  tele- 
phone system,  with  diagrams,  is  given  in  an  article 
entitled  '*  Central-Energy  Telephone  System,"  in  the 
April,  1900,  issue  of  SciEMCB  AMD  Industry.  (&)  Auto- 
matio  registers  in  the  few  places  tried  have  not 
proved  very  succeesAil;  the  record  is  made  manually 
on  tickets  by  the  operators.  However,  several  large 
oommon-battery  exchanges  have  very  recently  com- 
menced to  use  automatic  registers,  but  they  have  not 
been  in  use  long  enough  to  say  how  successfhl  they 
are.  In  one  place  where  they  were  extensively 
installed  a  year  or  so  ago  they  had  to  be  all  taken 
out,  remodeled,  and  have  only  recently  been  put 
back  again. 

« 
*  * 

(297)  (a)  Where  can  I  learn  the  eleetrical  busl- 
nessT  (o)  How  long  will  it  take,  and  how  much 
pay  ought  I  to  expect  while  learning  7 

R.  E.  W.,  Pawtucket,  B.  L 
Aifs.— (a)  We  advise  you  to  get  a  position  with  an 
electric-lighting  or  electric-railway  company,  and 
in  the  meantime  take  a  course  of  correspondence 
instruction  in  The  International  Correspondence 
Schools,  (b)  This  would  depend  altogether  on  your 
ability  and  the  work  you  are  capable  of  doing.  It 
would  probably  take  you  four  or  five  years,  and  you 
should  be  able  to  get  S1.00  per  day  to  start  on.  If  you 
had  any  previous  experience  you  might  get  more 
than  this,  but,  as  a  rule,  electric-light  and  power 
companies  will  not  pay  more  to  a  green  hand. 

••• 

(298)  Please  explain  the  development  of  a  branch 
Y,  or  connection  piece,  by  means  of  which  a  blast 


from  two  oval  openings  may  be  united  and  carried 
away  by  a  single  round_pipe,  as  indicated  by  the 
iketch.  F.  w.  K.,  New  London,  Onto. 

Am.— This  development  is  a  somewhat  difficult 
one,  and  is  accomplished  by  the  method  of  triangu- 
lation.  Drawings  and  deseriptive  matter  for  this 
problem  would  require  more  space  than  we  have 


at  OUT  disposal.  A  thorough  knowledge  of  the 
prindples  of  projection  is  indispensable  to  one  that 
would  undertake  the  development  of  such  patterns; 
these  principles  could  be  satisfactorily  explained 
only  in  an  article  of  considerable  length. 

«% 

(299)   Can  you  explain  the  proper  method  to  use 
in  laying  out  a  pattern  for  a  connection  hood  whose 


openings  are  at  an  oblique  angle  to  each  other,  as 

[>wn  by  the  accompanying  sketch? 

J.  H.  B..  Great  FkUls,  Mont. 

Amb.— Such  drawings  as  you  request  would  require 
more  space  than  we  are  at  liberty  to  use  in  these 
columns. 

••« 

(300)  It  is  desired  to  maintain  a  vacuum  of  20  to 
26  In.  in  a  system  of  piping  containing  about  2  or 
3  cu.  ft.  The  leakage  to  be  taken  care  of  is  about 
2  cu.  ft.  per  hour.  There  is  an  available  water  pres- 
sure of  25  or  30  lb.  per  sq.  in.  Is  it  possible  to  arrange 
an  appliance,  similar  to  an  ejector,  that  will  do  this 
work?  A.  J.  F..  Chicago,  111. 

Ams.— We  think  an  exhauster,  working  on  the  prin- 
ciple of  the  ejector  or  the  injector  condenser,  can  be 
sucoessfhlly  used  for  your  purpose.  You  can  get  tall 
information  regarding  the  subject  by  applying  to  the 
makers  of  apparatus  of  this  kind.  One  of  the  follow- 
ing concerns  can  probably  supply  you  with  a  device 
suited  to  your  work:  The  Eynon-Evans  Mfg.  Ck)., 
Philadelphia,  Pa.;  Schutte  &  Co.,  Philadelphia,  Pa. 

*  * 

(801)  I  have  a  copper  boiler  with  iron  front,  the 
water  supply  ooming  flrom  a  copper  tank  lined  with 
tin,  through  brass  and  lead  pipes.  In  two  or  three 
davs  after  the  tank  and  iron  front  have  been  cleaned 
out,  the  water  comes  out  red.  Then,  if  I  disconnect 
the  ftont  and  scrape  it  out  well,  the  hot  water  runs 
clear  for  a  few  days.  What  is  the  cause,  and  is  there 
any  cure  except  getting  a  new  Aront?  Neighboring 
houses  have  the  same  water,  but  it  does  not  show  so 
red.  Is  there  a  dlilbrence  in  the  cast  iron  that  would 
cauae  this  7  W.  A.  H.,  Bomerville,  Mass. 

Amb.— It  is  a  difficult  matter  to  determine  precisely 
the  cause  of  the  rapid  discoloration  of  the  water, 
unless  it  is  that  the  service  pipe  is  made  of  black  iron 
and  is  exceedingly  long.  There  is  not  enough  surface 
exposed  to  the  action  of  the  water  in  a  waterback 
when  in  constant  service  to  cause  a  discoloration  of 
the  water.  We  believe  the  discoloration  Is  due  to  the 
formation  of  rust,  but  precisely  where  the  rust  Is 
formed  we  cannot  say.  Perhaps  your  building  is 
the  only  one  that  is  supplied  fh>m  what  we  may  term 
a  dead  end  of  the  street  main,  and  the  water  may 
carry  a  considerable  amount  of  rust  with  it  as  it  enters 
your  premises.  This  rust  may  settle  In  the  bottom  of 
the  boiler  and  accumulate,  and  then  be  agitated  by 
water  boiling  in  the  boiler.  Possibly  you  will  And 
that  your  service  pipe  is  the  only  one  that  is  taken 
ttom  a  dead  end  of  the  street  main. 
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(802)  Pleaie  explain  the  method  of  calcolatiiig 
the  Hife  working  preanire  in  a  Haselton  "Forca- 
pine  '*  or  a  "  Climax  "  boiler  having  a  shell  with  the 
olmenaionB  shown  in  the  sketch  (Fig.  1).  The  shell 
plate  is  steel,  |  in.  thick,  with  a  tensile  strength  of 
00,000  lb.  per  sq.  in.         J.  H.  L.,  Sionx  City,  Iowa. 

Ana.— The  sketch  does  not  show  the  dlaineter  of 
the  holes  in  the  shell;  we  have  assumed,  however, 
that  4^'  tubes  are  to  be  used,  which  will  give  the 
relative  distances  be- 
tween the  holes  of  two 
adjacent  rows  that  are 
shown  in  Fig.  2.  Con- 
sider, now,  the  ring  of 
the  shell  8|i  in.  wide, 
included  between  any 
two  transverse  rows  of 
holes.  For  each  pound 
per  square  inch  of 
pressure,  any  longitu- 
dinal section  of  this 
ring  will  be  sublected 

toa  stress  of  ?^4^- 


IftieifcfMM  of  Pla*e  | 
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57.66G26  lb.  The  net 
section  of  the  ring  on 
the  axis  a  b  of  a  longitudinal  row  of  holes  is  |  x  (8|| 
—  2)  =  1.15+  sq.  in.  The  unit  str—  on  this  section 
for  a  pressure  of  1  lb.  per  sq.  in.  is,  therefore,  57.666  -»- 
1.15  —  50  lb.  per  sq.  in.,  nearly.  The  section  on  the 
line  a  e  through  two  adjacent  holes  in  a  diagonal  row 
U  subjected  to  the  stress  of  57.6561b.,  which  acts  in  the 
direction  of  the  line  e/,  perpendicular  to  a  5.  This 
stress  may  be  resolved  into  two  components,  one  of 
which,  eg,  acts  perpendicular  to  ae  and  tends  to 
pull  the  plate  apart  through  that  section,  while  the 
other,  eh,  acts  along  the  line  ac  and  tends  to  shear 
the  plate  through  the  same  section.  Of  these  two 
components,  eg  \m  equal  to  the  stress  on  a  longi- 
tudinal section  of 
the  ring  multiplied 
by  the  cosine  of  the 
angle  hac,  and  eh 
is  equal  to  the  stress 
on  the  longitudinal 
section  multiplied 
by  the  sine  of  the 
angle  5ae.  The 
sine  of  bae  is  3.5 
-4-  5.2  =  .678,  and 
the  cosine  Sfl  +  5.2 
=-  .789,  which  cor- 
respond to  an  angle 
of  470  40^,  nearly. 
The  tensUe  stress 
on  the  section  ae 
resulting  ttom  the 
stress  of  57.666  lb. 
acting  perpendicu- 
lar to  the  section 
ah  is,  therefore, 
67.656  X. 739 -42.61 
lb.,  nearly,  and 
the  shearing  stress 
is  57.656  X  .673  = 
88.81b.  Inaddiaoi^ 
to  the  stresses  due 
to  the  force  that 
tends  to  break  the 
ring  through  a  lon- 
gitudinal section,  the  section  on  a  c  is  subjected 
to  a  stress  fix>m  the  action  of  the  force  that  tends  . 
to  rupture  the  shell  along  a  transverse  section. 
For  a  pressure  of  1  lb.  per  sq.  in.,  this  force  is  equal 
to  the  area  of  the  head  multiplied  by  l;  that  is,  to 
30«  X  .78.54  X  1  =  706.86  lb.    The  number  of  sections 
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among  which  this  force  is  divided  is  equal  to  the 
circumference  of  a  80^'  circle  divided  by  8.5;  that  Is,  to 

80  X  8.1g6  _  ^    Theforceoneachsectlon  is,  there- 

0.0 
fore,  706.86  h-  27  =  26.18  lb.  This  force  acU  on  the 
section  a e  in  the  direction  of  the  line  eU  parallel  to 
the  line  a  5.  It  may  be  resolved  into  two  oompo- 
nents,  one,  em,  perpendicular  to  ae,  which  Is  equal 
to  26.18  multiplied  by  the  sine  of  the  angle  b  ac;  the 
other,  en,  in  the  direction  of  a e,  equal  to  26.18  multi- 
plied by  the  cosine  of  5a  c.  Of  these  two  components, 
the  first  acts  in  the  same  direction  as  the  component 
eg\  ito  value,  26.18  X  .(TTS  =  17.62  lb.,  nearly,  is,  there- 
fore, to  be  added  to  the  value  represented  by  eg, 
thus  giving  us  a  total  tensile  stress  in  the  section  ac 
of  42.61  +  17.62  =  60.28  lb.  The  component  e  n,  whose 
value  is  26.18  X  .739  =  19.347  lb.,  acto  in  the  opposite 
direction  to  e  A;  they  therefore  partly  neatrallce  each 
other,  and  the  resulting  shearing  stress,  88.8  —  19JI47 
=  18.458,  is  so  much  less  than  the  tensile  stress  of 
60.28  lb.  that  it  is  evident  the  section  would  Ikll  by 
tension  and  not  by  shear.  The  area  of  the  net  sec- 
tion of  the  plate,  which  resisu  the  tensile  stre«  of 
60.28  lb.,  is  1.2  X  I  =  .75  sq.  in.;  the  unit  stress  in  this 
section  for  a  pressure  of  1  lb.  per  sq.  in.  is,  therefore, 
60.28  +  .75  =  80.8  lb.  per  sq.  in.  Since  the  stress  on 
the  section  ah  was  but  50  lb.  per  sq.  in.,  it  is  evident 
that  the  plate  will  £sil  along  the  section  ae.  If  we 
assume  the  safe  working  stress  of  the  60,000-lb.  steel 
plate  to  be  10,000  lb.  per  sq.  in.,  the  safe  working 
pressure  wUl  be  10,000  -t-  80.3  »  124.5  lb.  per  sq.  in. 


(808)  (a)  Can  a  storage  battery  be  charged  ttom  a 
110-volt  aliemating-current  dynamo  so  as  to  run  a 
direotpourrent  motor  efficiently  for  automobile  work  ? 
(5)  Is  there  any  way  of  telling  (without  a  oosnpaas) 
wnether  or  not  one  field  ooil  of  a  four-pole  motor  Is 
connected  in  wrong?  Will  it  heat  upT  (e)  How  can 
you  always  tell  wmch  is  the  positive  side  of  a  gen- 
erator? Id)  Do  you  know  of  anv  way  to  cool  down 
a  hot  motor  bearing?  H.  A.  S.,  Chicago,  m. 

Amb.— (a)  No;  it  is  necessary  to  have  direct  current 
to  charge  a  storage  battery,  and  the  only  means  by 
which  you  could  utilise  alternating  current  would 
be  to  change  it  to  direct  current,  either  by  means  of  a 
rotary  transformer  or  a  motor  genera.tor  set.  (6)  All 
you  wish  to  know  usually,  in  a  case  of  this  kind.  Is 
whether  the  poles  are  alternately  of  oppod  to  polarity, 
without  reference  to  whether  they  are  north  or  soath. 
Take  a  large  sewing  needle  and  magnetice  it  by 
bringing  it  into  contact  with  one  of  the  poles  of  the 
machine,  then  suspend  it  in  the  middle  by  a  thread, 
and  hold  it  opposite  one  pole  of  the  machine,  about  a 
foot  or  more  to  one  side.  The  needle  will  swing 
toward  the  pole.  Now  pass  on  to  the  next  pole  and 
the  needle  should  swing  around  so  as  to  present  its 
opposite  end,  and  so  on  all  the  way  around,  the 
needle  pointing  the  opposite  way  as  it  is  changed 
from  one  pole  to  the  next  If  it  does  not  do  so,  it 
shows  that  the  conhections  of  the  coil  should  be 
reversed.  Care  should  be  taken  not  to  get  the  needle 
too  near  the  poles,  or  else  the  magnetism  may  become 
reversed  and  render  the  test  valueless.  The  coll  that 
is  connected  up  the  wrong  way  would  not  heat  any 
more  than  the  others.  If,  however,  one  coU  of  a 
shunt-wound  machine  becomes  short-circuited,  it  will 
cause  the  good  coils  to  heat  up,  while  the  faulty  ooil 
will  run  cool.  This  is  because  the  cutting  out  of  one 
coil  lowers  the  field  resistance  and  InoreaseB  the 
current,  whereas  a  reversed  connection  makes  no 
dlflRsrence  in  the  field  resistance,  (c)  Connect  one 
terminal  of  a  lamp  to  one  pole  of  the  generator 
and  the  other  terminal  to  a  piece  of  wire.  Conneet 
another  idece  of  wire  to  the  other  pole.  Dip  the 
two  ends  in  a  tumbler  of  water  mixed  with  a  small 
amount  of  sulphurie  add.  and  keep  the  ends  an  inch 


Digitized  by 


Qoo^^ 


ANSWERS  TO  INQUIRIES 


311 


or  two  apart.  Babbles  of  gai  will  be  given  off  from 
both  ends,  bat  they  will  be  given  off  faster  at  the 
negative  tenninal  than  at  the  positive,  i.  e.,  the  wire 
connected  to  the  positive  side  gives  off  the  least 
amcmnt  of  gas.  The  lamp  is  nsed  merely  as  a  resist- 
anee  to  limit  the  current,  (d)  See,  first  of  all,  that 
the  belt  is  not  too  tight;  this  is  a  very  frequent 
cause  of  hot  bearings  on  motors.  Next,  examine  the 
machine  and  see  whether  the  bearings  have  worn  so 
as  to  allow  the  armature  to  get  out  of  center  in  the 
fields.  If  this  is  the  case,  there  may  be  a  heavy  mag^ 
netic  pull  on  the  armature  that  will  cause  heating. 
The  remedy  for  this  is  to  rebabbitt  the  boxes,  or  put 
in  new  ones.  Examine  the  oil  in  the  oil  wells  and  see 
whether  it  is  clean  and  free  from  grit.  If  there  is  any 
sign  of  grit  in  it,  clean  out  the  box  thoroughly  with 
bensine,  and  fill  up  with  fresh  oil.  If  the  shaft  has 
been  cutting  and  if  there  are  any  ridges  on  it,  they 
should  be  carefhlly  removed  and  the  shaft  polished 
with  fine  crocas  cloth.  Any  roughness  of  the  bab- 
bitt lining  should  also  be  removed  by  scraping. 
Sometimes  heating  of  motor  bearings  is  caused  by  a 
heavy  end  pull  on  the  armature,  due  to  its  not  being 
centered  in  the  field  properly;  the  armature  should 
play  treeij  endwise  when  running.  In  some  cases 
the  self-oilbig  rings  become  stuck  and  the  bearing  is 
not  fed  properly  with  oil.  In  cases  where  it  is  abso- 
lutely necessary  to  keep  running,  the  bearing  may 
be  cooled  off  by  holding  a  piece  of  ice  against  the 
outer  casing.  Be  very  carefbl,  however,  when  this  is 
done,  to  see  that  no  water  gets  on  the  commutator 
or  into  the  armature. 

»*« 

(304)  I  have  Installed  a  160  K.  W.  220-volt  gener- 
ator, belted  to  a  Corliss  engine,  and  have  been  very 
earefril  in  installing  the  wire  to  avoid  grounds  or 
leaks  of  any  kind,  in  connection  with  the  system 
there  is  700  ft  of  underground  lead-covered  cable. 
The  whole  system  appears  to  be  charged  with  static 
electrlcitv,  which  I  suppose  comes  from  the  moving 
belts.  I  feel  confident  that  the  lines  are  all  clear.  I 
would  like  to  ask:  (a)  Does  the  machine,  or  the 
lead-covered  wire,  or  the  whole  of  the  wire,  act  as  a 
condenser?  (6)  would  such  charges  have  a  tendency 
to  cause  leaks  to  the  frame  of  themachine,or  througn 
the  rubber  to  the  lead  casing  of  the  underground 
cable?  (6)  Does  such  a  static  oharffe  destroy  ttie  fila- 
ment in  an  incandescent  lamp,  and  does  it  affect  arc 
lamps?  (d)  Could  I  connect  a  condenser  in  the  cir- 
cuit in  any  way  so  as  to  continually  discharge  the 
lines  without  making  a  ground;  if  not,  what  form  of 
conductor  would  you  suggest  in  order  to  avoid  the 
trouble?  («)  Would  such  dischargee  on  to  a  battery 
wire  affect  an  open-circuit  battery? 

J.  C,  Chictigo  Heights,  111. 

Aifs.— <a)  The  machine  would  not  act  as  a  con- 
denser, but  the  whole  system  of  wiring  might  act  as 
a  condenser,  or  rather  as  one  side  of  a  condenser, 
the  ground  corresponding  to  the  other  side,  or  in  the 
ease  of  the  cable  the  sheath  would  correspond  to  the 
other  side,  (b)  Bach  charges  may  in  some  cases  tend 
to  cause  leak8,more,  perhaps,  in  connection  with  the 
dynamo  itself  than  with  the  wiring.  Place  a  row  of 
points  under  the  belt  near  the  dynamo  pulley  and  con- 
duct the  charges  to  the  ground;  also,  if  the  djmamo  is 
at  present  insulated,  connect  the  fkame  to  the  ground 
through  a  high  resistance  made  up  of  three  or  four 
lamps  in  series,  (e)  A  static  charge  on  a  belt  will 
affect  the  filament  of  an  incandescent  lamp  and  keep 
it  continually  in  vibration;  for  this  reason  it  is  fre- 
quently found  that  the  filaments  of  lamps  hanging 
near  running  belts  soon  break.  We  hardly  see  how 
a  lamp  with  steady  static  charge,  i.  e.,  a  lamp  simply 
charged  and  not  hanging  near  a  moving  belt,  would 
be  aflteted  injuriously,  (d)  A  condenser  would  not 
help  matters,  as  it  would  soon  become  Ailly  charged ; 
jou  might  try  providing  a  high-resistance  path  to 
the  ground  by  using  a  light  charred  groove  on  a 
piece  of  board,    (e)  Such  discharges  should  not 


aflbot  a  battery,  as  the  current  is  so  extremely  small 
that  it  would  be  incapable  of  producing  any  per- 
ceptible chemical  effect. 

(805)  I  am  running  a  25  K.  W.  Edison,  125-volt 
direct-current  generator,  (a)  What  would  be  the 
result  if  the  wires  running  to  the  rheostat  should  in 
some  way  become  disconnected  or  broken?  (b)  Is 
there  any  voltage  between  these  wires  at  present? 

(c)  Would  there  be  if  they  should  become  oroken? 

(d)  How  would  it  affect  the  voltage  of  the  machine? 

J.  W.  H.,  Uvonia  Station,  N.  Y. 

Ams.— (a)  If  the  wires  running  to  the  field  rheostat 
were  broken  the  shunt-field  circuit  of  the  dynamo 
would  be  opoied  and  no  current  would  flow  around 
the  field  coils.  The  result  would  be  that,  if  the 
machine  were  in  operation,  it  would  cease  to  gen- 
erate, or  if  you  were  trying  to  start  it,  it  would  refbse 
to  "  pick  up."  (5)  There  is  a  voltage,  or  pressure,  be- 
tween these  wires  so  long  as  the  machine  is  operating. 
The  amount  of  the  voltage  depends  on  the  amount  of 
field  rheostat  in  use,  and  probably  never  exceeds  10  or 
15  volts,  (e)  There  would  be  practically  no  pressure 
between  the  wires  if  they  were  broken,  because  the 
dynamo  would  cease  to  generate;  there  might  be  a 
very  small  pressure  due  to  the  residual  magnetism  of 
the  field,  but  this  would  be  so  small  as  to  be  scarcely 
noticed,  (d)  The  voltage  of  the  machine  would  drop 
to  zero,  or  very  nearly  so. 

**♦ 

(306)  Will  you  kindly  tell  me  how  to  prepare  gela- 
tine for  plaster  casting,  and  also  how  it  is  prevented 
from  molding  and  shrinking  when  not  in  use? 

M.  A.  P.TNew  Westminster,  B.  C. 

Ans.— Place  gelatine  in  a  small  amount  of  water 
for  5  or  6  hours,  and  melt  slowly  in  a  double  boiler. 
This  would  be  more  elastic  if  molasses  in  the  pro- 
portion of  4  ounces  of  molasses  to  16  ounces  of  gela- 
tine is  added.  It  should  be  heated  Just  enough  to 
thoroughly  melt  the  entire  mixture.  Stir  frequently 
while  cooling,  or  put  It  in  shallow  pans  so  that  it  will 
cool  evenly.  The  cast  from  which  the  elastic  mold 
Is  made  must  be  oiled,  shellacked,  or  pcdnted,  and 
the  surface  must  be  carefhlly  greased  with  hot  lard 
or  lard  oil;  warm  the  cast  slightly  to  distribute  the 
grease  evenly.  To  insure  a  more  perfect  distribution, 
rub  it  on  the  surface  with  the  finger.  The  gelatine 
should  not  be  warm  enough  to  melt  the  grease  that 
has  been  applied  to  the  cast,  or  the  mold  will  not  stick 
to  it.  A  little  carbolic  acid  will  prevent  the  molds 
from  becoming  moldy  in  warm  weather.  Elastic 
molds  can  be  kept  for  a  considerable  time  if  placed 
in  a  cool  room  and  not  exposed  to  the  air.  When  not 
in  use,  the  elastic  mold  should  be  kept  covered  with 
oilcloth  or  rubber  cloth,  so  as  to  keep  the  air  away 
from  them  as  much  as  possible,  which  will  prevent 
them  from  warping  and  cracking. 

.*• 

(807)  I  have  had  considerable  experience  in  setting 
fireplace  tiles,  but  I  have  found  in  some  cases  that 
they  become  loose,  apparently  by  the  excessive  heat, 
especially  those  at  the  top  of  the  fireplace.  I  have 
used  the  best  quality  of  Portland  cement  and  mortar, 
in  the  proportion  of  about  half  and  half.  Can  you 
explain  to  me  why  the  tiles  become  loose,  as  this  is  a 
matter  of  prime  importance  to  me? 

R.  8.,  Philadelphia,  Pa. 

Ans.— We  think  this  Is  caused  by  the  brickwork 
not  being  thoroughly  dried  out  before  the  tiles  are 
set.  Where  it  is  not  thoroughly  dried  out  it  has  to 
"sweat"  through  the  face  of  the  wall,  and  this 
causes  a  certain  amount  of  moisture  to  accumulate 
on  the  surface.  An  excessive  heat  will  not  only 
generate  steam,  which  would  throw  off  the  tiles,  but, 
from  the  fact  that  the  face  of  the  tile  is  much  hotter 
than  the  body  of  the  wall  behind  it,  there  is  a  move- 
ment caused  by  the  difference  in  the  temperature  of 
the  fiace  of  the  tiles  and  the  back  sufficient  to  cause 
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the  tilM  to  lose  their  adheilon.  We  have  experienced 
the  leme  dlfflculty  where  a  comer  hai  been  flniehed 
In  Keene*!  cement,  and  a  steam  pipe  being  located 
near  the  comer  haa,  by  throwing  off  considerable 
heat,  caused  the  cement  to  curl  away  ftom  the  wall. 
We  had  the  cement  cnt  oat  and  replaoed,  bat  the 
same  thing  oocnrred  again,  which  satisfied  as  that 
the  excesslTe  temperature  of  the  Cmc  of  the  wall, 
and  the  comparative  coolness  of  the  body  of  it,  caused 
the  trouble.  Another  case  where  the  tiles  are  apt  to 
move  is  where  a  tie  strap  has  not  been  inserted  over 
the  fireplace  opening  to  tie  the  piers  together.  Where 
there  is  a  shrinkage  of  the  mortar  or  a  settlement  in 
the  brickwork  suflicient  to  cause  a  movement  of  the 
arch,  yon  will  readily  peroeive  that  the  adhesion  of 
the  tiles  would  be  destroyed.  A  great  deal  of  trouble 
arises  from  rushing  either  the  brick  or  stone  masonry 
too  rapidly,  especially  if  lime  mortar  has  been  used, 
and,  unless  you  are  thoroughly  satisfied  that  the 
brickwork  has  had  suflicient  time  to  dry  out,  we 
would  advise  that  the  tiles  be  mounted  on  a  separate 
slab  and  entirely  independent  of  the  body  of  the 
wall.  All  new  fireplaces  should  be  heated  gentiy, 
by  a  light  fire,  so  as  to  give  the  work  time  to  heat 
slowly.  Where  the  heat  is  applied  too  rapidly, 
trouble  will  always  ensue  from  cracked  flue  linings 
and  brickwork,  or  ttom  tiles  working  loose. 


(906)  WUl  you  explain  how  the  section  of  a  steel 
stmt  is  increased  In  order  to  sustain,  besides  the 
direct  compressive  stress,  a  bending  stress?  If  pos- 
sible, give  me  a  formula  by  which  the  additional 
area  required  in  the  section  to  resist  the  transverse 
stress  may  be  obtained,  and  also  how  the  formula  is 
deduced.  I  would  like  you  to  work  out  an  example, 
with  the  formula,  to  demonstrate  its  application. 
L.  E.  F.,  Water  Dury,  Mass. 

Ahs.— A  formula  by  which  the  additional  area 
required  In  a  column  or  strut  to  resist  bending  as 
well  as  direct  compressive  stress  may  be  deduced 
as  follows: 

M  =  Jf„       (1) 
In  which  M  »  bending  moment  on  the  strut  in 
in.-lb.  and  M^  =  resisting  moment  of  section. 

My  =  QS,        (2) 
where  Q  —  section  modulus  of  the  section,  and  S  — 
safe  unit  flber  stress  of  the  material. 
I 


Q  = 


(3) 


in  which  /  a  moment  of  inertia  of  section,  and 
C  =  distance  ttom  the  neutral  axis  of  section  to  the 
extreme  fiber.    From  formulas  (1),  (2),  and  (8), 


It  is  also  known  that 


IS 
C 

I 
A' 


(4) 


(5) 


where  S^  =  square  of  the  radius  of  gyration,  and 
A  =  area  of  the  section  required  to  resist  the  trans- 
verse stress  on  the  column. 
By  combining  (4)  and  (5),  substituting  and  trans- 
CM 
posing,  ^  "^  jM  g-   ^^  providing  the  additional  area, 

or  i4,  required  to  resist  the  transverse  stress,  the 
metal  should  be  as 
evenly  distributed 
through  the  section  as 
is  possible,  as  the 
radius  of  gyration  must 
not  be  materially 
changed  ftom  that  of 
the  original  section. 
If  in  adding  the  re- 
quired area  the  radius  of  gyration  of  the  section 
is  considerably  changed,  the  calculation  must  be 
made  anew  with  an  assumed  section  and  an  altered 


radius  of  gyration.   This  trouble  is  seldom  neoee- 

sary,  as  suflicient  metal  can  usually  be  added  to 

the  section  wlthoat  materially  changing  the  radius 

of  gyration.    Assume  that  the  accompanying  figure 

is  the  section  of  a  steel-rafter  member  in  a  large 

roof  truss,  which,   besides  sustaining   the  direct 

oomprsasive  stress,  is  loaded  along  iu  entire  length 

with    a    uniformly  distributed   load   of  6,000  lb. 

The  distance  between  the  panel  points  of  the  truss 

is  10  ft.,  and  the  safe  or  allowable  unit  fiber  stress 

of  the  material  composing  it  is  15,000  lb.     How 

should  the  section  be  increased  in  order  to  provide 

for  the  bending  stress  created  by  the  untfcnnly 

,     ^.    «  ,  ^        ^       WL       6.000X10 

distributed  load?   SofuMon:   Jf  =    -—  - 


8 


Then.  A  = 


CM 


2.45  sq.  in. 


IPS 
Since  the  total  area  of 


=  7,SO0  ft.-lb..  or  90,000   in.-lb. 
=  _i  X  90,000 

9.79  X  15,000 

the  original  section  is  13.12  sq.  in.,  the  area  required 
in  the  section  to  resist  both  the  direct  and  transverse 
stress  equals  13.12  -t-  2.45,  or  15.57  sq.  in.,  and  to 
realise  this  area  the  thickness  of  the  rolled  sections 
will  have  to  be  increased  to  H  ^^^  Such  an  increase 
would  not  materially  change  the  radius  of  gyration, 
and  the  section  may  be  designed  on  this  basis.  The 
thickness  U  in.  would  be  an  unusual  sijse  for  the 
plates  and  angles:  they  would  more  than  likely  have 
to  be  rolled  specially,  or  the  next  largest  stock  sizes 
used. 

♦** 

(MO)  Is  there  any  practical  wav  of  estimating 
bulldingB.  such  as  sheds,  bams,  small  houses,  etc,  by 
the  square  foot?  F.  K  a..  Bar  Harbor,  Me. 

Ans.— There  is  a  way  of  estimating  the  approxi- 
mate cost  of  such  buildings.  Not,  however,  1^  the 
square  foot,  but  by  the  cubic  foot.  The  usual  prac- 
tice is  given  in  the  following  table: 

CoBT  OF  Buildings  peb  Cubic  Foot. 


Class  of  Building. 


Cost. 

Cents  per 

Cn.Ft. 


=    Small  frame  building*,  costing 

ftom  $800  to  $1.500 8  to    9 

,     Frame  houses,  8  to  12  rooms, 

costing  from  $1,500  to  $10,00a..  9  to  11 

Brick  houses.  8  to  10  rooms 10  to  14 

Highly  finished  dty  dwellings 

(brick  or  stone) 17  to  20 

Schoolhouses  (brick) ,        9  to  11 

Churches  (stone) 20  to  25 

Office  buildings  (well  finished)  30  to  40 

Hospitals,  Ubraries,  and  hotels  32  to  44 


The  use  of  this  table  gives  only  approximate 
results,  and  can  only  be  safely  used  to  check  close 
estimates. 

••• 

(310)  (a)  Why  is  the  outer  rail  of  a  railroad  curve 
elevated;  is  it  to  overcome  the  centriftigal  force? 
(b)  Do  you  know  of  any  railroads  that  are  doing 
away  with  this  elevation  of  the  outer  rail  7  (e)  Can 
the  side  rod  of  a  locomotive  be  keyed  up  too  short? 
(d )  I  think  they  can  be  put  up  too  short  and  keyed 
up  too  long.  Am  I  right  or  wrong?  (e)  Are  all 
looomotive*Doiler  crown  sheets  put  up  with  crown 
bars?  R.  F.,  i?ew  Orleans.  La. 

AHS.— (a)  Yes.  (b)  No.  (e)  Yes.  (d)  They  can  be 
put  up  either  short  or  long,  and  they  can  be  keyed 
up  either  short  or  long,  if  cranks  are  not  set  on  the 
centers  while  keying  up.  {e)  No;  the  mi^rity  have 
radial  stays. 
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DETERMINATION  OF  THE  MERIDIAN 
DIRECT  SOLAR  OBSERVATION 


BY 


Benj.  F.  La   Rue 


Thb  Method  of  Detbrminino  the  True  Meridian  by  Observing  the  Sun  Directly 
With  an  Ordinary  Surveying  Transit 


THE  instractions  issaed  by  the  Commis- 
sioner of  the  General  Land  Office  now 
require  that  the  bearings  of  all  lines  in 
government  sorveys  and  surveys  for  patent 
shall  be  determined  by  their  deflection  from 
the  tnie  meridian,  bearings  determined  by 
means  of  the  magnetic  needle  not  being  con- 
sidered sufficiently  reliable.  That  this  is  a 
wise  requirement  is  evidenced  by  the  greater 
aniformity  and  more  satisfactory  results 
obtained  in  the  surveys.  A  direct  outcome 
of  the  requirement,  however,  is  the  necessity 
for  a  correct  and  easily  applied  method  for 
determining  the  true  meridian. 

For  this  purpose,  stellar  observations  have 
been  employed  quite  extensively,  these  being 
usually  observations  of  the  circumpolar  star 
Polaris,  commonly  known  as  ''the  north 
star."  But  stellar  observations  have  the 
disadvantage  of  being  inconvenient,  because 
they  must  be  made  in  the  night  time,  when 
the  star  observed  is  visible  and  in  the  proper 
position,  which  is  often  at  a  very  inconve- 
nient hour.  As  a  more  convenient  means  of 
determining  the  true  meridian,  solar  obser- 
vations have  grown  much  in  favor  and  are 
now  employed  extensively.  Two  general 
methods  of  solar  observation  for  this  purpose 
are  in  use,  differing  in  the  means  employed 
rather  than  in  principle. 

One  method  is  chiefly  mechanical,  by 
means  of  the  solar  instrument.  The  original 
solar  instrument  was  invented  in  1835,  by 
William  A.  Burt,  of  Michigan,  one  of  the 
pioneer  United  States  deputy  surveyors  then 
engaged  in  the  government  surveys  of  the 
public  lands.  This  instrument,  as  invented, 
is  a  compass  having  a  device  for  solar  obser- 
vations which    is   virtually  a   mechanical 


solution  of  the  astronomical  triangle,  giving 
the  meridian  mechanically  from  a  coordinate 
determination  of  the  sun's  position.  It  is 
still  used  considerably,  and  by  many  engi- 
neers is  thought  to  afford  the  best  and  most 
simple  means  of  determining  the  true  merid- 
ian expeditiously,  although  several  other 
forms  of  solar  attachments  are  now  manuiac- 
tured.  By  means  of  the  solar  instrument, 
the  surveyor  places  the  line  of  sight  of  his 
instrument  in  the  plane  of  the  meridian  and 
then  determines  the  bearing  of  the  survey 
line  by  its  deflection  from  the  meridian. 
The  solar  instrument,  while  affording  a  con- 
venient and  expeditious  means  of  determin- 
ing the  meridian,  has  the  disadvantage  of 
being  rather  cumbersome  and  expensive, 
adding  considerable  to  both  the  weight  and 
cost  of  a  transit,  while  its  adjustments  may 
easily  become  so  disturbed  as  to  cause  it  to 
give  erroneous  results. 

The  other  method  is  by  direct  observation 
of  the  sun  by  means  of  an  ordinary  transit 
instrument,  having  both  horizontal  and 
vertical  graduated  circles.  It  consists  in 
ascertaining  the  position  of  the  sun  with 
reference  to  any  line  of  the  survey,  by 
measuring  the  horizontal  angle  between  the 
vertical  plane  through  the  sun  and  instru- 
ment and  the  vertical  plane  containing  the 
line  of  survey,  and  in  ascertaining  the  sun*s 
position  with  reference  to  the  horizon  by 
measuring  the  vertical  angle.  The  latter 
angle  gives  the  third  side  of  the  astronomical 
triangle  whose  three  angles  are  fixed  by  the 
pole,  the  zenith,  and  the  sun;  and,  by  solv- 
ing this  for  the  angle  at  the  zenith,  the 
bearing  of  the  sun  at  the  instant  of  observa- 
tion is  determined  with  respect  to  the  true 
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meridian.  As  the  bearing  of  the  san  with 
reference  to  the  survey  line  has  been  meas- 
ured by  the  obserred  horizontal  angle,  the 
bearing  of  the  survey  line  can  be  at  once 
referred  to  the  true  meridian. 

In  this  method,  the  principle  of  the 
direct  observation  is  substantially  the  same 
as  when  the  solar  instrument  is  used,  but  the 


bearing  of  the  sun  with  respect  to  the  true 
meridian,  which  is  given  mechanically  by 
the  solar  instrument,  must  in  this  method 
be  computed  by  solving  the  astronomical 
triangle  for  the  zenith  angle.  This  is  the 
one  disadvantage  of  the  method;  it  is  not  an 
objection  of  much  importance,  however,  as 
the  computations,  when  properly  performed, 
are  neither  complicated  nor  tedious.  More- 
over, as  a  knowledge  of  the  direction  of  the 
true  meridian  is  not  usually  required  during 
the  progress  of  the  earlier  portion  of  the 
field  work,  and  in  many  cases  is  not  required 
during  any  portion  of  it,  the  computations 
can  usually  be  performed  in  the  office  under 
favorable  conditions.  This  method  of  deter- 
mining the  true  meridian,  and  the  necessary 
computations  relating  to  it,  will  now  be 
described.  Before  beginning  the  descrip- 
tion, however,  it  will  be  well  to  define  some 
of  the  terms  employed  in  spherical  trigo- 
nometry, as  applied  to  astronomical  com- 
putations. 

The  celestial  sphere  is  the  imaginary  spherical 
envelope  or  surface  in  which  all  the  celestial 
bodies  appear  to  be  situated.  Its  radius  is 
considered  as  infinitely  great.  In  the  com- 
putations for  determining  the  true  meridian 
by  direct  observation  of  the  sun,  the  spherical 
triangle  considered  is  assumed  to  lie  in  the 
surface  of  the  celestial  sphere. 

The  sensible  horizon  is  the  circle  in  which  a 


plane,  tangent  to  the  surface  of  the  earth  at 
the  point  of  observation,  cuts  the  surface  of 
the  celestial  sphere. 

The  real  horizon  is  the  great  circle  in  which 
a  plane  through  the  center  of  the  earth,  par- 
allel to  the  plane  of  the  sensible  horizon,  cuts 
the  surface  of  the  celestial  sphere.  This  is 
also  called  the  raiional  horiaon.  In  observa- 
tions of  the  sun  for  the  purpose  of  determin- 
ing the  meridian,  however,  no  distinction 
need  be  made  between  the  sensible  and  the 
real  horizon,  other  than  a  slight  allowance 
for  parallax. 

The  zenith  of  the  observer  is  the  point  in 
the  surface  of  the  celestial  sphere  directly 
over  his  head.  It  is  one  pole  of  the  horizon, 
the  opposite  pole  being  called  the  nadir. 
Let  Fig.  1  represent  the  celestial  sphere  and 
let  0  be  the  place  of  the  observer,  that  is, 
a  point  on  the  earth's  surface;  the  earth  is, 
of  course,  very  small  as  compared  with  the 
celestial  sphere.  Also,  let  Z  be  the  zenith 
of  the  observer;  then,  H  TR  will  be  his 
horizon. 

The  axis  of  the  earth  is  the  imaginary  line 
about  which  the  earth  rotates.  The  same 
line  prolonged  is  the  axis  of  the  celestial 
sphere. 

The  celestial  equator  is  the  great  circle  in 
which  the  plane  of  the  earth's  equator  cuts 
the  surface  of  the  celestial  sphere. 

The  poles  of  the  celestial  equator  are  the 
points  where  the  axis  pierces  the  surface  of 
the  celestial  sphere.  Let  FOP',  Fig.  1,  be 
the  axis  of  the  celestial  sphere.  Then, 
ETQ  IB  the  celestial  equator,  and  P  and  P^ 
are  its  poles. 

The  declination  of  a  star  or  other  celestial 
body  is  its  angular  distance  north  or  south 
of  the  celefitial  equator,  the  term  correspond- 
ing to  terrestrial  latitude.  Declination  north 
of  the  equator  is  commonly  distinguished  by 
the  positive  sign  and  declination  south  of 
the  equator  by  the  negative  sign. 

The  polar  distance,  or  codedination,  of  a 
star  is  its  angular  distance  from  the  pole, 
that  is,  the  complement  of  its  declination. 
If  S,  Fig.  1,  is  a  star,  then  DiS  is  its  declina- 
tion and  PSiB  its  polar  distance,  or  codedi- 
nation. 

The  altitude  of  a  star  is  its  angular  eleva- 
tion above  the  horizon,  9a  AS,  Fig.  1. 

The  zenith  distance,  or  coaUitude,  of  a  star 
is  its  angular  distance  from  the  zenith,  or 
the  complement  of  its  altitude,  as  ZS,  Fig.  1. 

Hour  circles,  or  circles  of  declination,  are 
great  circles  of  the  celestial  sphere  passing 
through  the  poles  of  the  celestial  equator, 
BaPDP',  Fig.  1. 
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Vertical  circles  are  great  circles  of  the 
celestial  sphere  passing  throngh  the  zenith 
of  the  obeerrer,  m  ZAN,  Fig.  1. 

The  cdetdal  meridian  of  the  observer  is  the 
great  circle  in  which  the  plane  of  the 
observer's  terrestrial  meridian  cats  the  sur- 
face of  the  celestial  sphere.  It  is  the  hoar 
circle  which  passes  throagh  the  zenith  of 
the  observer;  hence,  it  is  the  hoar  circle 
which  is  also  a  vertical  circle.  All  circles 
represented  in  Fig.  1  are  projected  apon  the 
celestial  meridian  PZF^N. 

The  azimuth  of  a  star  is  the  angle  between 
the  meridian  of  the  observer  and  the  vertical 
circle  throagh  the  star.  As  PZE^  Fig.  1,  is 
the  meridian  and  ZS A  is  the  vertical  circle 
throagh  S,  the  spherical  angle  PZS  at  the 
zenith  is  the  azimath  of  S,  measared  from 
the  direction  of  the  nearer  pole  of  the  merid- 
ian; that  is,  measared  from  the  north,  if 
the  observer  is  in  the  northern  hemisphere. 
EZS  is  the  sapplement 

The  zenith  angle  Z^  giving  the  azimath  of 
S,  can  be  compated  when  the  angalar  lengths 
of  the  sides  PZ,  PS,  and  ZS  of  the  astro- 
nomical triangle  PZS  are  known.  The  sides 
PZ  and  PS,  being,  for  a  solar  observation, 
the  oolatitade  of  the  observer  and  the  co- 
declination  of  the  san,  respectively,  can  be 
easily  foand  when  the  latitade  of  the  point 
of  observation  and  the  declination  of  the  san 
at  the  instant  of  observation  are  known,  by 
merely  sabtracting  each  from  90°,  and  the 
side  ZS  can  be  foand  by  measuring  the  ver- 
tical angle  A  S,  which  is  the  altitude  of  S, 
and  sabtracting  it  from  90°.  This  operation, 
as  relating  to  the  determination  of  the 
meridian  by  observation  of  the  san,  will  now 
be  considered. 

In  Fig.  2,  let  P  and  P^  represent  the  poles 
and  E  Q  T  the  celestial  equator;  let  0  be  the 
place  of  the  observer,  let  Z  be  the  observer's 
zenith,  let  PZQ  be  his  meridian,  and  HRI 
his  horizon;  also,  let  S  be  the  sun.  Then, 
ZQIb  the  latitade  of  the  observer,  DS\b  the 
declination  of  the  sun,  and  AS  ia  the  alti- 
tude of  the  sun;  PZS  is  the  astronomical 
triangle  that  must  be  solved  for  the  zenith 
angle  Z,  in  order  to  give  the  bearing  of  the 
sun  with  respect  to  the  meridian.  The  three 
sides  of  this  astronomical  triangle  are:  PZ, 
the  colatitude  of  the  observer;  PS,  the  co- 
dedination  of  the  sun;  and  ZS,  the  coalti- 
tade  of  the  san.   These  are  found  as  follows: 

The  Colatitude,— Ab  the  arc  PQ  from  the 
pole  to  the  equator  is  90°,  the  colatitude  PZ 
is  foand  by  subtracting  from  90°  the  latitude 
QZ  of  the  observer.  If  the  latitude  of  the 
point  of  observation  is  not  known,  it  can 


usually  be  determined  with  sufficient  accu- 
racy by  scaling  from  a  reliable  map  or  esti- 
mating by  its  distance  north  or  south  of 
some  point  whose  latitude  is  known.  In 
thus  estimating  latitude,  an  allowance  of  52^ 
seconds  per  mile  of  northing  or  southing,  or 
5'  13^^  per  township,  is  closely  approximate 
at  latitudes  of  about  40°.  For  short  dis- 
tances, it  is  sufficientiy  accurate  to  allow  1 
second  of  latitude  for  each  100  feet  northing 
or  southing. 

The  Codedination. — ^As  the  arc  PD  from 
the  pole  to  the  equator  is  90°,  the  codeclina- 
tion  PS  IB  found  by  subtracting  the  sun's 
declination  D  S  from  90° .  The  declination  of 
the  sun  is  taken  from  the  * 'American  Epheme- 
ris  and  Nautical  Almanac,"  published  by  the 
Navy  Department  at  Washington.  From  the 
table  Solar  Ephemeris  for  Washington  is  ob- 
tained: first,  the  sun's  apparent  declination 
for  the  date  of  observation,  with  its  sign  + 
when  north  and  —  when  south,  remember- 
ing that  this  is  the  sun's  apparent  declination 
when  observed  from  Washington  at  noon; 
second,  the  sun's  hourly  motion  in  declina- 
tion, with  its  sign;  this  has  the  same  sign  as 
the  declination  when  the  sun  is  receding 
from  the  equator  (March  22  to  June  21,  and 
September  22  to  December  21 ) ,  and  the  oppo- 
site sign  from  the  declination  when  the  sun 
is   advancing    toward    the   equator.     The 


difiference  in  longitude  between  Washington 
and  the  place  of  observation  is  then  found 
and  reduced  to  units  of  time,  calling  it  +  if 
the  place  of  observation  is  west  of  Wash- 
ington and  —  if  it  is  east.  The  difference  in 
longitude  can  be  taken  from  a  map;  as  it  is 
used  only  for  the  purpose  of  ascertaining  the 
change  in  the  sun's  declination  between  noon 
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at  Washington  and  the  time  of  obeenration, 
an  error  of  longitude  not  exceeding,  say,  5° 
will  be  of  little  consequence.  To  this  differ- 
ence in  longitude,  expressed  in  time  unite, 
must  be  added  algebraically  the  number  of 
hours  before  or  after  noon  ( local  sun  time)  of 
the  time  of  observation,  calling  it  —  if  before 
noon  and  +  if  after  noon.  The  sum  will  be 
the  length  of  time  elapsing  between  the  time 
of  the  sun's  tabulated  declination  (Washing- 
ton noon)  and  the  time  of  the  observation. 
This  should  be  reduced  to  hours  and  multi- 
plied by  the  hourly  change  as  taken  from  the 
Ephemeris;  the  result  should  then  be  added 
algebraically  to  the  sun's  declination  for 
the  date  of  observation  as  taken  from  the 
Ephemeris,  observing  the  signs  strictly  in  all 
operations.  The 
final  result  will  be 
the  apparent  dec- 
lination of  the  sun 
for  the  time  and 
place  of  observa- 
tion, and  the  com- 
plement of  this 
will  be  the  codec- 
lination,  or  side 
PS  of  the  astro- 
nomical triangle. 

The  Coaltitude, 
This  must  be  de- 
termined  by 
directobservation 
of  the  sun.    For 

this  purpose  is  required  a  transit  tiistriiment 
having  an  arc  or  cirtle  for  iinj'asuririi;  angles 
in  a  vertical  plane.  Ho  special  attachmeuts 
are  necessary,  although  a  colored-glass  shade 
to  the  eyepiece,  through  which  the  eye  can 
observe  the  sun  directly,  a  diagonal  reflect- 
ing prism  for  observing  it  at  high  altitudes, 
and  a  ground-glass  screen  for  receiving  the 
images  of  the  sun  and  the  cross- wires,  are  all 
convenient  devices,  serving  to  facilitate  the 
observation.  The  instrument  should  be  in 
perfect  adjustment  in  all  respects,  but 
especially  with  regard  to  the  line  of  collima- 
tion  and  telescope  level,  and  should,  prefer- 
ably, be  set  up  over  a  station  of  the  survey. 
It  is  well  also  to  deflect  to  the  sun  from  the 
line  given  by  a  sight  on  a  point  of  reference 
so  distant  that  the  focus  of  the  objective  need 
not  be  changed  when  the  telescope  is  directed 
on  the  sun. 

The  Observation  far  AUUude.—Wiih  the 
verniers  of  the  horizontal  limb  set  at  zero, 
the  telescope  is  flrst  directed  upon  the  dis- 
tant point  of  reference,  without  regard  to 
the  vertical  angle  (the  vertical  limb  should 


have  been  previously  adjusted  to  read  zero 
for  a  perfectly  level  sight).  The  horizontal 
limb  is  now  undamped,  the  telescope  is 
directed  toward  the  sun,  and  both  the  hori- 
zontal and  vertical  limbs  clamped;  then, 
by  means  of  the  tangent  or  slow-motion 
screws,  the  image  of  the  cross-wires  is  made 
to  exactly  quarter  the  image  of  the  sun  as 
cast  upon  a  piece  of  white  cardboard  held 
behind  the  eyepiece,  which  must  be  drawn 
out  much  farther  than  for  an  ordinary  sight 
The  eyepiece  must  be  drawn  out  to  such 
position,  and  the  card  must  be  held  at  such  a 
distance  from  the  eyepiece,  as  to  give  a  dis- 
tinct image  of  the  cross-wires  within  the 
lighted  spot  deflning  the  image  of  the  sun, 
somewhat  as  shown  in  Fig.  3.  The  objective 
must  be  set  at  such  position  as 
to  give  a  dearly  defined  image  of 
the  6U11  upon  the  card.  The  posi- 
tions of  the  objective  and  eyepiece, 
and  the  distance  of  the  card  from 
the  latter,  that  will  give  the  clear- 
eel  and  moat  distinct  image  of  both 
the  aun  and  the  cross-wires,  should 
be  aecertaiced  by  repeated  trials 
before  t&kiiig  the  observation. 
When  these  have 
been  ascertained, 
the  objective  and 
eyepiece  slides 
should  be  marked 
so  as  to  be  read- 
ily set  for  making 
observations 
thereafter.  After 
some  practice,  the 
surveyor  will  be 
able  to  obtain 
distinct  images  and  to  quarter  the  image  of 
the  sun  accurately  with  the  image  of  the 
cross-wires,  getting  perfectly  satisfactory 
results  by  this  method  of  observation. 

Some,  however,  prefer  to  make  the  obser- 
vation with  the  image  of  the  cross-wires 
tangent  to  the  edge  of  the  sun's  image,  as 
shown  in  Fig.  4,  one  position  being  taken 
for  observations  in  the  forenoon  and  the 
other  for  observations  in  the  afternoon. 
When  the  observation  is  taken  in  this 
manner,  however,  allowance  must  be  made 
for  the  angular  value  of  one-half  the  sun's 
apparent  diameter,  which  varies  from  about 
15^  minutes  to  about  \Q\  minutes  during  the 
year;  the  exact  value  for  any  given  date  can 
be  found  in  the  Ephemeris.  In  deflecting 
from  the  reference  point,  the  image  of  the 
cross-wires  should  be  brought  just  tangent 
to  the  edge  of  the  sun's  image,  uiihoui  poMsing 
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across  it.  The  angular  value  of  one-half  the 
sun's  diameter  must  then  be  added  to  the 
reading  of  each  limb  in  order  to  obtain  the 
correct  horizontal  and  vertical  angles.  It  is 
doubtful,  however,  whether  better,  or  even 
as  good,  results  can  be  obtained  by  this 
method  of  observation  as  by  making  the 
image  of  the  cross- wires  quarter  the  image  of 
the  sun.  Some  instruments  have  special 
wires  in  addition  to  the  regular  cross-wires, 
arranged  so  as  to  facilitate  the  accurate 
quartering  of  the  sun's  image.  One  such 
arrangement  is  shown  in  Fig.  5,  the  manner 
in  which  it  defines  the  position  of  the  sun's 
image  being  shown  in  Fig.  6. 

Whatever  method  is  employed  for  ma- 
king the  observation,  when  the  telescope  is 
brought  to  the  proper  position  with  respect 
to  the  sun,  both  the  horizontal  and  vertical 
angles  must  be  read  and  recorded,  the 
horizontal  angle  being  recorded  to  the  right 
or  left,  accordingly  as  it  is  to  the  right  or 
left  of  the  sun,  as  though  the  angle  had  been 
turned  from  the  sun  as  the  point  of  reference. 
The  exact  local  time  of  the  observation  and 
the  manner  in  which  it  is  made,  whether  by 
bringing  the  image  of  the  cross-wires  to 
quarter  the  sun's  image  or  tangent  to  its 
edge,  must  also  be  recorded.  The  date  of 
observation  should  also  be  recorded,  as  it 
may  be  found  desirable  for  future  reference. 
After  the  observation  has  been  made  and 
recorded,  the  telescope  should  be  again  di- 
rected upon  the  distant  point  of  reference, 
and  the  vernier  read  as  a  check  on  the 
angular  measurement 

In  this  manner,  a  series  of  from  six  to  ten 
successive  observations  should  be  made  and 
recorded.     This  can   be  done  rapidly;  in 


Fig.  4 
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fact,  with  the  aid  of  an  assistant  to  record 
the  angles,  so  as  to  permit  the  observer  to 
devote  his  attention  entirely  to  the  instru- 
mental work,  under  favorable  conditions 
and  without  interruption  from  clouds  the 
series  of  observations  can  be  made  at  the 
rate  of  about  one  per  minute.  At  least  two 
series  of  observations  should  be  made,  one 
in  the  morning  and  one  in  the  afternoon. 


with  the  sun  at  about  the  same  distance 
from  the  meridian  in  each  case  and  with  the 
telescope  in  reverse  positions  for  the  two 
series. 

The  observations  should  not  be  made  with 
the  sun  too  near  the  horizon,  as  the  refhtc- 
tion  of  light  is  then  too  great;  they  should 
also  not  be  made  when  the  sun  is  too  near 
the  meridian,  as  the  sun's  change  in  altitude 


Pig.  5 


Fig.  6 


is  then  small  for  a  considerable  change  in 
azimuth.  About  the  middle  of  the  forenoon 
and  afternoon  has  been  found  to  be  the  best 
times  for  taking  the  observations,  giving  the 
most  accordant  results  in  ordinary  latitudes, 
though  no  set  rule  can  be  stated. 

The  Oomputations, — ^The  vertical  angles,  or 
the  sun's  altitudes,  as  observed,  must  be 
corrected  for  refraction,  and  some  allowance 
should  also  be  made  for  the  sun's  parallax. 
The  correction  for  the  refraction  is  taken 
from  a  table  of  mean  refractions;  this  correc- 
tion must  always  be  subirojcied  from  the  sun's 
observed  altitude.  The  correction  for  paral- 
lax is  opposite  to  that  for  refraction,  or  addi- 
tive. This  correction,  however,  is  always 
lees  than  9  seconds  of  arc,  and  it  will  usually 
be  sufficiently  accurate  to  take  the  correc- 
tion for  refraction  at  the  first  even  10  seconds 
below  its  value  as  taken  from  the  table, 
dropping  the  odd  seconds  as  the  correction 
for  parallax.  Having  thus  corrected  the 
sun's  observed  altitude,  its  coaltitude  is 
found  by  subtractitig  the  corrected  altitude 
from  90°. 

The  three  sides  of  the  astronomical  triangle 
P  Z  S  have  now  been  determined,  being  the 
colatitude  of  the  observer,  and  the  codecli- 
nation  and  coaltitude  of  the  sun;  it  now 
remains  merely  to  compute  the  zenith  angle 
Z  of  this  triangle  in  order  to  determine  the 
bearing  of  the  sun  with  respect  to  the  true 
meridian,  which  may  be  done  by  applying 
any  one  of  several  well-known  trigonomet- 
rical formulas. 

Let   1  =  PZ  =  colatitude  of  observer; 
d  =  PS  =  codeclination  of  sun; 
a^=  ZS  =  coaltitude  of  sun; 
«  =  J(/  4-  d  -f  a)  =  one-half  the  sum 
of  these  three  sides  of  the  triangle; 
Z  =  required  zenith  angle  PZS, 
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Then,  from   spherical  trigonometry,  we 
have  directly 

\  ema  •  sml 


\       am  a  •  ain  Z 


tan^Z 


^■4 


Bin  (a  —  g)  •  Bin(g  — 0 


sin  «•  sin  (3  —  d) 
The  valne  of  the  ssenith  angle  Z  can  be 
determined  by  means  of  any  one  of  these 
formulas,  which  are  easily  applied,  and  in 


which  the  operations  indicated  are  not 
laborious.  It  is,  howerer,  possible  to  deriTe 
a  formula  for  this  purpose  that  can  be 
applied  somewhat  more  expeditiously,  did 
space  permit  The  value  of  the  senith  angle 
Z  is  the  sun's  azimuth  with  respect  to  the 
true  meridian  at  the  instant  of  observation. 
The  difference  between  this  and  the  ob- 
served horizontal  angle  between  the  vertical 
drole  through  the  sun  and  that  through  the 
distant  point  of  reference  will  be  the  beariilg 
of  the  line  of  sight  on  the  distant  point  <2 
reference. 
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Equation   op   the   Tangent   Galvanomsteb — Copper  Voltaheteb — Determination   or 
Current  Strength  by  Means  of  a  Voltameter— Derivation  of  Results 


TT  T'HEN  an  electric  current  is  sent  through 
W  the  coils  of  a  galvanometer,  tiie 
needle  of  the  instrument  is  deflected 
through  an  angle  dependent  on  the  strength 
of  the  current  The  relation  between  tiie 
current  flowing  through  the  coil  and  the  de- 
flection of  the  needle  depends  on  the  design 
of  the  instrument  In  the  tangent  gal- 
vanometer, the  current  is  proportional  to 
the  tangent  of  the  angle  through  which  the 
needle  is  deflected. 

Galvanometers  are  very  frequently  used 
to  measure  relatively  small  electric  currents. 
In  order  that  the  strength  of  the  current,  in 
amperes,  flowing  through  the  circuit,  of  which 
the  galvanometer  forms  a  part,  may  be 
determined,  it  is  necessary  to  know  the 
galvanometer  ''constant"  This  constant  is 
a  number  by  which  the  tangent  of  the  angle 
of  deflection  of  a  tangent  galvanometer  must 
be  multiplied  in  order  to  obtain  the  amperage 
of  the  current  producing  the  observed  angular 
deflection  of  the  needle.  The  determination 
of  this  constant  constitutes  what  is  usually 
termed  calibrating  a  galvanometer.  In  other 
words,  calibrating  a  galvanometer  means  the 
determination  of  the  number  by  means  of 
which  the  strength  of  the  current  flowing 
through  the  coils  of  the  galvanometer  can 
be  easily  calculated  from  the  observed  de- 
flection of  the  galvanometer  needle.  The 
relation  between  the  current,  the  angular 
deflection  of  the  needle,  and  the  galvanom- 
eter constant  is,  for  the  tangent  galvanom- 
eter, to  which  type  we  will  limit  ourselves 


in   this   article,    given   by  the   following 
equation: 

C=J^tana^         (1) 
where  C  =  strength  of  current  in  amperes; 
a^  =  angle  of  deflection  in  degrees; 
K  =  galvanometer  constant 

To  illustrate  the  method  of  applying  the 
above  equation  in  practice,  we  will  take 
the  following  case:  In  order  to  measure  the 
current  flowing  in  a  circuit,  a  tangent  gal- 
vanometer was  connected  in  the  circuit  On 
closing  the  circuit,  the  needle  of  the  gal- 
vanometer deflected  through  an  angle  of  20°. 
The  constant  of  this  galvanometer  was  3.25. 
Applying  the  above  equation,  we  have 
C  =  JTtan  a«  =  3.25  tan  20*». 

From  a  table  of  natural  tangents,  we  find 
that  tan  20''  =  .36397;  hence, 

C  =  3.26  X  .36397  =  1.1829  amperes. 

When,  therefore,  the  numerical  value  of 
the  constant  JST  of  any  galvanometer  is 
known,  that  instrument  can  be  used  to 
measure  the  strengths  of  currents  that  are 
within  the  limits  of  the  measuring  capacity 
of  that  instrument. 

If  a  current,  whose  strength  in  amperes  is 
known,  is  flowing  through  a  galvanometer, 
the  constant  JTof  the  galvanometer  is  easily 
determined  by  solving  the  above  equation 
for  K.    Thus, 

Thus,  suppose  that  a  current  of  1.1829 
amperes,  when  flowing  through  the  coils  of 
a  certain  tangent  galvanometer,  causes  the 


Digitized  by 


Google 


CALIBRATION  OF  A  GALVANOMETER 


319 


.1^ 


",r 


\nPlaU, 


Fie.  1 


needle  to  deflect  through  an  angle  of  20^. 
Then 

C      _  1.1829  _ 
^  ~  tana«  ~  .36397  ~  ^'^' 
Thia  method  of  determining  the  galva- 
nometer constant  would  be  very  easy  and 
simple,  provided  a  standard  instrument  were 
available  that  would  measure  the  current 

strength  C 

accurately. 

Suchastand- 

7  if*^*"        *'^    instru- 

<>  ment,    how- 

-iJ  I .  ever^isanap- 

paratus  that 
■^1 — ^i" H         \    ^a"  is  not  avail- 

able to  the 
average  per- 
son. There- 
fore another 
method  for 
determining 
C,  which  is  at  the  command  of  every  person, 
idll  be  described.  This  method  <fepends  on 
the  determination  of  the  current  flowing  in  a 
drcoit  by  means  of  a  copper  voltameter. 

A  copper  voltameter  consists  of  a  glass 
veasel  fiUed  with  a  solution  of  copper  sul- 
phate (blue  vitriol)  into  which  two  copper 
plates  are  suspended  from  a  suitable  support 
The  apparatus  can  be  readUy  constructed  by 
means  of  some  sheet  copper  and  a  large-sized 
l^aaa  tumbler.  From  the  sheet  copper  are 
cat  two  plates,  having  the  shape  and  dimen- 
sions shown  in  Fig.  1.  A  wooden  support 
concdsting  of  a  horizontal  bar  p,  which  is 
capable  of  being  detached  from  a  fixed 
standard  (Fig.  2),  is  next  arranged.  The 
horizontal  bar  carries  two  binding  posts  c,  c 
from  which  the  copper  plates  may  be  sus- 
pended by  means  of  the  tongues  t,  t  and 
short  pieces  of  copper  wire  soldered  to  the 
tongues.  Fig.  2  shows  the  voltameter  and 
the  wooden  support  from  which  the  plates 
are  hung  by  means  of  the  tongues  t,  t  and 
the  two  binding  posts  c,  c.  By  means  of 
the  screw  «,  the  arm  p  may  be  fastened  in 
position,  and  by  removing  s  it  may  be 
lifted  out  of  position.  In  the  figure,  the 
plates  are  shown  immersed  in  the  copper- 
sulphate  solution.  When  the  voltameter  is 
connected  in  a  circuit  in  which  an  electric 
current  is  fiowing,  the  plates  and  about  half 
an  inch  of  the  tongue  should  be  under  the 
surface  of  the  liquid. 

When  an  electric  current  fiows  through 
a  copper  voltameter,  the  molecules  of  copper 
sulphate  are  decomposed  and  the  atoms  of 
copper  are  carried  along  in  the  direction 


in  which  the  current  is  flowing  and  are 
deposited  on  the  plate  by  which  the  current 
passes  out  of  the  voltameter.  That  por- 
tion of  the  copper-sulphate  molecule  which 
remains,  after  the  atom  of  copper  is  removed 
from  it,  passes  through  certain  chemical 
changes,  the  final  result  of  which  is  that  an 
atom  of  copper  is  taken  away  from  the 
other  plate — ^that  by  which  tiie  current 
enters  the  voltameter--and  a  molecule  of 
copper  sulphate  is  again  formed.  The  two 
plates  of  the  voltameter  are  therefore  acted 
on  differently.  The  one  through  which  the 
current  enters  the  voltameter  gives  up  a 
portion  of  its  copper,  while  the  other  one 
receives  some  copper.  For  these  reasons, 
the  first  plate  is  called  the  loss  plate,  and  the 
second,  the  gain  plate. 

The  weight  of  copper  deposited  on  the 
gain  plate  is  proportional  to  the  amperage  of 
the  current  and  to  the  time  during  which 
the  current  fiows  through  the  voltameter. 
It  has  been  found  by  experiment  that  a 
current  of  1  ampere  flowing  for  1  second 
deposits  .0003281  gram  of  copper  on  the 
gain  plate  of  the  voltameter.  If,  therefore, 
a  current  of  C  amperes  flows  through  the 
voltameter  for  a  period  of  t  seconds,  tiie 
weight  in  grams  w  of  copper  deposited  pn 
the  gain  plate  will  be 

w  =  .0003281  XCX^  grama.  (2) 

If  w  and  t  are  known,  the  strength  of  cur- 
rent can  be  determined  by  solving  this 
equation  for  C.    Thus, 

^=:ooo3lrxT*^p««»-      (20 

The  time  t  can  be  easily  determined  from 


Fig.  2 

observation  by  arranging  the  circuit  so  that 
it  can  be  closed  and  opened  quickly.  With 
the  aid  of  a  watch,  the  times  when  the  cir- 
cuit is  closed  and  opened  are  observed.  The 
difference  between  these  two  observations 
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gives  the  time  during  which  the  circuit  was 
closed,  and,  consequently,  the  time  during 
which  the  current  flowed  through  the  volt- 
ameter. The  weight  w  can  also  be  determined 
easily  by  weighing  the  gain  plate  before  the 
circuit  is  closed,  and  again  after  it  has  been 
opened.  The  difference  between  the  two 
weighings  is  the  weight  w  that  the  plate 
has  gained  during  the  flow  of  the  current. 

To  calibrate  a  galvanometer  by  means  of  a 
voltameter,  a  circuit  is  formed  consisting  of 
a  source  of  current,  the  voltameter,  the 
galvanometer,  and  a  variable  resistance,  all 
connected  in  series.  The  beet  source  of 
current  for  this  experiment  would  probably 
be  a  battery  of  two  or  three  Daniell  gravity 
cells.  Polarization  being  very  slight  in  these 
cells,  a  current  that  is  practically  constant 
in  value  is  obtained,  and  since  the  accuracy 
of  the  result  depends  on  the  constancy  of 


more  or  less  resistance  may  be  included  in 
the  circuit.  To  insure  good  contact  between 
the  hook  and  the  coil,  a  small  weight  may 
be  attached  to  the  former.  In  Fig.  3,  the 
variable  resistance  above  described  may  be 
seen.  The  coil  R  is  suspended  between  the 
wooden  supports  ^,  I '.  The  end  of  the  coil  at  I 
is  connected  to  the  circuit,  while  that  at  /^  is 
free.  The  hooks  that  hang  from  R  are  con- 
nected to  the  circuit  by  the  wire  w.  Small 
weights  p,p  are  fastened  to  the  hooks  to 
hold  the  latter  tight  against  the  wire  of  the 
coil,  so  as  to  make  good  contact. 

The  experiment  may  now  be  proceeded 
with  as  follows:  The  voltameter  plates  are 
first  cleaned  by  rubbing  their  surfaces  with 
emery  paper.  The  gain  plate,  especially, 
should  be  cleaned  until  its  surfaces  are 
perfectly  bright  and  free  from  any  oxide. 
After  having  cleaned  the  plates,  the  gain 


the  current,  the  above  cells  form  an  ideal 
source  of  current  for  this  work.  When, 
however,  through  some  cause  or  other,  the 
current  strength  changes,  it  is  necessary  to 
bring  it  back  quickly  to  its  former  vidue, 
and,  to  accomplish  this,  a  variable  resist- 
ance is  included  in  the  circuit 

A  convenient  form  of  such  a  resistance, 
and  one  that  is  very  simple  to  construct, 
consists  of  a  spiral  coil  of  stovepipe-iron 
wire  stretched  between  two  insulators  or 
wooden  plugs.  One  end  of  this  coil  is  directly 
connected  to  the  circuit,  while  the  other  end 
is  free.  By  means  of  a  hook  formed  from  a 
stiff  piece  of  copper  wire  and  a  snfScient 
length  of  flexible  copper  wire  any  portion  of 
the  variable  resistance  may  be  included  in 
the  circuit.  The  hook  is  hung  on  the  coil 
and  the  flexible  wire  connects  it  with  the 
circuit.    By  moving  the  hook  along  the  coil, 


plate  must  be  weighed.  In  order  to  obtain 
sufficiently  accurate  results,  the  weight  of 
the  plate  should  be  accurately  determined  to 
the  ten-thousandth  part  of  a  gram.  For  a 
person  that  has  access  to  the  proper  kind  of 
balance,  and  has  had  experience  in  making 
such  weighings,  this  part  of  the  experiment 
will  be  very  simple.  The  average  individual, 
however,  has  neither  access  to  such  a  balance 
nor  the  experience  to  use  it  properly.  Con- 
sequently, he  must  determine  ijie  weight  of 
the  plate  through  the  agency  of  some  one 
else.  Every  drug  store  contains  a  delicate  bal- 
ance for  weighing  substances  that  enter  into 
the  preparation  of  prescriptions.  Such  a  bal- 
ance would  answer  the  purpose  of  the  present 
case,  and  almost  any  druggist,  unless  heshould 
happen  to  be  a  very  disagreeable  individual, 
will  readily  make  the  required  weighing. 
After  the   plate  has  been  carefully  and 
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thoroughly  cleaned,  it  ahoold  be  wrapped 
well  in  two  or  three  layers  of  soft  paper,  to 
prerent  the  surface  from  becoming  covered 
with  oxide  of  copper,  which  it  will  do  if  it 
is  exposed  to  the  atmosphere.  It  should 
then  be  taken  to  the  drug  store,  unwrapped, 
weighed,  and  wrapped  up  again.  The  cir- 
cuit should  next  be  arranged  by  connecting 
the  battery,  the  galvanometer  to  be  cali- 
brated, tiie  voltameter,  and  the  variable 
resistance  in  series  with  one  another,  as 
shown  in  Fig.  3. 

It  will  be  noticed  that  the  resistance  12, 
shown  in  Fig.  3,  carries  two  contact  hooks 
connected  to  the  circuit  by  a  common 
wire.  The  olq'ect  of  having  two  hooks  is  to 
prevent  the  circuit  from  being  broken  and 
thus  stopping  the  flow  of  current  through  it 
when  the  resistance  must  be  varied.  If  only 
one  hook  were  used,  the  circuit  would  be 
broken  and  the  flow  of  current  stopped  when 
a  variation  in  the  resistance  was  required, 
because,  in  order  to  change  the  position  of 
the  hook,  it  would  have  to  be  raised  from  the 
wire,  and  thus  metallic  contact  between 
hook  and  coil  would  be  destroyed.  When, 
however,  two  such  hooks  connected  in  mul- 
tiple are  used,  as  shown  in  Fig.  3,  the  posi- 
tion on  the  coil  of  either  one  may  be  changed 
without  breaking  the  circuit,  since  the  other 
hook  stiU  remains  on  the  coil. 

The  galvanometer  should  be  placed  so 
that  its  coil  lies  in  the  magnetic  meridian. 
This  may  be  done  by  shifting  the  instru- 
ment around  a  vertical  axis  until  the  pointer 
is  exactly  over  the  zero  of  the  scale.  The 
voltameter  is  connected  into  the  circuit  by 
wires  attached  to  the  binding  posts  that 
carry  the  plates.  Two  auxiliary  copper 
plates,  of  about  the  same  size  and  shape  as 
those  described  above,  should  be  connected 
to  the  binding  posts  and  lowered  into  the 
solution  of  copper  sulphate.  As  soon  as 
the  plates  are  immersed  in  the  solution, 
the  circuit  is  completed  and  current  will  flow 
through  it  The  flow  of  the  current  through 
the  circuit  will  produce  a  deflection  of  the 
galvanometer  needle.  The  resistance  should 
now  be  varied  until  the  needle  deflects 
through  an  angle  of  about  46^.  This  angle 
is  chosen  because  the  indications  of  the  gal- 
vanometer are  more  correct  for  this  angular 
deflection  than  for  others.  Having  made 
this  adjustment,  the  plates  should  be  raised 
from  the  liquid  and  removed  from  the  bind- 
ing posts.  The  dean  plates  are  then  inserted 
and  adjusted  so  that  they  are  parallel  to 
each  other  and  their  centers  opposite.  The 
distance  between  the  two  plates  should  be 


about  \  inch.  The  plates  are  next  lowered 
into  the  solution  until  at  least  }  inch  of  the 
tongue  of  each  plate  is  below  the  surface, 
and  the  supporting  bar  is  fastened.  The 
exact  time  (hours,  minutes,  and  seconds) 
when  the  plates  were  lowered  into  the 
copper  sulphate  should  be  observed  and 
noted  on  a  piece  of  paper. 

The  galvanometer  needle  should  now  be 
deflected  through  about  the  same  angle  as 
before.  If  the  deflection  varies  very  much 
from  45^,  the  resistance  should  be  quickly 
varied  to  give  a  deflection  of  about  45^.  The 
current  should  be  permitted  to  flow  through 
the  circuit  without  interruption  for  at  least 
1  hour.  During  this  time  the  deflection  of 
the  needle  should  be  carefully  watched,  and 
it  should  be  kept  at  a  constant  angle  by 
varying  the  resistance  and  bringing  it  back 
to  the  original  angle  if  it  changes.  After  the 
run  is  completed,  the  plates  are  lifted  from 
the  solution  by  lifting  up  the  arm  p,  and  the 
exact  time  is  again  noted.  The  gain  plate  is 
removed  and  dried  by  laying  it  between  two 
sheets  of  filter  paper,  which  are  gently  pressed 
against  the  pUte.  The  wet  Alter  paper  is 
discarded  and  the  plate  is  again  placed  be- 
tween two  dry  sheets  of  filter  paper.  This 
operation  should  be  repeated  several  times, 
until  the  plate  is  perfectly  dry.  In  han- 
dling this  plate,  care  should  be  taken,  from 
the  time  when  its  surface  is  first  cleaned 
with  emery  paper,  not  to  touch  any  portion 
of  it  with  the  hand  except  the  upper  part 
of  the  tongue,  which  is  not  immersed  in  the 
liquid.  When  the  plate  is  perfectly  dry, 
it  must  be  weighed  again.  The  diffidrence 
between  the  two  weighings  gives  the  weight 
of  copper  deposited  on  the  plate  during  the 
run.  This  weight  corresponds  to  tc;  of  equa- 
tions (2 )  and  ( 2^ ) .  The  difl'erence  between 
the  two  time  observations  gives  the  time 
during  which  the  current  flowed  through 
the  circuit.  This  time  reduced  to  seconds 
gives  t  of  equations  (2)  and  (2^).  By  apply- 
ing equation  (2^),  the  ampere  strength  of  the 
current  that  flowed  through  the  circuit  can 
now  be  calculated. 

It  will,  however,  be  necessary  to  modify 
the  above  equation  slightly  if  the  druggist 
uses  apothecaries'  weights  in  weighing  the 
plate,  as  he  will  undoubtedly  do.  The 
formula  for  finding  the  current  will  then  be 
_    31.15XJ^  ,.. 

.0003281  X<*  ^^ 

where    C  =  current  in  amperes; 
t    =  time  in  seconds; 
w'  =  weight  of  copper  deposited  in 

ounces  (apothecaries'). 
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One  oanoe  apothecaries'  weight  =  31.16  Obbbbvationb 

2fiunfl  Weight  of  plate  before  mn. .8642  os. 

Ha^determinedthecurrentthatflowed  ^•^"  •»''^*«  "^  "^                        :?!?!^ 

ttirough  the  g^vaaometer,  «d  knomng  the  S^'SSSi^e^f  iy)  i:.:  Vir:iiu^"^^ 

aenection  of  the  galyanometer  needle  pro-     circuit  opened lo  hr.  25  min.  o  wc. 

duoed  by  this  current,  the  galvanometer  con-     j^^^j,  of  test ihr.  omin.oieo. 

Btant  K  ifl  now  readily  calculated  by  equation  ^  „  3  ^qq  aecondi. 

(1^).    This  practically  completea  the  experi-      Angular  deflection  of  pointer. /OP 

ment;  for,  haying  determined  the  constant  of  tan  48<>  «  .9S2&2. 

the  galvanometer,  tiie  value  of  any  other  cur-  calculationb 

rent  flowing  through  that  i>aHicular  instru-  3^^^  ^          ^i.ih  x  .0125 

ment  can  now  be  calculated  by  equation  (1 ).  ^  =  iooo^rxl  "^  .000828I  x^,«o ""  '^^  ampero- 

Where  the  instrument  has  to   be  used  ^     c     __  .2ssn  ^  ^^ 

quite  frequently  to  measure  currents,  the  ""  tan  a<>  "^  .9S252  ^  ' 

work  may  be  greatiy  flBbcilitated  by  arranging  In  making  the  experiment,  the  precaution 

a  table  giving  the  current  strengths  corre-  should  be  taken  to  remove  all  iron  articles 

spending  to  angular  deflections  of  the  needle,  from  the  vicinity  of  the  galvanometer.    Steel 

Such  a  table  is  readily  compiled  by  means  or  iron  keys,  knives,  etc  should  be  removed 

of  equation  (1).    Values  of  a^  are  assumed  from  one's  pockets.    If  this  is  not  done,  the 

and  the  corresponding  values  of  C  calculated  deflections  of  the  galvanometer  needle  will 

and  arranged  in  tabular  fonn.    Then,  when  a  be  affected  and  the  results  obtained  wiU  be 

current  is  sent  through  the  galvanometer,  the  inaccurate.    Care  should  also  be  taken  to 

angular  deflection  of  the  needle  is  observed,  properly  connect  tiie  voltameter  in  the  dr- 

and,  by  referring  to  the  prepared  table,  the  cuit.  The  connection  should  be  made  so  that 

current  strength  corresponding  to  the  ob-  the  current  enters  the  voltameter  through 

served  angular  deflection  is  at  once  obtained,  the  smaller,  or  Iqss,  plate  and  passes  out 
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dfJP 
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a°  =  80^;  tan  80»  »  .57785;  C  =  Ktui2(P  » .358«  X  .57785  »>  .2042ainpere.  | 


31° 


320 


330 


.2125 


aP  =  310;  Un  SI®  -  .eoOM;  C  -- 


5  X  .00086  «  .2125  ampere. 


.2210 


.2296 


340 


aP  »  82^;  tan  82"  »  .62487;  C  »  .8586  X  .62487  =»  .2110  ampere. 


33°;  tan  880  =  .64041;  C  »  .3636  X  .64941  »  .2296  ampere. 


ao  =  340;  tan  340  =  .67451;  C  =  .3586  X  .67461  ■■ 


Tampere. 


etc.    etc. 


The  following  is  a  report  of  such  an 
experiment,  giving  all  the  data  and  results 
and  indicating  the  numerical  operations 
necessary  in  arriving  at  the  required  results. 
It  will  serve  very  well,  both  to  illustrate  the 
method  of  keeping  "observations  fand^to 
indicate  the  [numerical  work  [^required  to 
obtain  the  results  sought. 


from  the  vdltameter  through  the  larger,  or 
gain,  plate.  If  the  connection  is  improperly 
made,  the  small  plate  will  become  the  gain 
plate.  This,  however,  is  not  desirable,  and 
should  be  carefully  guarded  against  The 
smaller  plate  should  therefore  be  connected 
to  the  positive  side,  and  the  larger  plate  to 
the  negative  side  of  the  circuit. 
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STEAM  PIPES  AND  EXPANSION  JOINTS 


Chas.  J.  Mason 


The  Pcrpobb  of  the  Main  Steam  Pipes — Materials — Copper  and  Iron  Piping — Slip 
Joint— Gooseneck  Joiniv— Corrugated  Joint 


THE  main  iteam  pipe,  as  the  name 
implies,  is  the  pipe  that  oondacts  the 
steam  to  the  main  engines  or  pumps  in 
a  plant;  it  is  the  principal  pipe  throagh 
which  the  steam  flows  from  the  boilers  to  its 
destination.  Consequently,  it  is  the  largest 
Ixoe-tteam  pipe  in  a  plant. 

There  are  different  methods  of  erecting 
the  main  steam  pipe,  on  account  of  the 
different  conditions  existing.  The  condi- 
tions, in  turn,  determine,  to  a  large  extent, 
by  what  means  provision  is  to  be  made  for 
the  expansion  and  contraction  of  the  steam 
pipe,  and  also  goyem  the  installation  of  the 
drainage  system,  which  is  intended  to  take 
care  of  the  condensation.  It  is  of  the 
greatest  importance  that  the  two  features  just 
mentioned  should  receive  the  friUeet  con- 
sideration, so  that  proper  provisions  may  be 
made  to  prevent  an  otherwise  sure  disaster. 

The  size  (diameter)  of  the  main  steam 
pipe  depends  on  the  number  and  size  of  the 
units  that  are  to  be  supplied  with  a  certain 
quantity  of  steam  to  develop  a  given  power. 
It  is  a  question  of  volume  and  velocity.  Of 
coarse,  a  pipe  somewhat  larger  than  the  one 
found  necessary  by  calculation  should  be 
installed,  since  allowance  must  be  made  for 
the  distance  between  the  source  of  supply 
and  the  place  of  delivery,  which  distance 
determines  the  condensation.  Covering  the 
pipe  will  reduce  condensation,  but  caimot 
entirely  prevent  it,  owing  to  the  impossibility 
of  preventing  the  radiation  of  heat;  hence 
the  necessity  of  a  slightiy  larger  pipe  than 
figures  caU  for. 

The  thickness  of  the  main  steam  pipe  (or 
any  other)  depends  on  the  diameter  and  the 
pressure  sustained.  The  pressure  causes 
what  is  termed  a  struBt  and  the  stress  to 
which  the  material  of  the  pipe  may  be 
subjected  depends,  in  turn,  on  the  tensile 
struigth  of  that  particular  kind  of  material; 
in  short,  tiie  same  method  of  determining 
the  safe  pressure  that  may  be  carried  in  a 
boiler  can  be  applied  to  the  steam  pipe.  If 
the  pipe  has  a  riveted  joint,  then  the  per- 
centage of  strength  of  the  joint,  as  compared 
with  the  solid  plate,  will  have  to  be  deter- 
mined as  in  boiler  calculations. 

We  do  not  usually  calculate  the  strength 


of  the  smaller  pipes,  for  they  are  made  to 
withstand  a  much  greater  pressure  than 
they  will  ever  be  called  on  to  bear  in  the 
steam  plant.  When  extra  high  pressures 
are  used,  such  as  in  hydraulics  and  com- 
pressed air — when  the  pressures  run  up  in 
the  thousands  of  pounds  per  square  inch- 
then  the  pipes  are  increued  in  thickness 
to  meet  the  requirements.  But  in  any  case, 
the  diameter,  thickness,  volume  of  steam  to 
be  transmitted,  and  the  pressure  carried  are 
relatively  dependent  on  one  another. 

The  materials  used  for  steam  pipes  are 
copper,  wrought  iron,  and  steel.  Copper  is 
frequentiy  used  on  shipboard,  not  only  for 
tiie  main  steam  pipe,  but  for  many  others, 
such  as  feedpipes,  discharge  pipes  from  all 
the  pumps,  etc;  in  fact,  on  many  steam- 
ships, such  a  thing  as  an  iron  pipe  is  seldom 
seen. 

Of  course  the  main  steam  pipe  on  a  ship 
is  much  shorter  than  that  of  a  modem  steam 


FiG.l 


plant  on  land.  To  install  a  copper  pipe  in 
the  latter  place  would  necessitate  the  ex- 
penditure of  a  large  sum  of  money,  hence 
iron  pipes  are  used  instead.  But  it  may  not 
be  amiss  to  briefly  mention  something  about 
copper  pipes. 

For  small  copper  pipes,  the  seams  are 
simply  brazed,  similar,  in  comparison,  to  the 
weld  of  an  iron  pipe.  Copper  pipes  of  large 
diameter  are  usually  riveted  at  the  seam,  or 
are  dovetailed  and  brazed,  as  shown  in  Fig.  1. 
This  last-named  joint  is  very  strong,  and 
makes  a  very  neat  job.  The  method  of 
making  a  pipe  of  large  diameter,  so  as  to 
conform  to  the  ultimate  shape  or  bend  of 
the  pipe  when  in  position,  is  as  follows: 
The  boiler  and  engine  being,  set  in  <^eir 
permanent  positions,  respectively,  a  templet 
made  of  wood— a  mere  framework— is  fitted 
between  the  flanges  to  which  the  actual 
pipe  when  finished  will  be  coonected.    The 
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idea  of  this  ia  to  get  the  correct  difltance 
between  the  flangeJa,  to  produce  the  proper 
bend,  as  indicated  by  the  outline  of  the 
templet,  and  to  have  each  flange  lay  in 
its  proper  plane,  thereby  insuring  against 


FlO.2 

the  necessity  of  haying  to  spring  the  pipe 
into  place,  so  that  the  bolts  may  be  entered 
in  their  several  holes  in  the  flfluiges.  After 
the  templet  has  been  fitted  correctly,  it  is 
taken  to  the  coppersmith's  shop  and  set 
upon  the  floor  as  a  guide  by  which  to  make 
the  pipe. 

It  will  be  understood  from  the  foregoing 
that  there  are  no  '^elbows"  and  *'tees," 
such  as  are  used  in  screwed  iron  pipe,  needed 
in  the  construction  of  a  line  of  copper  pipe. 
When  outlets  or  branches  are  required  in 
the  main  pipe,  they  are  made  by  riveting  on 
and  brazing  a  properly  prepared  throat- 
piece  that  conforms  to  the  curvature  of  the 
pipe  to  which  it  is  to  be  connected.  All 
the  bends  are  made  of  large  radius. 

Copper  is  used  for  piping  because  of  its 
toughness  and  ductility,  and  also  because  it 
can  be  easily  worked  into  shape.  Not  only 
that,  but,  unlike  iron,  it  does  not  suffer  from 
corrosion.  When  properly  made,  copper 
pipe  is  considered  by  many  to  be  much 
better  than  iron  pipe,  and  also  safer,  but 
then  it  is  much  more  costly. 

Now,  in  regard  to  the  main  steam  pipes 
that  are  made  of  iron,  it  may  be  said  that 
there  are  three  different  kinds:  flanged, 
with  riveted  joints;  flanged,  with  lap- welded 
joints;  and  lap-welded  screwed  pipe,  with 
the  usual  fittiogs.  The  first  mentioned, 
used  for  large  mains,  have  heavy  cast-iron — 
sometimes  steel— flanges  that  are  riveted  to 
the  pipe.  The  requisite  branch  outlets  are 
obtained  through  a  casting,  one  side  of 
which  is  made  to  conform  to  the  pipe  to 
which  it  is  riveted,  and  it  is  then  calked 
steam-tight,  and  the  other  side  is  a  plane- 
faced  flange  to  which  a  valve  or  a  similar 
flanged  pipe  may  be  connected. 

The  second  kind  (flanged,  with  lap-welded 
joints)  is  used  for  moderately  large  mains, 
and  for  pipes  that  connect  the  individual 
boilers  to  a  main,  as  in  a  large  plant  where 


there  are  a  number  of  boilers.    When  used 
thus,  the  flanges  are  usually  riveted  on,  and 
the  pipes  have  no  side  outlets;  but,  when  this 
daas  of  pipe  is  used  as  a  main,  as  in  a  small . 
plant  with   only  one  or   two  boilers,  the 
flanges  are  usually  screwed  on 
to  the  pipe,  the  elbows,  tees, 
and   other  fittings   being   also 
connected  to  screwed-on  flanges. 
All  the  fittings  of  this  class  of 
piping  are  usually  cast  iron.  In 
some  of  the  smaller  flanged  iron 
pipes,  the  flanges  are  made  of 
wrought   iron,   thereby  giving 
strength  and  insuring  non-liabil- 
ity to  split  when  screwed  on  the  pipe  or  to 
crack  when  the  bolts  are  drawing  the  flanges 
together  to  make  a  joint 

The   third   kind   of  piping   (lap-welded 
screwed  pipe,  with  the  ordinary  fittings) 
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is  used  for  mains  and  other  pipes  in  small 
plants.  All  the  joints  in  this  class  of  piping, 
with  the  exception  of  ground-joint  unions, 
are  screwed.  Elbows  are  used  to  change 
the  direction  of  run,  and  tees  admit  of  a 
branch  outlet  connection. 

Having    briefly   described  the   difflerent 
kinds  of  piping  used  for  steam  mains,  we 
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will  now  consider  how  the  expansion  and 
contraction,  to  which  metals  are  sabject 
owing  to  changes  in  temperature,  is  taken 
care  of,  and  what  disposition  is  made  of  the 
water  of  condensation  within  the  pipe. 
These  are  points  of  vital  importance. 

There  are  two  general  methods  of  provi- 
ding for  expansion.  Fig.  2  illustrates  the 
''slip''  expansion  joint,  which  admits  of 
the  pipe  expanding — slipping!;  in  to  the  full 
extent  called  for  by  the  temperature.  The 
screwed  studs  passing  through  a  fixed  flange 
on  the  pipe  are  an  additional  safeguard. 
These  nuts  are  not  to  touch  the  flange  at  any 
time,  since  this  would  counteract  the  pur- 
pose of  the  expansion  joint;  they  are  adjusted 
so  as  to  prevent  the  possibility  of  the  pipe 
ever  coming  entirely  out,  which,  of  course, 
would  cause  disaster.  It  was  owing  to  such 
an  accident  that  the  present  form  of  slip 
joint,  with  the  extended  studs  through  the 
fixed  flanges,  was  designed. 

A  second  method  of  providing  for  a 
change  in  the  length  of  a  pipe  is  illustrated 
in  Fig.  3.  At  (a)  a  copper  pipe,  bent  as 
shown,  is  bolted  to  the  flanges  of  the  pipe. 
This  is  usually  called  a  gooseneck  expansion 
joint.  Owing  to  the  shape,  it  is  quite  elastic 
and  is  well  adapted  to  take  care  of  all 
changes  in  length  that  are  likely  to  occur. 
Attention  is  called  to  the  fact  that,  when 
installed,  it  should  invariably  be  placed 
with  the  gooseneck  up,  or  as  shown  in  the 
illustration.  Occasionally,  a  bent  pipe  like 
that  shown  in  Fig.  3  (6)  is  used. 

There  is  a  thinl  method  of  providing  for 
expansion  that  is  sometimes  used  on  exhaust 
pipes  in  large  plants;  this  is  simply  a  short 
section  of  corrugated  (usually  copper)  pipe. 
Such  an  expansion  pipe,  shown  in  Fig.  4, 
is  used  where  the  space  does  not  admit  of 
a  carved  pipe  being  used.  This  class  of 
expansion  pipes  really  comes  under  the 
heading  of  curved  pipes,  since  the  action  is 
practically  the  same,  which  is  the  straight- 
ening out  of  the  bends  or  curves,  thus 
permitting  contraction  to  take  place  with- 
out danger  to  the  pipe.  The  expansion  acts 
in  an  opposite  and  equal  manner. 

It  may  be  well  to  call  attention  to  an  error 
in  connection  with  expansion  joints  into 
which  many  people  unconsciously  fall.  They 
assume  that  the  expanding  of  the  pipe  will 
cause  the  pipe  to  slip  out  of  the  joint  in  case 
of  a   slip  joint.    Very  little  thought  will 


show  that  the  pipe  must  slip  into  the  expan- 
sion joint  in  order  that  the  length  over 
all  of  the  piping  will  not  be  changed.  In 
case  the  pipe  contracts,  it  will  slip  otd  of 
the  joint. 

If  no  provision  were  made  to  admit  of  the 
pipe  alternately  expanding  and  contracting, 
then  something  would  give  way  under  the 
strain;  usually  the  joints  would  start  to  leak 
all  along  the  line.  The  extent  6f  the  injury 
sustained  would  depend  on  the  extremes  of 
temperature  afiecting  the  pipe,  and  also  on 
the  length  of  the  pipe  itself.  The  coefllcient 
of  linear  expansion  is  given  as  follows: 

Copper 00000965 

Iron    .00000686 

These  figures  give  the  amount  of  expansion 
per  foot  and  degree.  It  will  be  seen  from 
this  that  a  steam  pipe  need  not  be  very  long 
in  order  to  wrench  the  weakest  fittings 
apart,  if  proper  provision  is  not  made  for 
expansion.    For  example,  suppose  we  have 


Fig.  4 

a  main  steam  pipe  100  feet  long;  the  pres- 
sure carried  is,  say,  150  pounds  gauge;  before 
the  steam  is  turned  on  from  the  boiler,  the 
temperature  of  the  pipe  is  70^  F.  We  find, 
on  consulting  the  ''table  of  properties  of 
saturated  steam,"  that  steam  of  150  pounds 
pressure  has  a  temperature  of  366^  F.; 
therefore,  the  difierence  of  temperature  will 
be  366  —70  =  296**;  continuing,  we  find 
that  our  pipe  will  increase  in  length  under 
the  stated  conditions,  100  X  296  X  .00000686 
=  .203  feet,  or  2.4  inches,  which  is  an 
amount  requiring  provision  for  its  care. 

In  actual  work,  the  amount  of  expansion 
is  rarely  calculated  from  the  temperature 
difference;  the  usual  rough-and-ready  rule 
is  to  allow  for  3  inches  of  expansion  for  every 
100  feet  of  pipe. 

It  must  not  be  assumed  by  the  reader  that 
the  expansion  joints  and  kinds  of  steam 
pipes  here  described  are  the  only  ones  in 
use.  These  have  been  selected  simply  on 
account  of  their  being  most  universally  used. 
For  instance,  cast-iron  pipe  is  occasionally 
employed  for  main  steam  pipes. 
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M.  L.  King 


How  Stbam  Blows  From  Hot-Watbb  Fauckis— Thk  Cibculation  and  Skdimxnt  Pifib. 

WsDOiNO  THK  Water  Fbomt 


IT  WOULD  seem,  from  the  large  number 
of  kitchen  ranges  and  range  boilers  in 
use,  that  the  methods  of  heating  the 
water  in  such  boilers  should  be  thoroughly 
understood  and  the  subject  itself  exhausted. 
It  is,  however,  the  very  diyersity  of  the 
methods  employed  and  of  the  efficiencies 
obtained  that  prompts  the  writing  of  the 
present  article. 

What  is  commonly  called  the  "  boiler  "  is 
really  a  hot- water  storage  tank.  The  boiler 
proper,  if  there  really  is  such  a  thing  con- 
nected to  the  system,  is  represented  by  the 
water  front  in  the  range.  It  should  be  the 
intention,  however,  to  so  arrange  the  piping 
and  connections  that  boiling  of  the  water 
or  steaming  wiU  not  readfly  occur.  To  avoid 
confhsion,  the  trade  terms  of '* boiler"  and 
''water  front,''  as  ordinarily  understood, 
will  be  used  in  this  article. 

At  atmospheric  pressure,  steam  forms  at 
a  temperature  of  212^,  whUe  at  a  pressure 
of  50  pounds  per  square  inch,  which  is  quite 
common  in  ranges  connected  with  city 
mains,  steam  forms  at  297^.  It  is  thus  seen 
that  water  may  be  heated  to  considerably 
over  212®  and  still  occupy  the  entire  space 
in  a  range  boiler.  When  this  condition 
exists,  and  the  hot-water  faucet  is  opened, 
the  fimcet  will  ''spit";  that  is,  discharge 
water  and  steam  intermittently,  and  rather 
violently,  until  the  entering  cold  water 
mixes  with  and  reduces  the  temperature  of 
the  water  in  the  boiler  below  the  boiling 
point.  Steam  wiU  sometimes  issue  from  the 
hot  faucet  in  such  a  volume  that  we  may 
imagine  the  boiler  to  be  filled  with  steam, 
when  it  really  is  fiUed  to  t^ie  top  with  water 
at  a  high  temperature. 

The  heating  of  water  to  such  high  tem- 
peratures in  range  boilers  is  undesirable,  and 
may  be  avoided  to  a  great  extent  by  properly 
proportioning  the  sizes  of  boilers  to  the 
water  fronts  to  which  they  are  to  be  con- 
nected. 

It  is  seldom  advisable  to  use  a  boiler  of 
less  than  30  gallons  capacity,  and  it  will 
be  found  good  practice  to  use  that  size 
with  water  fronts  having  an  area  of  about 
75  square  inches  exposed  to  the  fire.  With 
water  fronts  having  an  area   of  between 


80  and  100  square  inches,  a  40-gallon  boiler 
may  be  used.  With  water  fronts  having  an 
area  of  between  100  and  120  square  indhes, 
a  50-gallon  boiler  is  advisable,  etc  Of 
course,  such  figures  as  are  here  given  are 
mere  averages,  no  account  being  taken  of 
the  9erviee  required  in  the  range  in  which 
the  water  front  is  placed.  Enough  has  been 
said  to  show  that  judgment  must  be  used  in 
selecting  the  proper  size  of  bdler. 

In  addition  to  the  steaming  at  the  fiuioet, 
steam  may  also  be  formed  in  the  water  front 
when  the  water  in  the  boiler  is  compara- 
tively cool.  This  is  caused  by  the  use  of 
circulating  pipes  that  are  too  small  or  have 
become  obstructed  in  some  way.  The  water 
is  then  unable  to  flow  through  the  water 
front  fist  enough  to  carry  the  heat  to  the 
body  of  cooler  water  in  the  boiler,  and  the 
steam  bubbles  thus  formed  produce  a  series 
of  very  annoying  tapping  sounds. 

It  is,  of  course,  well  understood  that  the 
circulation  of  the  water  through  the  pipes 
leading  from  the  boiler  to  the  water  front, 
and  back  again  to  the  boiler,  is  caused  by 
the  difference  in  density  (which  means  a 
diflTerence  in  weight  of  given  measured  quan- 
tities) of  the  water  in  the  water  front  and 
in  the  pipes  of  the  circulation  system.  The 
power  to  move  the  water  and  cause  it  to 
circulate  is  fiimished  by  heat  imparted  to 
the  water  front  by  the  burning  fuel.  The 
laws  governing  the  circulation  of  water  are 
even  more  irrevocable  than  the  laws  of  the 
Modes  and  Persians,  and  the  slightest  in- 
fraction of  them  is  sure  to  cause  a  rebellion. 

It  is  essential,  then,  to  provide  water  fhmt 
and  pipes  with  unobstructed  waterways,  and 
the  top,  or  flow,  pipe  from  the  water  front 
should  pitch  upwards  all  the  way  to  the 
boiler.'  It  is  sometimes  unavoidsJi>le  that 
the  circulation  pipes  should  be  run  around 
behind  the  range,  but  they  should  be  as 
short  and  durect  and  with  as  few  fittings 
as  possible. 

The  bottom,  or  rOum,  pipe  should  be 
dropped  near  the  boiler  to  a  point  an  inch 
or  two  below  the  bottom  opening  in  the 
water  front,  so  that  any  sediment  or  rust 
flakes  will  stop  at  that  point  For  this 
reason,  a  "tee,''  and  not  an  elbow,  should 
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be  placed  at  the  lowest  point,  and  an  elbow, 
nipple,  and  fanoet  of  the  same  size  as  the 
dicolating  pipe  does  service  as  a  sediment 
chamber,  from  which  the  sediment  should 
be  frequently  drawn  off.  The  general  prac- 
tice has  been  to  connect  the  sediment  pipe 
to  the  waste  pipe  near  the  sink,  but  it  is 
evident  that  the  condition  of  the  water  can- 
not be  seen  when  so  connected,  while,  from 
the  unconnected  fimcet,  one  may  readOy  see 
the  color  and  condition  of  the  water  in  tiie 
sediment  chamber.  Then ,  too,  with  the  sedi- 
ment pipe  connected  to  the  sewer  or  waste 
pipe,  tiie  boiler  and  water  pipes  may  become 
Ghai^B^ed  with  vapors  from  the  sewer,  if  the 
sediment  cock  is  left  turned  on  after  the 
boiler  is  emptied.  It  behooves  the  young 
plumber,  when  making  repairs,  to  see  that 
the  washer  in  the  sediment  faucet  is  in  good 
condition,  and  free  from  hard  substances 
before  refilling  the  boiler.  He  will  thus 
escape  the  humiliation  of  being  "turned 
down"  by  the  cook  because  the  faucet 
leaks  and  the  boiler  must  be  emptied  again 
to  put  in  a  new  washer. 

The  circulation,  or  range,  pipes  perform 
the  hardest  kind  of  service,  and  should  be 
carefully  selected  and  fitted.  While  f-inch 
pipe  may  be  large  enough  for  some  water 
fronts,  it  is  better  practice  to  use  1-inch  pipe 
wherever  possible.  A  brass-pipe  range  job, 
while  about  four  times  the  cost  of  the  same 
job  in  galvanized  pipes,  is,  nevertheless, 
cheaper  in  the  end,  for  the  iron  pipes  rust 
out  quickly.  Whether  brass  or  galvanized 
pipes  are  used,  the  inside  ends  of  all  pipes 
and  nipples  should  be  reamed  out  burger 
than  the  diameter  of  the  pipe,  so  that  the 
friction  may  be  reduced  to  a  minimum.  It 
is  well  to  keep  in  mind,  too,  that  a  pipe 
is  not  larger  than  its  smallest  area;  and  the 
operation  of  cutting  the  pipes  always  leaves 
a  "burr"  that  reduces  the  area  to  a  consider- 
able extent 

The  ordinary  brass  boiler  coupling  and 
"spud"  is  durable  and  convenient,  but 
should  be  discarded  when  fitting  with  1-inch 
pipe,  as  the  couplings  are  seldom  more  than 
I  inch  in  diameter,  and  often  lees.  The 
ordinary  threaded  "union"  should  there- 
fore be  used,  and,  if  of  brass  with  ground 
face  joints,  there  need  be  no  fear  of  its  ever 
leaking.'  With  the  galvanized  union,  some- 


thing more  substantial  than  the  common 
doth  insertion  rubber  packing  should  be 
used,  as  tiie  service  required  is  nearly  the 
same  as  is  required  in  a  steam-power  plant. 
A  little  care  in  red-leading  the  screw  joints 
will  be  time  well  spent.  It  is  very  slovenly 
to  smear  the  whole  length  of  the  inside 
threads  of  the  fittings  with  an  excessive 
amount  of  red  lead  or  joint  grease.  A  better 
way  is  to  use  a  small  stiff  brush,  and 
apply  a  thin  coating  on  the  inside  of  the 
threads  for  only  i  inch  back  from  the  enter- 
ing end  of  the  fitting,  and  an  equal  amount 
on  the  entering  end  of  the  outside  thread. 
The  slovenly  way  is  a  trifle  the  quicker,  but  it 
leaves  the  inside  of  pipes  and  boiler  so  greasy 
that  the  evidence  will  appear  for  several 
days  on  the  inside  of  the  Imthtub. 

When  connecting  a  water  front,  put  it 
where  it  belongs  and  wedge  it  tightly  in 
place  with  pieces  of  wood  extending  across 
the  firebox,  so  that  the  front  end  cannot 
spring  away  from  its  place  by  reason  of  a 
strain  on  the  pipes.  A  space  between  the 
water  front  and  the  range  side  would  allow 
a  stream  of  air  to  interfere  with  the  draft  of 
the  range  and  cool  one  side  of  the  water 
front  To  fhrther  guard  against  this  trouble, 
a  little  fireclay  may  be  used  to  point  up  the 
joint  along  the  top  of  the  water  front 

A  doth  fastened  to  an  old  file  and  satu- 
rated with  gasoline  or  kerosene  and  properly 
applied  to  the  job  when  finished  will  not 
only  add  greatly  to  its  appearance,  but  will 
also  add  to  your  reputation  for  neat  work. 

When  taking  down  a  boUer  that  has  been 
in  use  for  some  time,  remember  that  there 
is  inside  of  it  a  lot  of  rusty,  slimy  mud  just 
aching  for  a  chance  to  spill  out  and  spread 
itself  all  over  the  kitchen  floor. 

If  the  young  plumber  will  act  on  the  fore- 
going hints,  and  use  a  little  discretion  and  a 
great  deal  of  old  carpet  to  catch  the  surplus 
dirt,  the  householder  will  say  to  the  boss: 
"Send  the  same  young  man  that  fixed  up 
my  range  boiler." 

In  condusion,  remember  that  if  the  job 
takes  a  little  longer  than  expected,  the 
owner  may  "kick,"  but  will  soon  forget 
about  it  If,  however,  the  job  is  improperly 
done,  he  wUl  never  forget  it,  because  the 
evidence  of  poor  work  is  constantly  before 
him. 
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Steam,  Electricity,  and  Gasoline  as  Propelling  Agents— Advantages  and  Disadvan- 
tages OP  Each— Methods  op  Speed  Control 


IN  FRANCE,  the  country  in  which  the 
automobile  was  first  taken  up  in  earnest 
on  business  principles,  there  are  over 
five  thousand  of  these  vehicles  in  use  at  the 
present  time,  more  than  75  per  cent,  of 
which  are  driven  by  gasoline  engines.  In 
England,  the  electric  vehicle  and  the  steam- 
driven  automobile  are  about  equally  in  favor, 
while  the  gasoline  automobile  is  slowly  but 
surely  becoming  better  understood,  and  in 
time  is  certain  to  outdistance  its  rivals.  In 
the  United  States,  where  the  electric  vehicle 
practically  saw  its  birth  about  five  years  ago, 
at  which  time  its  manufacture  was  taken 
up  seriously  and  on  a  commercial  basis, 
electricity  has  far  outdistanced  all  competi- 
tors. Steam  and  gasoline  are  vying  with 
each  other  for  second  place,  and  it  is  difficult 
to  tell,  without  having  the  exact  figures, 
which  one  of  these  prime  movers  is  the 
greater  favorite  in  this  country. 

Each  one  of  these  various  methods  of  pro- 
pelling the  horseless  vehicle  has  advantages 
not  possessed  by  the  others,  and  each  also 
has  disadvantages  that  make  it  objectionable 
for  various  uses.  Disadvantages  possessed 
by  one  method  may  not  appear  in  the  other, 
imd,  in  consequence  of  this  state  of  affidrs, 
each  class  of  vehicles  has  a  field  to  which 
it  is  particularly  adapted.  Electricity  is, 
perhaps,  the  most  noiseless  of  the  three, 
the  power  is  readily  controlled,  and,  when 
the  apparatus  is  in  proper  working  order,  the 
carriage  responds  instantly  to  the  movement 
of  an  easily  operated  switch.  There  is  no 
odor,  no  danger  from  fire,  and  no  possible 
chance  of  discomfort  in  any  way  from  heat. 
This  method  has,  however,  its  limitations, 
and,  with  the  exception  of  a  few  specially 
made  vehicles,  the  battery  has  to  be  recharged 
after  a  run  of  from  25  to  30  miles,  because  of 
the  impracticability  of  using  anything  else 
but  lead  for  a  storage  cell  that  will  meet  all 
requirements  of  the  service.  The  interest 
on  the  high  price  of  the  vehicle,  as  well  as 
the  fact  that  there  is  great  waste  of  power  in 
storing  the  energy  and  in  giving  it  out 
again  to  the  motor,  and  also  the  cost  of  the 
current  as  ordinarily  supplied,  makes  the 
operation  of  the  vehicle  an  item  of  con- 
siderable expense.     The  steam  automobile 


has  a  wider  range  of  operation  than  the 
average  electric  vehicle,  but  it  requires  much 
more  fuel  and  a  larger  supply  of  water  for 
the  same  mileage  than  a  carriage  driven  by 
means  of  a  gasoline  engine.  In  fact,  many 
of  the  smaller  automobiles  that  employ  gaso- 
line engines  as  a  motive  power,  require  no 
water,  becauae  the  cylinders  are  cooled 
by  means  of  radiating  ribs  or  flanges.  A 
steam  automobile  haa  about  it  much  com- 
plicated machinery  and  many  attachments, 
which,  in  spite  of  the  many  assertions  to 
the  contrary,  require  a  great  deal  of  atten- 
tion to  keep  them  in  proper  working  order. 
A  carefully  designed  gasoline  carriage  is 
about  as  simple  as  could  well  be  imagined, 
although  thd  writer  must  admit  that  the 
general  trend  of  the  designer  has,  unfortu- 
nately, been  toward  an  excessively  and  an 
uimecessarily  complicated  mechanism. 

The  field  of  the  electric  vehicle  is  practi- 
cally confined  within  the  limits  of  a  city, 
and  even  to  a  city  in  which  there  are  no 
heavy  grades  to  dimb.  In  any  place  like 
Cincinnati  or  San  Frandsoo,  where  the  gradeB 
are  numerous  and  very  steep,  the  electric 
vehicle  is  practically  useless  for  the  reason 
that  when  it  gets  to  the  top  of  a  hill 
of  any  extent,  the  power  is  usually  ex- 
hausted. The  steam  automobile  has  a  wider 
range  of  operation,  but  owing  to  the  large 
amount  of  fuel  and  water  that  must  be  car- 
ried per  mile,  it  is  not  adapted  to  long  jour- 
neys, especiaUy  when  the  points  of  fuel 
supply  are  widely  separated.  For  the  gaso- 
line vehicle,  which  has  a  vtry  wide  range  of 
operation  on  an  ordinary  supply  of  fuel  and 
water,  this  objection  does  not  hold.  It  is 
undoubtedly  the  vehicle  for  long  journeys 
and  pleasure  tours,  particularly  through  a 
district  in  which  the  supply  of  fuel  is  apt  to 
be  uncertain. 

One  of  the  first  requisites  of  a  gasoline 
engine  for  automobile  purposes  is  simplicity. 
It  is  scarcely  necessary  to  add  that  the  most 
successful  automobile  engines  are  those  that 
have  the  fewest  parts.  The  writer  has  seen 
more  automobile  engines  of  the  gasoline 
type  relegated  to  the  scrap  heap  because  of 
complicated  mechanism  than  for  any  other 
reason.     It  is  strange,  but  true,  that  the 
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mfyority  of  ezperunenten  with  gasoline 
automobileB  have  been  anything  else  but 
gas-engine  experts.  They  seem  to  have 
started  with  the  assamption  that,  because  a 
gas  engine  is  a  very  simple  device,  automo- 
biles could  be  built  by  any  one,  and  when 
they  got  in  difficulty,  instead  of  diecarding 
that  portion  of  the  mechanism  causing  the 
trouble,  they  added  another  part,  until  the 
engine  became  as  complicated  as  a  harvest- 
ing machine. 

If  the  reader  should  be  inclined  to  experi- 
ment in  this  line,  the  writer  would  advise 
him  to  use  every  effort  toward  the  reduction 
of  the  number  of  parts  to  a  minimum.  Do 
not  hesitate  to  sacrifice  economy  of  fuel  to 
effect  a  gain  in  simplicity.  Do  not  attempt 
high  compressions.  In  a  four-cycle  engine, 
one  cam-shaft  should  be  made  to  operate  all 
valves,  igniters,  pumx)s,  etc.  that  may  be 
employed,  no  matter  how  many  cylinders 
are  on  the  engine.  The  engine  can  be 
greatly  simplified  by  using  an  inlet  valve 
operated  by  the  suctioM  of  the  piston,  and 
if  a  jump  spark  is  employed,  but  one  cam  is 
necessary.  A  good  principle  to  keep  in 
mind  when  designing  a  gas  engine  is  to 
entirely  avoid  the  use  of  a  flat  spring  for 
any  purpose.  Helical  springs,  commonly, 
but  erroneously,  called  spiral  springs,  should 
be  employed  wherever  a  spring  is  required. 
In  connecting  up  the  wires  for  an  electric 
igniter,  soldered  joints  are  much  to  be  pre- 
ferred to  clamps,  for  the  reason  that  the  best 
of  clamiM  or  binding  j^oeta  will  work  loose, 
owing  to  the  constant  jar  of  the  vehicle. 
For  the  same  reason,  it  is  advisable  to  use 
large  wire,  say  No.  14,  as  smaller  wires  are 
too  liable  to  break.  All  wire  should  be  cov- 
ered with  the  very  best  of  weather-proof 
insulation,  and  it  should  be  carefully  sup- 
ported so  that  it  will  be  free  from  hanging 
loops  and  sharp  bends. 

The  jump-spaik  method  is  finding  great 
fieivor  among  the  builders  of  gasoline  auto- 
mobiles, because  it  gives  much  better  satis- 
faction at  the  high  speeds  at  which  engines 
for  this  purpose  are  operated .  The  reason  for 
this  is  that  very  little  dependence  can  be 
placed  on  springs,  because  there  is  always  a 
time  element  present.  In  other  words,  it 
requires  a  definite  amount  of  time  for  the 
spring  to  expand  or  contract,  as  the  case 
may  be.  High  speeds  are  employed  for  the 
reason  that  the  horsepower  of  an  engine 
increases  directly  in  proportion  to  the  speed, 
and  the  weight  of  the  flywheel  requisite 
for  the  suocessfiil  operation  of  the  engine 
decreases  directly  with  the  third  power  of 


the  speed.  As  the  flywheel  often  consti- 
tutes quite  a  large  percentage  of  the  weight 
of  the  engine,  this  is  a  matter  of  no  small 
importance. 

The  two-cycle  engine  is  rapidly  growing 
in  favor  with  the  gas-engine  designer  as  it 
becomes  better  understood.  It  is  possible 
to  design  an  engine  of  this  type  with  practi- 
cally no  moving  parts  except  the  piston,  the 
connecting-rod,  and  the  crank-shaft,  and, 
when  the  engine  uses  the  jump-spark 
method  of  ignition,  no  spring  is  necessary 
beyond  that  required  to  hold  the  brush  on 
the  commutating  switch.  The  beginner  is, 
however,  strongly  advised  to  leave  this  t3rpe 
of  engine  severely  alone,  unless  he  has  had 
considerable  experience  in  this  design.  Al- 
though it  is,  without  doubt,  the  most  simple 
of  all  prime  movers  to  construct,  it  has  to 
be  very  nicely  proportioned  in  order  that  it 
may  work  succeesfidly. 

The  matter  of  cooling  the  cylinders  of  an 
automobile  engine  is  puzzling  to  a  great 
many,  especially  as,  when  a  water-jacket  is 
employed,  a  certain  quantity  of  water  must 
be  carried,  and  its  use  adds  considerably  to 
the  weight  of  the  carriage. 

In  France,  this  objection  has  been  over- 
come to  a  great  extent.  The  manner  of 
doing  this  is  to  supply  a  cooling  chamber, 
similar  to  a  steam  radiator,  as  a  part  of  the 
circulating  system  for  the  water.  The  pipes 
of  which  the  cooler  is  comprised  are  sur- 
rounded with  a  great  number  of  flat  collars 
or  disks,  which  greatly  increase  tHe  radiating 
surface.  When  the  vehicle  is  in  motion,  a 
current  of  air  is  constantly  passing  over  the 
exterior  sur£EU»  of  the  cooler.  If  the  radia- 
ting surface  is  sufficiently  large,  no  water  is 
evaporated  and  there  is,  consequently,  no 
necessity  for  renewing  the  supply  at  any 
time.  The  use  of  water  that  is  dirty  or  that 
contains  a  large  quantity  of  lime  may  be 
avoided  when  this  device  is  employed. 
While  many  assertions  to  the  contrary  are 
made  by  uninformed  persons,  it  is  never- 
theless true  that  a  great  deal  of  trouble  has 
been  caused  by  the  deposit  of  lime  or  sedi- 
ment within  the  water-jacket.  It  is  there- 
fore advisable,  whenever  possible,  to  use 
rain  water  for  cooling  the  engine.  As  rain 
water  may  contain  materials  held  in  sus- 
pension that  will  deposit  in  the  jacket,  it  is 
not  a  bad  idea  to  use  water  that  has  been 
thoroughly  settled  by  standing  for  several 
days  in  a  barrel  or  other  receptacle. 

Handling  gasoline  for  an  automobile  engine 
has  probably  been  as  much  of  a  stumbling 
block  as  anything  else.    Improperly  designed 
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devioea  of  this  kind  will  give  an  irr^golarity 
of  supply  that  is  very  detrimental  to  the 
operation  of  the  engine.  Thej  wiU,  at  one 
moment,  flood  the  cylinder  with  gasoline 
and  at  the  next  moment  supply  none 
at  all.  This  caoses  the  engine  to  work  by 
fits  and  starts,  and,  besideB  decreasing  its 
power,  often  causes  it  to  stop  in  a  seemingly 
unaccountable  manner,  much  to  the  annoy- 
ance of  the  operator.  Another  frequent 
cause  of  trouble,  and  one  that  is  also  due 
to  faulty  design,  is  premature  ignition,  popu- 
larly termed  "back  firing."  Premature 
ignition  is  due  to  Tarious  causes,  but  is 
idmost  invariably  produced  by  improperly 
placing  some  part  of  the  mechanism  that 
projects  into  tiie  compression  space,  or  by 
permitting  a  projection  on  the  end  of  the 
piston.  Quite  often  it  is  due  to  the  igniter 
points  being  placed  where  they  will  become 
very  hot,  and  thus  act  in  the  same  manner 
as  the  ignition  tube,  but  firing  the  charge 
before  the  proper  point  in  the  stroke.  The 
writer  knows  of  cases  in  which  the  engine, 
after  having  been  run  a  short  time  and  the 
igniter  turned  off,  would  continue  to  run 
because  the  charge  was  ignited  by  some 
incandescent  projection  within  the  cylinder. 
If  the  projection  itself  does  not  become 
incandescent,  it  is  quite  likely  that  it  will 
collect  a  deposit  of  carbon,  either  from  the 
fhel  itself  or  from  the  cylinder  oil.  This 
deposit  takes  the  form  of  a  cone  or  thin 
flake,  which  becomes  very  hot  and  acts  in 
the  same  manner  as  an  overheated  projec- 
tion. Always  place  the  igniter  point  in  the 
path  of  the  incoming  charge,  and  as  dose  to 
the  point  where  it  enters  as  is  possible.  It 
is  also  a  good  idea  to  place  the  igniter  so 
that  the  jacket  water  will  come  as  dose  to  it 
as  possible,  in  order  that  it  may  be  kept 
cool  by  this  means. 

An  annoying  feature  of  a  gasoline  engine 
is  the  vibration  that  it  is  liable  to  transmit 
to  the  carriage,  particularly  when  the  engine 
is  running  and  the  carriage  is  standing  still. 
Even  an  engine  that  is  very  well  bahmced 
will  vibrate  from  the  shock  of  the  explosion, 
and  no  amount  of  mechanical  balandng  will 
absolutely  overcome  the  trouble.  This  effect 
may  be  avoided  by  placing  the  cylinder  so 
that  the  axis  is  vertical,  thus  making  the 
direction  of  the  shock  downward  and  in  a 
direction  in  which  it  is  better  resisted  by 
the  framework  of  the  carriage.  The  shock 
has  also  been  overcome  in  a  horizontal 
engine  in  the  following  ingenious  manner: 
Two  cylinders  are  employed,  the  axes  of 
which  are  directly  in  Une,  the  open  ends  of 


the  cylinders  pointing  directly  toward  each 
other;  the  crankpins  are  set  opposite,  or  at 
an  angle  of  180^;  the  pistons  are  then 
approaching  and  receding  from  each  other 
at  each  alternate  stroke.  The  cyde  is  so 
arranged  that  the  explosions  occur  in  each 
cylinder  at  the  same  time,  so  that  the  force 
of  each  explosion  is  in  a  direction  opposite 
to  that  in  the  other  cylinder,  and  the  shock 
to  the  frame  is  annulled  by  the  explosions 
counterbalancing  each  other.  This  arrange- 
ment has  the  added  advantage  that  tibe 
mechanism  of  the  engine  is  in  perfect 
mechanical  balance.  The  results  of  this 
design  in  practice  are  apparently  all  that 
can  be  desired.  It  is  also  possible  to  so  con- 
nect the  combustion  chambers  of  each 
cylinder  that  both  may  be  controlled  by  one 
set  of  valves  and  one  igniter. 

The  automobile  gas  engine  has  brought 
into  general  use  an  entirdy  new  method  of 
speed  control  that  is  very  simple  and  at 
the  same  time  exceedingly  effective.  It  is 
known  as  ''  varying  the  lead  of  the  spark." 
It  is  quite  generally  known  that  in  order  to 
get  the  best  effect  fix>m  the  gas  engine,  the 
explosive  mixture  must  be  ignited  shortly 
before  the  piston  reaches  the  end  of  the 
compression  stroke.  The  ignition  is  then 
said  to  have  lead,  and  in  order  to  Hiatingniah 
it  from  late  ignition,  it  is  quite  often  said  to 
have  positive  lead.  Late  ignition  is  generally 
spoken  of  as  ignition  having  negative  lead. 
If  an  engine  is  so  arranged  that  the  lead  of 
the  spark  may  be  changed  from  early  to 
late,  or  vice  versa,  the  speed  may  be  con- 
trolled without  altering  the  proportions  of 
the  charge  or  the  amount  of  the  mixture 
that  enters  the  cylinder.  The  earlier  the 
ignition,  the  greater  will  be  the  mean  effsct- 
ive  pressure  in  the  cylinder,  and  this  pres- 
sure wOl  be  decreased  as  the  ignition  is  made 
later.  If  the  ignition  takes  place  about  half 
way  on  the  expansion  stroke,  the  engine 
will  have  scarody  more  power  than  will 
overcome  the  friction  of  the  mechanism,  so 
that  the  speed  may  be  varied  within  wide 
limits  by  this  means.  While  this  method 
is  one  that  is  not,  in  general,  oondudve  to 
economy,  it  has  been  found  an  exceedingly, 
convenient  one  in  automobUe  practice. 

In  the  early  days  of  the  gasoline  autcsno- 
bile,  it  was  thought  necessary  to  run  the 
engine  at  a  constant  speed  and  to  supply  a 
complicated  speed-changing  gear.  It  has 
been  pointed  out  by  an  expert  in  this  line 
that  a  greater  part  of  the  power  devdoped 
by  the  engine  was  wasted  by  the  transmis- 
sion gear.    It  is  now  customary  to  make  a 
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speed-changing'  gear  with  but  two  changee, 
one  for  ordinary  traveling  and  the  other  for 
climbing  steep  grades,  while  the  speed  of 
the  carriage  itself  is  controlled  by  varying 
the  apeed  of  the  engine.  The  variable- 
ignition  method  is  quite  frequently  supple- 
mented by  a  device  for  throttling  the  charge. 
The  old-fluhioned  hit-and-miss  method  is 
very  seldom  used.  The  method  of  con- 
trolling the  spark  is  very  simple  when  used 
with  the  jump-spark  method  of  ignition, 
and  consists  of  rotating  the  brush  of  the 
commutating  switch  around  the  shaft. 

Much  trouble  has  been  experienced  with 
Ignition  apparatus,  especially  with  tiie  bat- 
tery,  because  of  the  great  amount  of  churn- 
ing action,  due  to  the  vibration  of  the 
vehicle.  Much  attention  has  been  paid  to 
this  matter  by  designers  of  apparatus  for 
famishing  current  for  the  igniter,  and, 
among  other  ways  of  overcoming  the  diffi- 
eolty,  there  have  been  devised  battery  cells 
in  which  the  electrolyte  (tiie  liquid)  is  held 
in  a  pasty  mass  or  by  some  porous  substance. 
In  a  certain  form  of  causticHBoda  cell,  the  use 
of  oil  has  been  avoided  by  a  tightly  sealed 
cover.  One  maker  of  automobiles  has 
deemed  it  necessary  to  do  away  entirely 
with  the  use  of  the  primary  cell  and  to 
employ  a  storage  battery.  A  great  many 
have  employed  small  dynamos  of  various 
kinds,  but,  in  almost  every  case,  it  has  been 
found  necessary  to  employ  a  battery  for 
famishing  the  current  until  the  engine  was 
started  and  the  dynamo  ran  at  a  speed  suf- 
ficiently high  to  give  the  requisite  pressure. 
The  writer  recently  learned  of  a  dynamo  so 
designed  that  it  will  give  sufficient  pressure  at 
a  very  low  speed,  and  stand  an  increase  of 
this  speed  of  about  400  per  cent.,  so  that  the 
use  of  a  battery  for  starting  is  unnecessary. 

Perhaps  the  greatest  inconvenience  at- 
tached to  the  operation  of  a  gasoline  vehicle 
is  the  feu^t  that  the  majority  of  them  must  be 
started  by  first  turning  the  engine  over  with 
a  crank  until  it  has  taken  up  its  cyde.  This 
objection  has  been  overcome  to  a  certain 
extent  in  tiie  motor  cycle  by  so  arranging 
the  mechanism  that  the  engine  may  be 
driven  by  foot-power  untU  the  gas  engine 
has  been  started.  In  vehicles  of  the  car- 
riage type,  several  methods  of  starting  the 
engine  from  the  carriage  seat  have  been 
devised.  In  one,  a  lever  is  employed,  opera- 
ting a  ratchet  on  the  crank-shaft,  and,  by 
pumping  the  lever  back  and  forth,  the 
engine  may  be  started  while  the  operator  is 
in  the  carriage.  In  one  method,  probably 
not  now  in  use,  the  engine  is  started  by  means 


of  the  sparking  dynamo,  which  becomes  for 
the  moment  a  motor  and  is  driven  by  a 
small  storage  battery  supplied  for  the  pur- 
X>ose.  Another  method  is  one  in  which  the 
motor  is  started  by  a  small  tank  of  com- 
pressed air,  the  supply  of  air  being  replen- 
ished by  a  pump  while  the  engine  is  in 
operation.  In  a  carriage,  lately  brought  out 
in  France,  the  advantages  of  both  the  electric 
and  the  gasoline  carriage  are  combined  by 
the  employment  of  a  storage  battery  and  a 
motor  in  addition  to  the  gasoline  engine. 
The  motor  starts  tiie  carriage  and  keeps  it 
going  until  the  engine  is  under  way,  when 
current  is  cut  off  from  the  motor  and  the 
engine  drives  the  carriage.  The  motor  is 
then  used  as  a  dynamo  to  replenish  the 
battery.  In  case  a  steep  grade  is  encountered, 
the  motor  will  assist  the  engine.  Although 
this  c<nnbination  may  appear  unnecessarily 
complicated,  it  has  advantages  that  can 
scarcely  be  obtained  in  any  other  way. 

In  a  patent  recently  granted  for  an  auto- 
mobile engine,  an  excess  of  power  over  that 
which  could  be  obtained  under  normal  con- 
ditions is  derived  from  tiie  engine  in  the 
following  manner:  A  supply  of  compressed 
air  is  kept  in  a  tank  provided  for  that  pur- 
pose and  employed  when  required  for  start- 
ing the  engine.  When  an  excessive  power  is 
desired,  as,  for  instance,  when  climbing  a 
heavy  grade,  the  charge  is  composed  of 
compressed  air  and  gasoline,  thus  more 
completely  filling  the  cylinder  and  at  the 
same  time  increasing  the  pressure  after  com- 
pression. It  is  claimed  that  at  least  25  per 
cent,  more  power  may  be  obtained  from  the 
engine  by  tiie  use  of  this  device.  Not  long 
ago  the  writer  saw  a  two-cycle  engine  opera- 
ting with  gas  derived  from  crude  oil,  in 
which  case  no  air  was  apparently  admitted 
to  the  engine,  and,  to  all  outside  appearances, 
the  engine  was  operating  with  gas  alone. 
Further  investigation  proved  that  the  gas 
supplied  to  the  engine  contained  a  large 
percentage  of  air,  the  balance  being  a  vapor 
or  gas  derived  from  the  oil.  In  this  case, 
the  gas,  or  carbureted  air,  was  supplied  to 
the  engine  lat  a  pressure  of  15  pounds  to  the 
square  inch,  and  the  crank-chamber  of 
the  engine  was  not  used  for  compressing  the 
mixture.  According  to  the  inventors,  the 
mixture  contained  96  per  cent  of  pure  air. 
A  company  has  lately  been  formed  for  the 
purpose  of  operating  gasoline-driven  railway 
cars  by  the  use  of  this  gas.  The  writer  must 
admit  that  he  never  saw  a  gas  engine  run- 
ning with  greater  smoothness  than  the  one 
operated  in  this  manner. 
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Wastefulness  op  the  Steam  Engine  as  a  Heat  Motor — Work  Required  to  Return 
Exhaust  Steam  to  Boiler— Contrary  to  Second  Law  of  Thermodynamics 


AN  OLD  engineer  and  subBcriber  to  this 
magazine  writes  and  compares  the 
steam  engine  of  today  and  its  perform- 
ance with  the  engines  bnilt  when  he  was  an 
apprentice  in  Cornwall,  more  than  60  yean 
ago.  He  calls  attention  to  the  fact  that 
there  has  been  practically  no  advance  daring 
this  long  period  in  the  vital  principles  of 
this  great  agent  of  modem  civilization. 
Improvements  in  details  of  construction  and 
the  use  of  greater  steam  pressures  have 
developed  higher  economies  in  steam  con- 
sumption and  fitted  the  steam  engine  for  a 
wider  range  of  usefulness  than  was  then 
dreamed  of,  but  theoretically  it  is  still  as 
far  from  being  an  ideal  heat  motor  as  it  was 
when  Watt  turned  it  over  to  the  world. 
Watt's  steam  engine  has  made  it  possible 
to  achieve  results  in  the  construction  of 
machines  of  all  kinds,  including  its  own 
mechanism,  which  would  otherwise  have 
been  impossible,  but  it  still  throws  away 
much  the  greater  part  of  the  heat  energy 
supplied  to  it  No  method  has  ever  been 
devised  for  making  the  heat  that  must  be 
expended  in  changing  water  from  a  liquid  to 
a  vapor,  under  the  pressure  at  which  the 
steam  must  be  diapharged  from  the  engine, 
do  work,  and  unless  the  steam  can  be  used 
for  heating  purposes,  all  this  heat  is  lost. 

These  facts  lead  our  correspondent  to  a 
speculation  regarding  the  apparent  fieulure  of 
engineers  to  make  any  real  advance  in  the 
principles  applied  by  Watt — principles  that 
involve  the  loss  in  the  exhaust  from  the 
engine  of  from  80  to  05  per  cent,  of  the  heat 
in  the  steam  it  usee.  He  then  inquires  why 
it  is  not  possible  to  return  the  exhaust  to  the 
boiler  where  the  latent  heat  of  the  steam, 
instead  of  being  wasted,  as  is  now  the  case, 
wiU  be  utilized.  Since  this  is  a  question 
that  naturally  suggests  itself  to  a  thoughtful 
man  who  has  not  given  the  subject  an 
exhaustive  study,  it  is  thought  that  an 
attempt  to  show  that  such  an  operation  is 
not  only  practically  but  theoretically  impos- 
sible, will  interest  many  of  our  readers. 

Let  us  first  consider  what  takes  place 
when  heat  is  made  to  do  work  in  a  steam 
engine.  At  the  beginning,  we  have  water 
in  the  boiler  in  the  form  of  a  liquid  with- 
out expansive  force.  On  applying  heat,  at 
first  the   principal  effect   observed  is  an 


increase  in  temperature,  a  slight  change  in 
volume  being  perceptible.  A  point  is  finally 
reached,  however,  where  the  effect  of  the 
heat  is  entirely  different.  If  the  water  is 
in  an  open  vessel,  exposed  to  the  pressure 
of  the  atmosphere,  the  temperature  rises  to 
212^,  after  which  the  effect  of  applying  more 
heat  is  to  change  the  water  to  a  vapor,  a 
substance  having  properties  so  entirely  dif- 
ferent from  those  of  the  water  as  to  make  it 
nearly  impossible  to  recognize  the  one  in  the 
other.  The  boiler  being  open  to  the  air, 
the  water  is  subjected  to  the  pressure  of  the 
atmosphere,  14.7  pounds  per  square  inch, 
and  the  vapor  has  an  expansive  force  that 
enables  it  to  leave  the  water  against  this 
pressure,  while  its  temperature  is  the  same 
as  that  of  the  water  from  which  it  was 
formed.  To  change  1  pound  of  water  from 
a  liquid  at  212^  into  this  expansive  vapor 
having  the  same  temperature,  absorbs  as 
much  heat  as  would  be  required  to  change 
the  temperature  of  966  pounds  of  water  1**. 

One  of  the  most  important  effects  of  the 
change  has  been  to  give  the  pound  of  water 
a  volume  more  than  1,600  times  as  great  as 
it  had  before  the  heat  was  applied.  If, 
instead  of  heating  the  water  in  the  open  air, 
it  is  heated  in  the  dosed  space  of  a  steam 
boiler,  the  results  are  somewhat  different. 
The  vapor  produced,  instead  of  passing  off 
against  the  constant  pressure  of  the  atmos- 
phere, is  confined  by  the  boiler  walls  into  a 
limited  space.  As  the  temperature  rises, 
more  vai)or  is  crowded  into  this  space,  and 
it  is  found  that  a  greater  pressure  than  that 
of  the  outside  air  is  required  to  confine  it 
The  application  of  more  heat  to  the  water 
now  has  the  effect  of  raising  its  temperature, 
and,  with  each  increase  in  temperature,  a 
little  more  vapor  is  forced  into  the  Eteam 
space,  and  a  higher  pressure  is  exerted — ^the 
force  required  to  confine  the  vapor  and  pre- 
vent it  f^om  Expanding  and  filling  a  greater 
space  is  increased. 

Now,  let  us  make  this  force  do  work  by 
applying  it  to  the  piston  of  a  steam  engine. 
Let  the  piston  in  the  figure  be  at  the 
head  end  of  its  stroke,  as  shown  by  the 
dotted  position  A,  while  the  pipe  8  con- 
nects with  the  steam  space  of  our  boiler. 
The  vapor  exerts  a  pressure  on  the  piston 
that  we  will  represent  by  the  line  ao;  this 
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pressure  is  sufficient  to  overcome  the  resist- 
ance to  the  motion  of  the  piston  and  push  it 
toward  the  other  end  of  the  cylinder.  As  it 
moves  to  the  right,  the  expansive  force 
causes  the  vapor  to  flow  in  from  the  boiler 
through  the  steam  pipe  and  valve,  keeps  the 
inereasing  space  at  the  left  of  the  piston 
fall,  and  exerts  a  nearly  constant  pressure 
on  the  piston.  This  pressure  is  represented 
by  the  distance  between  the  line  of  no  pres- 
Bore  ah  and  the  line  op,  which  represents 
the  pressure  in  the  boiler. 

Daring  this  operation^  work  has  been 
done;  the  expansive  force  developed  by  the 
heat  that  w$m  imparted  to  the  water  in  the 
boiler  has  acted  on  the  moving  piston,  and, 
in  accordance  with  the  definition  of  work, 
the  quantity  of 
work  done  is 
equal  to  the  prod- 
uct of  the  force 
moltiplied  by  the 
distance  through 
which  it  has  acted 
on  the  moving 
piston. 

In  order  to 
maintain  the  con- 
stant pressure  re- 
presented by  the 
distance  ao,  suf- 
ficient heat  has 
been  applied  to 
the  water  in  the 
boiler  to  generate 
as  much  steam  as 
has  flowed  from 
the  boiler  to  the 
cylinder.  The 
steatp  that  has 
left  the  boiler  has 
been  replaced  by 
new  steam  devel- 
oped by  the  action  of  the  heat.  The  work 
done  on  the  piston  during  its  motion  from  the 
position  A  to  the  position  C  has  required  the 
expenditure  of  as  much  heat  as  was  needed 
to  develop  the  steam  in  the  cylinder.  This 
steam^  however,  still  has  a  high  degree  of 
expansive  force  that  can  be  utilized  and 
made  to  do  more  work.  By  closing  the 
port  .6  by  means  of  the  valve  K,  the  admis- 
sion of  more  steam  to  the  cylinder  is  pre- 
vented. The  steam  already  in  the  cylinder 
now  acts  on  the  piston  and  forces  it  to  the 
right,  but,  since  no  more  steam  is  admitted, 
that  already  in  the  cylinder  must  fill  an 
increasing  space;  in  other  words,  it  expands. 
As  its  volume  increases,  its  pressure  gradu- 


ally falls,  as  is  indicated  by  the  curved 
line  ps  whose  distance  above  ah  decreases 
from  the  point  p  toward  the  point  s.  Daring 
all  this  expansion  period,  the  steam  has 
exerted  a  pressure  on  the  moving  piston, 
and,  in  consequence,  it  has  done  work.  The 
quantity  of  work  so  done  is  equal  to  the 
mean,  or  average^  pressure  multiplied  by 
the  distance  through  which  it  has  acted. 
When  the  piston  reaches  the  end  of  its 
stroke,  we  have  a  cylinder  full  of  steam  at 
a  pressure  represented  by  hs.  This  steam 
contains  the  same  quantity  of  heat  that 
would  have  been  required  to  change  an 
equal  weight  of  water  to  steam  at  the  same 
pressure  in  a  steam  boiler,  and,  by  exhaust- 
ing it  into  the  atmosphere  or  into  a  con- 
denser, this  heat 
is  lost. 

Now,  let  us 
makealittlestudy 
of  the  results  that 
would  follow  an 
attempt  to  return 
this  cylinder  full 
of  steam  to  the 
boiler.  The  first 
plan  that  suggests 
itself  for  doing 
this  is  to  use  a 
pump  that  will 
take  the  steam  as 
it  leaves  the  cylin- 
der and  force  it 
back  into  the 
boiler.  In  order 
that  all  the  steam 
used  by  our  en- 
gine may  be  re- 
turned  to  the 
boiler,  it  is  evident 
that  the  capacity 
of  such  a  pump 
must  be  great  enough  to  return  the  cylinder 
full  of  steam  at  each  stroke  of  the  engine. 
For  the  sake  of  simplicity,  let  us  assume 
that,  at  the  end  of  the  stroke,  the  steam 
cylinder  becomes  a  pump  with  a  check-valve 
opening  into  a  pipe  that  leads  to  the  boiler. 
Instead  of  exhausting  the  steam  into  the 
atmosphere  or  into  a  condenser,  this  pump 
forces  it  back  into  the  boiler. 

As  the  piston  moves  from  its  position  at 
the  right-hand  end  of  the  cylinder,  we  find 
that  the  pressure  of  the  steam  in  the  space 
at  the  left  increases  until  it  is  the  same  as  in 
the  boiler;  the  check-valve  then  opens  and 
allows  the  steam  from  the  cylinder  to  be 
forced  into  the  boiler.    If  there  had  been  no 
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lofls  of  heat  through  the  cylinder  walls,  it 
would  have  been  found  that,  for  each  posi- 
tion of  the  piston  in  its  motion  toward  the 
left,  the  pressure  was  exactly  the  same  as  it 
was  when  the  piston  was  at  the  same  point 
during  its  motion  to  the  right  In  this 
process  of  forcing  the  cylinder  full  of  steam 
back  into  the  boiler,  therefore,  the  piston 
has  had  to  move  against  the  resistance  of  a 
force  just  as  great  as  was  exerted  on  it  by 
the  steam  while  it  entered  the  cylinder. 
We  thus  see  that  this  attempt  to  get  the 
steam  back  into  the  boiler  will  absorb  just 
as  much  power  as  the  steam  developed  when 
it  left  the  boiler.  This  is  the  theoretical 
result.  In  practice,  more  power  would  be 
required,  since  the  case  we  have  considered 
neglects  the  force  required  to  overcome  the 
frictional  resistances  to  the  motion  of  the 
piston  and  the  flow  of  the  steam  through 
valves  and  pipes. 

It  may  be  argued  that  we  have  considered 
only  one  of  numerous  possible  methods  by 
means  of  which  the  return  of  the  steam 
might  have  been  accomplished.  A  little 
thought,  however,  will  show  that  we  con- 
sidered the  simplest  possible  method.  Any 
attempt  to  do  the  work  in  a  more  round- 
about way  would  have  resulted  only  in  an 
increase  in  the  frictional  losses  and  a  con- 
sequent increase  in  the  difference  between 


the  work  done  by  the  steam  and  that 
required  to  get  it  back  into  the  boiler. 

It  is  useful,  in  connection  with  the  illustra- 
tion we  have  just  outlined,  to  consider  one 
of  the  principles  governing  the  utilization  of 
heat  for  doing  work-— «  principle  that  can  be 
proved  only  by  the  use  of  difficult  mathe- 
matical processes  in  combination  with  elabo- 
rate experiments.  One  of  the  most  important 
of  these  principles  is  that  known  as  the 
Second  Law  of  Thermodynamics,  which  may 
be  stated  thus:  Heat  cannot  pass  from  a  cold 
body  to  a  hot  body  by  a  self-acting  process 
unaided  by  external  energy. 

In  the  case  of  the  exhaust  from  an  engine, 
we  have  a  large  quantity  of  heat  in  a  body 
(the  exhaust  steam)  whose  temperature  is 
lower  than  that  of  another  body  (the  steam 
in  the  boiler).  In  accordance  with  the  law, 
any  transfer  of  the  heat  from  the  relatively 
cool  exhaust  to  the  hot  water  in  the  boiler 
will  require  the  expenditure  of  energy.  By 
permitting  the  exhaust  to  give  up  a  large 
part  of  its  heat  to  colder  bodies,  it  is  possible 
to  utilize  a  part  of  it  in  returning  a  small 
fraction  of  the  remainder  to  the  boUer.  No 
method  can  ever  be  devised,  however,  that 
will  make  it  possible,  without  the  expendi- 
ture of  more  energy  than  the  steam  from  the 
boiler  can  be  made  to  develop,  to  return  all 
the  heat  in  the  exhaust  to  the  boiler. 


REPORT  OF  UNITED  STATES  NATIONAL 

MUSEUM 


WE  HAVE  received  the  report,  just  pub- 
lished, of  the  United  States  National 
Museum  for  the  year  ending  June  30, 
1897.  It  is  a  volume  of  more  than  1,000 
pages,  besides  80  full- page  plates  illustrating 
recent  Foraminifera.  The  report  consists  of 
two  parts,  the  first  of  which  relates  to,  the 
annual  work  of  the  museum — ^its  staff,  the 
accessions  to  its  collections,  its  exchanges  of 
specimens,  the  materials  lent  for  study  or 
given  away,  specimens  received  for  identi- 
fication and  report,  together  with  a  minute 
report  of  the  work  done  in  the  scientific 
and  administrative  departments,  and  some 
important  appendixes.  The  second  part 
contains  seven  papers  of  very  great  interest. 


The  longest  of  these  is  a  paper  of  about 
300  pages  on  "Pipes  and  Smoking  Customs 
of  the  American  Aborigines,  Based  on  Mate- 
rial in  the  United  States  National  Museum." 
It  is  a  pity  that  the  American  people  do 
not  more  generally  know  of  the  extremely 
important  and  valuable  work  done  by  this 
branch  of  the  Smithsonian  Institution.  It 
is  true  that  thousands  of  people  in  every 
department  of  activity  in  our  country  are 
annually  the  recipients  of  benefits  from 
the  National  Museum,  but  there  are  many 
other  thousands  needing  precisely  the  help 
— the  information — they  could  get  here, 
who  do  not  even  know  that  such  an  insti- 
tution exists. 
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Apparatus  Rkquirbd — Location  op  CROss-CoNNBCTrfiD  Coils— Location  op  Short- Circdited 
Coils— Location  op  Open-Circuited  Coils 


LOCATING  faalts  in  an  armature  may 
sometimes  be  done  by  an  ordinary 
inspection  without  instruments.  Many 
times,  however,  an  armature  may  look  all 
right,  but  develops  serious  trouble  when  put 
in  the  machine  and  run.  A  simple  and 
efficient  test  for  locating  most  of  the  ills  to 
which  an  armature  is  heir,  has  been  in  use 
in  several  repair  shops,  and  found  to  be  of 
great  value  in  the  work. 

The  test  referred  to  is  known  as  the 
"drop  of  potential"  method.  An  electric 
current  is  passed 
through  the  coils  of 
an  armature  by  clamp- 
ing the  current  ter- 
minals to  the  commu- 
tator. The  current 
can  be  obtained  from 
the  line  by  passing  it 
through  some  adjust- 
able resistance  like  a 
lamp  bank  or  a  rheo- 
stat, or  a  storage  bat- 
tery can  be  used  to 
famish  the  current, 
if  one  is  convenient. 
If  a  current  of  2  am- 
peres is  passed  through 
a  coU  in  an  armature 
having  a  resistance  of 
.5  ohm,  there  will  be 
a  drop  of  potential  of 
2  X  .5  =  1  volt  be- 
tween the  two  com- 
mutator bars  connect- 
ed to  the  ends  of  the 
coil.  Let  us  suppose 
that  the  next  coil 
in  the  armature  is  partly  short-circuited. 
Then,  as  the  same  current  of  2  amperes 
flows  through  the  coil,  and  as  the  resistance 
of  the  coil  is  reduced  by  the  short  circuit 
from  .5  ohm  to,  say,  .1  ohm,  the  drop  of 
potential  at  the  ends  of  the  coil  on  the  com- 
mutator bars  will  be  2  X  .1  =  .2  volt.  If  the 
end  of  a  coil,  soldered  or  screwed  to  a  com- 
mutator bar,  makes  poor  contact,  so  as  to 
increase  the  resistance  of  the  circuit  from 
conmiutator  bar  to  commutator  bar  (through 
the  coil),  with  2  amperes  flowing  through 


the  coil  and  the  resistance  raised  from  .5 
ohm  to  .8  ohm,  the  voltage  at  the  commu- 
tetor  bars  will  be  2  X  .8  =  1.6  volts. 

A  galvanometer  or  a  Weston  millivolt- 
meter,  with  a  scale  reading  on  each  side  of 
the  zero  mark,  can  be  used  to  measure  the 
voltage  between  bar  and  bar  of  the  commu- 
tator. If  a  galvanometer  is  used,  a  needle- 
dampening  device  must  be  used  to  keep  the 
needle  from  suddenly  falling  back  toward 
zero  when  the  galvanometer  terminals  are 
shifted  from  bar  to  bar  of  the  conmiutator, 
which,  for  a  small 
fraction  of  time,  opens 
the  galvanometer  cir- 
cuit at  each  change  of 
position. 

Fig.  1  shows  a  gal- 
vanometer provided 
with  a  damper.  A  is 
a  strip  of  metal  con- 
necting the  magnetic 
needle  and  the  alu- 
minum vane  V,  the 
vane  turning  with  the 
movement  of  the  mag- 
netic needle;  C  is  the 
magnetizing  coil.  The 
magnetic  needle  must 
not  be  made  short  and 
thick,  as  poles  are  apt 
to  be  set  up  in  it  some 
distance  from  the  ex- 
treme ends  of  the  bar, 
if  the  current  in  the 
galvanometer  keeps 
the  same  direction 
and  strength  for  sev- 
eral minutes.  The 
magnetic-bar  needle  should  be  long  and 
thin.  The  vane  V  moves  in  a  pan  P,  partly 
flUed  with  a  very  light  machine  oil.  The 
action  of  the  vane  and  oil  is  to  prevent 
sudden  movements  of  the  galvanometer 
needle,  caused  by  opening  and  breaking  the 
galvanometer  circuit.  The  damper  does  not 
prevent  the  needle  from  taking  up  its  proper 
position  on  the  scale,  due  to  the  voltage 
being  measured,  if  a  short  time  is  given  for 
the  needle  to  make  the  change  of  position 
caused   by .  variations    of    voltage   at   the 
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terminals  of  the  coils  measured .  A  bar  m  ag- 
net  M,  Fig.  1,  can  be  used  to  give  direction 
to  the  galvanometer  needle,  so  that  the  posi- 
tion of  the  instmment  can  be  made  inde- 
pendent of  the  magnetism  of  the  earth. 

The  connections  for  the  test  are  shown  in 
Fig.  2.  EiB  the  line  from  which  the  current 
for  the  armature  is  obtained.  L.  B,  is  a  lamp 
bank.  The  lamps  are  mounted  on  key 
sockets,  so  that  the  resistance  of  the  bank 
may  be  adjusted  by  turning  lamps  in  or  out 
of  circuit.  The  lamps  in  a  bank  for  110  volts 
are  all  in  multiple.  For  a  220- volt  bank  the 
lamps  are  in  sets  of  two  in  series  across  the 


bank.  For  a  500volt  bank,  groups  in  multi- 
ple of  five  lamps  each  in  series  are  used.  The 
commutator  bars  are  shown  numbered  from 
1  to  21.  The  coils  of  the  armature  are  rep- 
resented just  above  the  commutator  bars, 
and  connected  to  them  by  the  armature 
leads.  G  is  the  galvanometer  or  millivolt- 
meter,  connected  to  the  crab  C;  A  and  B  are 
the  connectors  to  the  commutators  for  the 
current  from  the  lamp  bank;  C  C.  is  a  cross- 
connection  of  the  armature  leads  of  coil  K\ 
S.  S.  is  a  short  circuit  of  the  coil  N  connected 
between  commutator  bars  6  and  7.  0.  C.  is 
an  open  circuit  in  one  lead  of  the  coil  T,  con- 


nected to  commutator  bars  15  and  16,  The 
two  spring  legs  of  crab  C  bear  on  adjacent 
bars  of  the  commutator,  and  Scsrve  to  convey 
current  to  the  galvanometer  Q, 

Fig.  3  represents  a  simple  form  of  strap 
clamp  for  the  current  terminals.  A  narrow 
band  of  webbing  passes  through  a  hole  in 
each  terminal  and  through  a  length-adjust- 
ment buckle.  Another  device  for  the  same 
purpose  is  made  by  mounting  the  terminals 
on  an  adjustable  clamp  and  hanging  the 
clamp  on  the  commutator. 

The  operation  of  the  test  is  as  follows: 
Apply  the  terminals  to  the  commutator  and 
adjust  the  resistance  of  the  lamp  bank  until 
the  galvanometer  needle  has  a  throw  of 
proper  amplitude,  say  from  30°  to  80®,  when 
the  crab  is  on  what  are  supposed  to  be  good 
bars.  If  the  armature  is  a  high-resistance 
one,  the  necessary  current  from  the  lamp 
bank  will  be  small.  If  the  armature  resist- 
ance is  small,  a  large  current  will  be  neces- 
sary. The  operator  must  determine  what 
the  value  of  the  standard  deflection  is  for 
the  armature  being  measured.  He  runs  over 
several  bars  and  gets,  perhaps,  a  deflection 
of  45®.  He  calls  this  his  standard,  and  com- 
pares the  deflection  from  the  other  bars  with 
it.  In  case  he  should  start  in  on  the  dam- 
aged part  of  the  armature,  he  would  find, 
when  he  came  to  the  good  coils,  a  diflerence 
in  deflection.  It  is  usually  easy,  however, 
to  determine  what  the  standard  deflection 
for  the  armature  should  be.  If  the  start  is 
made  near  the  terminal  A^  and  a  deflection 
of  45®  is  obtained,  then  the  deflection  from 
bar  1  to  bar  €  and  from  bar  £  to  bar^  will  be 
45®.  From  bar  .9  to  bar  4  a  high  deflection, 
say  of  65®,  will  be  found;  from  bar  4  to 
bar  S  a  reversal  of  direction  of  throw  of 
the  galvanometer  needle  to  —45®  will  take 
place,  and  from  bar  6  to  bar  6  will  be  found 
a  deflection  of  -f65®,  the  same  as  found 
between  bar  S  and  bar  4- 

From  Fig.  2  it  is  seen  that  when  the  crab 
is  on  bar  S  and  bar  4t  the  galvanometer 
measures  the  voltage  of  coils  S  and  K  in 
series,  which,  since  the  current  on  that  side 
of  the  armature  is  constant,  gives  a  deflec- 
tion due  to  the  voltage  caused  by  the  current 
times  twice  the  resistance  of  one  coil.  On 
the  galvanometer  this  might  be  represented 
by  65°.  If  the  millivoltmeter  is  used,  the 
reading  will  be  twice  the  number  of  volts  for 
one  coil.  The  direction  of  the  throw  of  the 
galvanometer  needle  will  be  reversed  when 
the  crab  is  on  bars  4-S,  due  to  the  leads  of 
coils  S,  Ky  and  TFbeing  crossed.  Between  bar 
5  and  bar  6  a  similar  effect  to  that  between 
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bar  3  and  bar  4  will  be  noted.  This  is  for  the 
same  canse,  aa  the  voltage  of  K  and  W  in 
series  will  now  be  measured.  When  the  crab 
is  moved  to  bars  6  and  7,  connecting  with  the 


FlQ.  S 

short-circuited  coil  jY,  the  galvanometer  will 
show  but  a  slight,  if  any,  reading,  since  the 
drop  of  potential  between  bars  6  and  7  is 
very  small,  due  to  the  low-resistance  path 
for  the  armature  current,  firom  bar  to  bar, 
through  the  point  of  short  circuit.  At  7-8, 
8-9,  ^10,  and  10-11  the  standard  reading  of 
the  galvanometer  will  be  found.  When  the 
ciab  gets  below  the  current  terminal  B,  no 
reading  of  the  galvanometer  takes  place,  as 
current  does  not  flow  around  that  side  of 
the  armature,  due  to  the  ox)en  circuit  of  one 
lead  of  the  coil  T  When  the  crab,  moving 
from  B  toward  coil  T,  rests  on  bars  15-16, 
the  galvanometer  needle  is  violently  moved, 
as  the  galvanometer  is  now  in  series  with  all 
the  good  coils  from  AU}  B,  and  is  connected 
across  the  terminals  of  the  open-circuited 
coil  71  This  allows  all  the  current  flowing 
from  ^  to  il  on  the  lower  side  of  the  arma- 
ture to  flow  through  the  galvanometer.  This 
current  is  usually  of  sufficient  strength  to 
destroy  the  galvanometer  coil  if  it  is  left  in 
circuit  for  any  length  of  time.  When  the 
crab  moves  to  bars  16-17,  no  deflection  of 
the  galvanometer  takes  place,  as  the  path  of 
the  current  on  the  lower  side  of  the  arma- 
ture is  open-circuited  at  0.  C,  For  the  same 
reason,  no  deflection  will  be  obtained  until 
the  crab  moves  above  the  current  terminal  A. 


Bars  16  and  16  may  be  connected  together 
by  a  short  wire;  current  will  then  flow 
around  the  lower  part  of  the  armature,  and 
the  coils  on  that  portion  may  be  tested  for  a 
short  circuit,  crossed  connections,  and  other 
troubles,  in  a  similar  manner  to  the  method 
employed  on  the  upper  part  of  the  arma- 
ture. In  case  the  galvanometer  is  connected 
between  two  bars,  where  a  reading  20°  or  30*^ 
higher  than  the  standard  reading  is  noted, 
it  is  probable  that  the  coil  leads  to  the 
commutator  bars  are  not  properly  soldered 
in.  The  increased  resistance  at  that  point 
gives  a  higher  reading  on  the  galvanometer. 
In  case  one  coil  is  short-circuited  to  a  coil 
several  coils  distant,  slight,  if  any,  deflection 
will  be  noted  on  the  galvanometer,  when 
the  crab  is  passing  over  the  bars  between 
the  two  sets  of  bars  to  which  the  two 
injured  coils  are  connected.  The  greater 
part  of  the  current  will  take  the  short- 
circuit  path  from  one  short-circuited  coil  to 
the  other. 

When  a  galvanometer  of  the  kind  de- 
scribed is  used,  it  is  not  suitable  for  portable 
work  outside  of  the  shop.  For  hasty  test- 
ing on  outside  work,  a  few  cells  of  primary 
battery  may  be  substituted  for  the  line  and 
lamp  bank,  and  a  telephone  receiver  in 
place  of  the  galvanometer.  Apply  the  cur- 
rent from  the  battery  to  the  commutator  in 
the  usual  manner.  Take  the  terminals  from 
the  receiver,  hold  one  on  a  bar  of  the  com- 
mutator and  keep  tapping  the  adjacent  bar 
with  the  other  terminal.  If  any  of  the 
armature  coils  are  short-circuited,  open- 
circuited,  etc.,  the  volume  of  sound  given  out 
by  the  telephone  receiver  will  vary.  Reversal 
of  connections  can  only  be  detected  by 
increased  souQd  on  the  bars  just  before 
and  after  the  bars  to  which  the  reversed 
coil  leads  are  connected.  A  magnetic  or 
mechanical  circuit  interrupter  can  be  placed 
in  the  telephone-receiver  circuit  In  case 
this  is  done,  both  terminals  are  held  solidly 
against  the  two  commutator  bars.  The 
interrupter  breaks  the  circuit.  Do  not  put 
the  interrupter  in  the  battery-armature  cir- 
cuit, because  the  effects  of  induction  in  the 
coils  of  the  armature  will  make  it  impossible 
to  determine,  with  any  accuracy,  the  location 
of  the  injured  coils. 
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A  Liberal  Translation  hy  Mary  E.  Mitchell  From  the  French  qf  C.  Fontaine 


GREAT  progress  has  been  made  since  the 
time  when  man  constructed  the  first 
hat  until  this  age  with  its  towering 
buildings,  wherein  water,  steam,  and  elec- 
tricity are  all  employed  for  his  convenience. 
Let  us  examine  this  progress  and  see  what  a 
step  it  is  from  that  time  until  now. 

Man  is  led  by  instinct  to  defend  himself 
against  assault,  and  to  protect  himself  from 
the  elements.  In  the  most  ancient  time 
recorded  in  history,  man  sheltered  himself 
under  ledges  and  defended  himself  from  his 
enemies  by  raising  barriers  of  earth  or  rocks. 
With  these  needs  of  shelter  and  defense, 
finally  arose  the  desire  to  make  them  as 
attractive  as  possible  by  use  of  ornamental 
features  and  pleasing  forms.  So  it  is  that 
the  customs  of  the  people  and  their  artistic 
sentiments  are  the  tw.o  points  of  departure 
from  all  the  modifications  that  man  has 
employed  from  age  to  Age  in  the  construction 
of  his  dwellinfl^. 

In  the  district  of  the  Yonne,  in  the  vicinity 
of  Joigny,  France,  the  site  of  a  great  number 
of  houses,  relics  of  the  stone  age,  can  be 
seen.  These  areas  are  circular  spaces  having 
a  diameter  of  from  8  to  10  meters,  their 
center  being  occupied  by  the  trunk  of  a  fossil 
tree,  around  the  base  of  which  the  ground  is 
of  black  earth  and  grass  mixed  with  coal, 
flint,  and,  in  many  instances,  the  bones  of 
the  ancient  inhabitants. 

Traces  of  these  first  human  societies  have 
been  found  in  France,  along  the  valley  of 
the  Oise;  have  been  located  in  England;  near 
Madrid,  at  San  Isidro;  in  Italy;  in  Egypt;  in 
Algiers;  and  even  in  the  Great  Sahara,  which 
at  that  time  was  watered  by  majestic  rivers 
and  nourished  a  numerous  population.  Evi- 
dence of  such  early  habitations  has  also  been 
found  in  Palestine  and  in  Syria,  as  well  as  in 
Asia  and  Mexico.  On  the  pampas,  those 
infinite  plains  of  South  America  without 
rock  and  trees,  man,  for  the  want  of  better 
shelter,  installed  himself  under  the  carapace 
of  the  gigantic  armadillo,  the  spoils  of  the 
conquered  animal  becoming  the  home  of 
the  conqueror. 

About  the  time  man  invented  the  first 
tools,  he  became  imbued  with  the  desire  for 
a  habitation  of  greater  security,  and  chose 
what  nature  ofiered  him — some  grotto  of 
difficult  access.  The  dwelling  became  a 
fortress,  at  first  a  natural  one,  though  later, 
as  his  resources  developed,  he  conceived  the 


idea  of  making  for  himself  artificial  fortifica- 
tions. The  explorer  Nachtigal  has  described, 
in  an  account  of  one  of  his  voyages,  an 
aerial  village  in  Soudan  consisting  of  houses 
built  in  the  trees.  These  primitive  habita- 
tions of  man  rested  upon  the  largest 
branches,  which  are  nearly  horizontal;  these 
branches  were  tied  together  and  joined  to 
the  transverse  branches  by  knots  of  liana. 
Such  dwellings  as  those  were  free  from 
danger  of  attack,  as  all  connections  with  the 
ground  could  be  quickly  cut  off*. 

The  Paeonians  of  Thrace,  says  Herodotus, 
built  their  villages  upon  stakes  dHven  into 
the  bottom  of  a  lake,  and,  according  to 
Hippocrates,  the  people  living  east  of  the 
Black  Sea,  on  the  River  Phasis,  elevated  their 
cabins  on  reeds  rising  from  the  middle  of 
the  river.  In  our  day,  the  Malays  and  the 
Chineseliving  in  Bangkok,  thenativesof  New 
Guiana,  as  well  as  some  of  the  inhabitants  of 
the  island  of  Mindanao,  construct  their 
houses  on  stakes  driven  into  the  beds  of  the 
streams;  and  Burton,  the  English  voyager, 
made  famous  by  his  discovery  of  Lake 
Tanganyika,  in  1858,  has  observed  similar 
habitations  in  Dahomey  and  Cameron  and 
also  in  Central  Africa.  When  the  Spaniards 
discovered  the  lagoon  of  Maracaibo,  in 
South  America,  they  saw  there  a  village 
erected  on  stakes,  "a  little  Venice  of  wood," 
to  which  Venezuela  owes  its  name. 

It  has  long  been  known  that  a  consider- 
able population  had  lived  in  prehistoric  cities 
located  in  the  lakes  of  Switzerland.  Twenty 
of  these  lake  cities  have  been  found  on  the 
Lake  of  Bienne,  twenty-four  on  the  Lake 
of  Qeneva,  thirty-two  on  Constance  Lake, 
and  forty-nine  on  the  Lake  of  Neuchfttel, 
while  traces  of  similar  cities  have  been  dis- 
covered in  France,  Italy,  Germany,  England, 
Scotland,  Ireland,  Austria,  and  Hungary. 

The  lake  man,  when  he  became  a  dweller 
on  the  land,  copied  the  habitations  in  which 
he  had  lived  so  long,  and  constructed  his 
hut  of  branches  covered  with  petrified  clay 
or  with  the  skins  of  animals.  These  first 
buildings  were  rounded  off"  at  the  summit 
and  often  elongated,  in  order  to  increase  the 
space  at  the  disposition  of  the  inhabitants. 
After  a  while,  however,  he  learned  to  place 
stones  one  over  another  and  to  garnish  the 
interstices  with  flint,  then  to  join  them  with 
clay,  and  finally  with  the  more  resisting 
cement.    The  walls  of  these  stone  hcta  or 
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hovels  were  rmised  waist  high,  and  upon  them 
rested  the  roof  beams,  having  the  necessary 
slope  to  shed  the  water,  while  transversing 
these  beams  were  placed  interlacing  branches 
or  sod. 

Admittance  into  these  dwellings  could 
only  be  had  by  crawling,  and  the  interior 
offered  anything  but  comfort.  The  soil  was 
extremely  hard,  and  the  seats  consisted  of 
flat  elevated  stones  or  benches  of  stone 
jutting  from  the  wall,  these  benches  also 
serving,  without  doubt,  for  beds.  The  walls 
of  these  habitations  were  usually  strength- 
ened by  the  use  of  an  outside  wall  of  dry 
stones.  Auvergne,  with  its  volcanic  and 
megalithic  cities,  and  Scotland,  with  its 
earth  houses,  show  the  most  curious  speci- 
mens of  this  domestic  architecture. 

From  the  time  when  man  learned  the  art 
of  constructing  walls,  his  habitations  were 
rapidly  perfected.  Houses  of  stone  were 
the  first  that  he  built,  because,  from  the 
first  ages  of  humanity,  he  learned  to  work 
stone.    Soon   he  began   to  make  and  use 


bricks,  and,  litUe  by  little,  as  ideas  of  health 
and  hygiene  came  to  him,  he  conceived  the 
idea  of  leaving  a  large  space  between  the- 
ground  and  the  fioor,  and  built  a  second 
story  above  the  first,  making  openings  in 
the  walls  through  which  air  and  light  could 
penetrate. 

It  was  reserved  for  the  present  epoch,  how- 
ever, to  substitute  iron  for  stone  in  our 
large  buildings,  and  it  was  also  reserved  for 
us,  alas !  to  construct  buildings  twenty  stories 
high,  which,  while  they  are  provided  with 
all  possible  conveniences,  can  never  be  grace- 
ful. Those  masters  of  architecture,  the 
Greeks,  fortunately  never  reached  what 
might  be  called  the  age  of  utility,  and  their 
monuments  have  remained  to  this  day  the 
ideal  of  elegance  and,  in  consequence, 
good  taste.  We  live,  it  is  true,  in  a  century 
when  the  beautiful  ought  to  yield  to  the 
useful;  but  can  we  not  hope  that  a  day  will 
come  when  we  will  forget  somewhat  our 
love  of  money  and  senseless  luxury,  to 
return  to  the  worship  of  the  beautiful? 


POSTAL-CHECK  CURRENCY 
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^NE  of  the  great  needs  of  rural  communi- 
ties and  small  towns  having  no  banking 
fkcilities  or  money-order  post  office,  is 
some  means  by  which  small  sums  of  money 
may  safely  be  sent  through  the  mails.  Nor 
is  this  inconvenience  felt  by  small  communi- 
ties only,  for,  in  large  towns  and  cities  with 
adequate  money-order  and  banking  facilities, 
it  is  often  very  inconvenient  to  get  a  money 
order  or  check,  and,  in  consequence,  the 
■ending  of  stamps  is  often  resorted  to  for  the 
payment  of  small  amounts. 

The  disposal  of  the  large  aggregate  sums 
in  the  shape  of  stamps  received  by  publishers 
of  periodicals  and  by  others  whose  receipts 
are  largely  in  small  amounts  firom  widely 
scattered  sources,  has  become  a  serious  prob- 
lem with  business  men.  One  large  publish- 
ing house  in  Chicago  reports  an  annual 
receipt  of  $360,000  in  postage  stamps,  and 
the  same  inconvenience  is  experienced  by 
business  houses  all  over  the  country,  on  a 
greater  or  less  scale. 

A  bill  now  before  congress  proposes  to 
remedy  this  defect  in  the  postal  service  by 
reprinting  all  $1.00,  $2.00,  and  $5.00  bills 
and  provide  blank  spaces  on  the  face  of 
them,  which  may  be  filled  out  the  same  as  a 
check.    It  is  also  proposed  to  authorize  an 


issue  of  $50,000,000  in  fractional  bills  of  the 
post-check  form,  in  denominations  of  5^  10, 
15,  25,  and  50  cents,  in  place  of  the  same 
amount  of  large  notes  now  in  circulation. 
These  email  bills  are  to  be  of  the  convenient 
form  of  fractional  currency  adopted  during 
the  Civil  War,  but  to  have  the  blank  spaces 
to  be  filled  out.  They  are  to  pass  as  currency 
so  long  as  the  blank  lines  are  not  filled  in, 
but  when  it  is  desired  to  send  a  small  amount 
of  money  through  the  mails,  any  bill  is  trans- 
formed into  a  check  on  the  United  States 
Government  by  filling  in  the  blank  spaces 
and  affixing  a  stamp,  and  it  can  then  be  col- 
lected by  the  payee  or  deposited  in  the  bank 
the  same  as  any  other  check.  When  a  bill 
has  thus  been  changed  into  a  check  and  been 
paid,  it  is  canceled  and  a  new  bill  of  like 
denomination  issued  in  its  stead,  which 
insures  a  clean  currency  and  removes  the 
sanitary  objection  to  the  present  bills. 

The  proposed  currency  law  has  met  the 
approval  of  high  post-office  and  other  govern- 
ment officials,  and  seems  to  be  one  that  will 
meet  the  requirements  of  the  public.  Those 
interested  in  the  matter  may  greatly  aid  in 
the  passage  of  this  measure  by  urging  their 
representatives  in  congress  to  give  it  due 
consideration. 
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Difference  Between  It  and  Natural  Cement — Old  and  New  Methods  op  Manufac- 
ture— Requirements  op  Cements 


THE  cement  industry  began  in  England, 
where  the  principal  works  are  located 
on  the  Thames  and  Medway  Rivers. 
It  then  spread  to  Germany  and  Belgium, 
thence  to  the  other  European  nations,  and 
finally  to  this  country,  where,  after  a  modest 
beginning,  it  has  finally  developed  into  an 
industry  of  enormous  proportions;  and,  not- 
withstanding the  increasing  number  of  new 
mills  and  enlarged  dimensions  of  old  ones, 
the  supply  is  unable  to  keep  pace  with  the 
demand,  on  account  of  the  new  uses  to  which 
it  is  constantly  put. 

Some  years  ago  cement  was  only  used  to 
line  cisterns,  and  occasionally  for  cellar 
floors.  Sidewalks  made  from  it  were  a 
luxury;  but  now,  on  account  of  its  economy 
and  durability,  cement  is  rapidly  superse- 
ding all  other  materials  for  this  purpose.  It 
is  also  extensively  used  for  window  sills  and 
floors  in  fireproof  buildings.  Foundations 
are  generally  made  of  it  in  the  form  of  con- 
crete, which  is  only  another  name  for  a 
mixture  of  cement,  sand,  and  broken  stone. 
It  is  also  making  its  way  as  a  material  for 
constructing  walls,  the  bodies  of  which  are 
of  concrete  and  the  outer  surfaces  of  smooth 
cement  and  sand,  sometimes  formed  to  imi- 
tate hewn  stonework. 

Cement  is  of  two  classes,  viz.,  Portland 
cement  and  natural  cement.  The  latter  is 
made  of  impure  limestone,  which  contains, 
in  a  greater  or  less  degree,  the  necessary 
constituents  for  making  cement.  These  con- 
stituents have  been  mixed  by  nature,  and 
for  cement  making  must  be  used  in  the  pro- 
portions in  which  they  are  found.  With 
Portland  cement,  however,  nothing  is  left  to 
chance,  as  it  is  known,  by  constant  analysis, 
what  the  constituents  should  be  and  in  what 
proportions  they  should  appear  in  order  to 
obtain  the  best  results.  It  is,  therefore, 
within  our  power  to  make  a  Portland 
cement  from  a  mixture  of  cement  rock  and 
limestone,  clay  and  limestone,  marl  and  clay, 
or  marl  and  limestone. 

An  ideal  Portland  cement  should  possess 
the  following  composition: 

Ltme 62.2|i 

Silica 28.2;i? 

Alumina  9.&^ 

However,  a  third  of  the  alumina  may  be 


replaced  by  ferric  oxide,  and  the  cement 
would  then  correspond  to  the  following 
composition: 

Ltme 61.75( 

Silica 27.45( 

Alamlna 7.5^ 

Ferric  oxide 3.436 

The  actual  analysis,  however,  of  the  Port- 
land cement,  as  supplied  to  the  trade, 
approaches  these  figures  in  about  the  follow- 
ing proportions: 

JIfaxtmum.     Minimum, 

Lime e2.0jf  57.0J6 

Silica - 24.0:<  19.0H 

Alumina 8.8)<  5.2^ 

Ferricoxide  6.0<  2.0jt 

Magnesia 8.5jt  O.Sii 

Potash  l.Ojt  0.4^ 

Soda 0.8jf  0.4<t 

Salphuric  acid 1.0J(  

Sand,  etc. 2.9)<  1.0^ 

Carbonic  acid 1.9«(  

Water  1.5jt 

Portland  cement  is  much  superior  to  natu- 
ral cement,  as  the  best  natural  cement  never 
attains  the  hardness  nor  does  it  have  the 
strength  or  durability  of  the  most  ordinary 
Portland  cement,  which,  in  a  general  way, 
dififers  from  natural  cement  by  being  heavier, 
slower  in  setting,  and  stronger. 

Portland  cement  derives  its  name  from 
the  resemblance  that  hardened  mortar  made 
of  it  bears  to  a  stone  found  in  the  Isle  of 
Portland,  off  the  south  coast  of  England. 
The  modem  method  of  manufacturing  it  is  as 
follows:  After  the  stone  has  been  quarried 
and  conveyed  to  the  works,  it  is  crushed 
and  pulverized  in  proper  proportions;  it  then 
enters  a  long  horizontal  revolving  cylinder, 
made  of  steel  plates  riveted  together  and 
lined  with  firebrick— commonly  known  as  a 
rotary  kiln.  At  the  opposite  end,  called  the 
burning  end,  an  intensely  hot  fiame  is  forced 
into  the  kiln,  by  means  of  a  blast  created  by 
a  blower  or  an  air  compressor.  The  fiame 
is  sometimes  produced  by  the  combustion  of 
producer  gas  or  petroleum,  but  pulverized 
coal  is  most  generally  used,  owing  to  its 
cheapness  and  ease  of  manipulation. 

The  pulverized  raw  stone  is  fed  in  a  con- 
tinuous stream  into  the  opposite  end  of  the 
kiln,  known  as  the  feed  end,  and  by  reason 
of  the  slight  inclination  of  the  kiln,  together 
with  its  rotary  motion,  the  cement  material 
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moves  onwards  in  an  opposite  direction  to 
that  of  the  flame.  In  its  passage  through  the 
furnace,  the  material  gets  hotter  and  hotter, 
until  it  reaches  the  zone  of  greatest  heat, 
when  the  particles  hegin  to  adhere  to  each 
other  and  finally  become  a  mass  of  clinkers, 
irregular  in  shape  and  size.  These  hot  clink- 
ers are  either  allowed  to  fall  upon  a  floor  of 
fireproof  material  or  to  pass  onwards  through 
another  rotary  shell  to  cool.  During  this 
process  of  calcination  the  carbonic  acid  is 
separated  from  the  cement  material,  and 
escapes  through  a  stack  to  the  atmosphere. 

The  amount  of  material  under  treatment 
at  one  time  inside  the  kiln  does  not  exceed 
three  or  four  tons.  The  operation  is  very 
rapid,  taking  no  more  than  half  an  hour 
from  the  time  the  raw  cement  material  is 
fed  into  the  kiln  until  it  comes  out  as  clink- 
ers. There  is  no  interruption  in  the  feed  or 
in  the  output,  but  on  account  of  the  loss 
in  evaporated  water  and  carbonic  acid,  only 
about  two-thirds  of  the  weight  of  the  mate- 
rial fed  in  will  come  out  as  burnt  cement. 

The  clinkers  of  the  rotary  kiln  have  a 
very  different  appearance  from  those  of 
any  other  kiln.  They  are  like  irregularly 
rounded  balls,  from  tJ^e  size  of  a  grain  of 
wheat  to  that  of  a  man's  fist,  and  are  some- 
what porous  in  texture — tougher,  but  more 
brittle,  than  in  their  original  condition. 

An  experienced  cement  burner  can  always 
detect  any  irregularities  in  the  quality  of  the 
cement  he  is  burning  by  the  appearance  of 
the  clinkers  after  they  are  cold.  The  pres- 
ence of  many  sparkling  crystals  on  a  dark- 
colored  and  heavy  clinker  shows  an  excess 
of  lime;  a  deficiency  of  lime  would  be  indi- 
cated by  a  brown-colored  clinker  with  fused 
spots. 

After  the  clinkers  have  sufficiently  cooled, 
they  are  reduced  in  a  crushing  roll  to  a 
uniform  size,  and  are  then  taken  to  a  pulver- 
izing mill,  which  further  reduces  them  to 
about  the  consistency  of  flour,  or,  as  it  is 
technically  termed,  so  that  it  will  pass 
through  a  10,000-me8h  sieve.  These  pulver- 
ized clinkers  are  now  what  is  commonly 
known  to  the  trade  as  Portland  cement,  and 
ready  for  the  market,  after  mixing  with  it  a 
small  amount  of  plaster  of  Paris,  which 
regulates  the  setting  quality  of  the  cement 
mortar.  It  is  then  packed  in  paper  or 
canvas  bags  or  in  barrels. 

Some  manufacturers  and  consumers  prefer 
having  their  cement  ''aged,"  or  stored  for  a 
period  of  time  before  being  used.  This  is  of 
advantage  to  those  preferring  a  slow-setting 
cement,  since  usually  the  older  a  Portland 


cement  is  the  slower  it  is  in  setting,  provided 
it  has  been  properly  stored.  The  Portland 
cements  are  usually  what  are  termed  "  slow 
setting,"  while  the  light-burned  natural 
cements  are ' '  quick  setting. ' '  This  property 
may,  in  some  cases,  settle  the  question  as  to 
which  cement  should  be  used.  In  the  case 
of  dams,  retaining  walls,  and  foundations, 
a  slow-setting  ;cement  may  be  used  to 
advantage;  while  for  bricklaying,  pointing, 
or  plastering,  a  quick- setting  cement  is  best 
adapted.  In  all  cases  during  the  process  of 
setting,  moisture  adds  greatly  to  its  final 
strength  and  durability. 

The  foregoing  account  of  cement  making 
is,  as  was  previously  stated,  the  modem 
method,  but  it  must  be  understood  that  it  is 
not  the  only  method.  Though  the  adoption 
of  the  rotaiy  system  is  rapidly  gaining  favor 
among  cement  manufacturers,  who  are  now 
installing  rotary  kilns  in  place  of  the  old- 
style  vertical  kilns,  it  is  but  a  short  time 
since  these  vertical  kilns  were  the  only 
means  for  making  all  cement,  and,  though 
they  are  fast  disappearing,  their  prominence 
in  cement  history  make  them  still  an  object 
of  passing  interest. 

The  earliest  type  of  these  kilns  was  what 
is  known  as  the  dome  kUn;  and,  while  there 
have  been  many  changes  in  some  of  the 
details  of  these  kilns,  the  essential  features 
remain  unchanged.  When  the  kiln  is  cold, 
kindling  and  light  fuel  are  put  in  on  the 
grate  bars.  On  top  of  this  is  placed  a  heavy 
layer  of  coal,  then  a  layer  of  stone,  or  pulver- 
ized material  moistened  and  molded  in 
irregular  blocks  or  bricks,  repeating  the 
layers  of  coal  or  coke  and  stone  until  a 
sufficient  amount  of  material  is  in  the  kiln. 
The  fire  is  started  at  the  bottom  and  burns 
upwards,  slowly  but  gradually  heating  the 
whole  mass  until  the  kiln  becomes  hot.  The 
first  action  of  the  heat  is  to  drive  any  remain- 
ing moisture  from  the  mass.  A  moderate 
temperature  only  is  needed  for  this.  As 
more  fuel  ignites  and  the  fire  approaches 
the  stone,  the  temperature  increases  until  it 
b^ins  to  act  on  the  carbonic  acid.  During 
the  first  stage  an  invisible  vapor  is  driven 
off;  when  the  mass  has  become  heated  to  a 
good  red  heat,  carbonic-acid  gas  is  driven  off. 
When  this  has  been  accomplished  and  the 
whole  mass  raised  to  a  white  heat,  the  third 
and  last  stage  begins,  which  is  the  fusing  to- 
gether of  the  cement-making  materials.  At 
this  point  the  uncertainty  of  burning  by  this 
process  is  made  apparent.  The  product  may 
be  overburned,  underburned,  or  correctly 
burned,  but  which  of  these  results  is  attained 
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depends  on  the  proper  proportioning  of  the 
fuel  and  stone.  As  the  fuel  is  consumed  the 
clinkers  sink  to  the  bottom  and  are  removed, 
fresh  fuel  and  stone  being  added  at  the  top. 
In  this  way  the  process  can  be  made  more  or 
less  continuous.  Under  other  circumstances 
the  kiln  is  chai^ged  and  the  entire  mass 
burned,  when  the  kiln  is  allowed  to  cool  and 
the  clinkers  are  removed. 

The  disadvantages  of  this  process  are  that 
the  relative  amounts  of  fuel  and  stone  must 
be  decided  on  before  the  burning  commences, 
and  once  the  kiln  is  started  the  amount  of 
fuel  cannot  be  changed.  The  relative  amount 
of  fuel  necessary  depends  on  the  character 
of  the  fuel,  the  character  of  the  stone,  the 
shape  and  height  of  the  kiln,  the  tempera- 
ture, the  humidity  of  the  atmosphere,  and 
the  direction  and  force  of  the  wind. 

As  will  be  seen,  many  of  these  conditions, 
under  the  dome-kiln  system,  are  entirely 
beyond  the  control  of  the  cement  maker, 
and  are  liable  to  change  at  any  time  during 
the  burning.  On  the  other  hand,  in  the 
rotary-kiln  process,  the  necessary  conditions 
to  be  fulfilled  are  entirely  under  the  control 
of  the  man  in  charge. 

However,  even  with  this  improved  proc- 
ess, there  still  remain  obstacles  to  the 
economical  production  of  cement.  Among 
these  may  be  mentioned  the  heat  lost  by 
radiation  and  by  escape  through  the  stack 
under  forced  draft,  with  the  consequent 
unnecessary  expenditure  of  fuel.  Another  is 
the  dinkering  of  the  material  during  burn- 
ing, necessitating  crushing  and  pulverizing. 


Cement  is  standardized  according  to  its 
fineness  and  the  time  it  requires  to  set  or 
harden;  also  by  its  tensile  strength  per 
square  inch  of  section,  and  by  its  expand- 
ing and  contracting  qualities  while  setting. 

The  following  tables  will  show  the  avei^ 
age  American  requirements  for  fineness  and 
strength  of  Portland  cement  and  natural 
cement: 

Portland  Cement 

Per  cent,  of  cement  paaaing  deve:    No.  60,  95^; 

No.  100,  9A^. 

I  Mortar. 


ciSSt.       1  P»rt  I   1  Part  ■ 
Cement, '  Cement,  | 
2  ParU     3  Parte 
Sand.    I    Sand.   ; 


Age  in  Days 
When  Tested. 


1  ,  7   28   7   28   7   28  I 


InTb^  pw^^.^u.  ^^^  402  547  150  200  119  189 


J 


Natural  Cement 
Per  cent,  of  cement  passing  sieve:    No.  50,  91^; 
No.  100,  725(. 


Neat  1  Part  Cement, 

Cement.         2  ParU  Sand. 


Age  in  Days 
When  Tested. 


i  Tensile  Strength     ,b 
I  in  Lb.  per  Sq.  In.  I  ^ 


28 


28 


102 ,  164        34 

I 


TREATMENT  OF  INCANDESCENT  LAMP 

FILAMENTS 


WHEN  incandescent  lamps  were  made 
with  carbonized  bamboo  filaments  it 
was  impossible  to  get  them  of  uniform 
resistance  throughout.  The  result  was  that, 
when  a  current  was  sent  through  the  lamp, 
the  filament  glowed  more  brightly  in  some 
spots  than  in  others,  and  in  order  to  make 
the  resistance  uniform  the  filaments  had  to 
be  ' 'treated."  This  treatment  consisted  in 
introducing  a  hydrocarbon  gas  into  the  bulb 
and  then  sending  current  through  the  fila- 
ment. The  parts  that  glowed  brightest,  i.  e., 
those  that  were  of  too  high  resistance,  had 
carbon  deposited  on  them  more  rapidly  than 
on  the  cooler  portions,  which  brought  the 
filament  to  a  uniform  resistance  throughout. 


Filaments  are  now  manufactured  from 
cellulose  by  means  of  the  squirting  process, 
and  there  is  no  difficulty  in  making  them  of 
uniform  resistance,  but  the  treatment  is  still 
continued,  not  because  it  is  necessary  to 
secure  uniform  resistance,  but  because  it  has 
been  found  that  the  hard  coating  of  gra- 
phitic carbon  given  to  the  filament  by  this 
process  greatly  improves  its  light-giving 
properties.  The  untreated  carbon  radiates 
its  heat  much  more  readily  than  the  treated, 
hence  a  given  amount  of  power  expended  in 
the  lamp  will  cause  the  treated  carbon  to 
attain  a  higher  temperature  than  the 
untreated,  and  the  efficiency  of  the  lamp  is 
thereby  improved. 
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Some  Principles  Involved — How  Telegraph  Currents  Are  Prevented  From  Afi-bcting 
THE  Telephone — Complete  Diagram  of  Connections 


THE  transmission  of  telegraph  and  tele- 
phone messages  over  the  same  wire  at 
the  same  time  is  called  simiUtaneoua 
tel^l^phy  and  telephony.  Before  descri- 
bing the  methods  of  arranging  the  telegraph 
and  telephone  apparatus  by  which  this 
simoltaneoas  transmission  can  be  accom- 
plished, it  will  be  well  to  consider  briefly 
some  of  the  fundamental  principles  involved.. 

One  of  the  difficulties  to  be  overcome  in 
attempting  to  telegraph  and  telephone  simul- 
taneously over  the  same  wire  is  that  the 
telegraphic  signals  would,  without  special 
precautions  or  arrangement  of  apparatus,  be 
heard  in  the  telephone  receivers.  This 
would  cause  a  great  deal  of  annoyance,  and 
the  telegraph  messages  would  not  then  be 
secret.  The  wasting  of  the  telephone  cur- 
rents in  the  telegraph  instrument  must  also 
be  avoided. 

In  a  simple  short  telegraph  circuit,  the 
current  will  rise  to  its  maximum  value 
almost  instantly  when  the  key  is  closed 
and  fall  to  zero  almost  instantly  when  the 
key  is  opened.  A  curve  representing  the 
current  in  such  a  circuit  is  about  as  shown 
in  Fig.  1,  the  time  in  seconds  being  laid  off 
along  0  y,  and  the  corresponding  current 
in  amperes  along  OX.  The  time  required 
for  the  current  to  reach  its  maximum  value, 
even  on  an  overhead  line  of  350  miles  in 
length,  is  ordinarily  less  than  one-fortieth 
the  time  required  to  make  a  dot.  In  tele- 
graphing at  the  rate  of  25  words  a  minute, 
which  is  equivalent  to  about  5  Morse  sig- 
nals a  second,  there  would  be,  if  means 
were  not  taken  to  avoid  it,  10  intense  clicks 
every  second  in  a  telephone  receiver  con- 
nected between  the  line  wire  and  the  ground, 
one  of  these  being  made  every  time  the  tele- 
graph key  was  closed  and  another  every 
time  it  was  opened,  due  to  the  very  rapid 
rise  and  fall  of  the  relatively  large  telegraph 
current,  which  is  about  100  times  larger 
than  the  telephone  current.  If  the  telegraph 
current  can  be  made  to  rise  and  fall  gradu- 
ally enough,  the  telephone  receiver  wQl  not 
make  any  click.  The  accomplishment  of 
this  has  made  possible  one  method  of  simul- 


taneously telephoning  and  telegraphing  over 
the  same  wire. 

It  is  a  well-known  fact  that  the  sudden 
rise  and  £all  of  a  current  in  a  circuit  can  be 
delayed,  that  is,  made  more  gradual,  by 
increasing  the  inductance  in  the  circuit 
Furthermore,  if  in  addition  to  the  inductance 
coil  a  condenser  is  connected  from  the  line 
to  the  ground,  the  current  in  the  line  will 
rise  and  fall  still  more  slowly.  Hence,  by 
using  enough  inductance  coils  and  conden- 
sers, the  current  in  the  line  may  be  made 
to  rise  and  fall  as  slowly  as  desired.  A 
simple  telegraph  circuit,  with  two  inductance 
coils  I  and  Jj,  and  two  condensers  C  and 
Ci,  connected  in  the  circuit,  is  shown  in 
Fig.  2. 

The  coils  I  and  7i  are  called  impedance, 
retardationy  or  choke  coils,  and  are  usually 
made  by  winding  a  large  number  of  turns 
of  insulated  copper  wire  over  a  soft-iron 


Fio.  1 

wire  core,  the  ends  of  the  iron  wire  being 
brought  together  and  overlapped,  as  shown 
in  Fig.  3,  so  as  to  form  a  closed  iron  circuit 
for  the  magnetic  lines  of  force.  With  a 
given  number  of  turns  of  insulated  copper 
wire  and  a  given  cross-section  of  iron,  such 
a  closed  magnetic  circuit  will  give  a  maxi- 
mum inductance,  causing  a  maximum  opposi- 
tion to  a  rapid  rise  or  fall  of  the  current. 
In  making  such  a  coil,  it  is  of  much  more 
importance  to  have  a  large  number  of  turns 
of  copper  wire  and  a  good  magnetic  circuit 
of  iron  than  to  have  a  large  resistance.  In 
fact,  the  smaller  the  simple  resistance  can 
be  kept  the  better,  provided  there  are  a 
large  number  of  turns.  Low  resistance  and 
a  large  number  of  turns  means  a  large  coil, 
because  large-sized  copper  wire  must  be 
used,  and  it  becomes  necessary  to  compro- 
mise in  order  to  have  neither  too  large  a  coil 
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nor   too   high  a   resistanoe  with  a   given 
number  of  turns. 

Suppose  that  in  Fig.  2  the  key  K  is  closed. 
The  inductance  of  the  relay  12  and  the 
impedance  coil  /will  act  as  a  barrier  to  the 


FlO.2 

inrushing  current  and  will  prevent  it  from 
attaining  its  maximum  strength  as  quickly 
as  it  would  were  the  impedence  coil  /not  in 
the  circuit.  The  greater  the  inductance  in 
the  circuit,  the  slower  will  the  current 
increase  and  decrease.  Furthermore,  the 
condenser  C  must  be  fhlly  charged  before 
the  current  in  the  line  can  reach  its  max- 
imum value.  As  fast  as  the  current  is 
able  to  get  through  the  relay  12,  it  first  tends 
to  charge  the  condenser  C,  and,  as  the  con- 
denser becomes  more  and  more  nearly 
charged  to  its  full  capacity,  more  current 
will  flow  through  the  coil  J,  which  also 
impedes  its  rapid  increase.  The  increase  in 
the  strength  of  the  current  in  the  line  wire 
is  thus  made  to 
^^^_^^_^r;^^^=^==^^^      take  place  more 

[!%lfSiiiiipiiili    «i°^^y  ^^^  ^^ 

^^^!^MM^2^^^^i^^^'^^M      would    without 
^^^^^^^"^^^^~^^^^~=^       the    condenser 
and   the  impe- 
dance coil. 

On  opening 
the  key  IT,  the 
co;ndenser  C 
tends  to  discharge  its  current  through  the  coil 
I  into  the  line  in  the  direction  of  the  original 
current,  thereby  tending  to  prolong  the  cur- 
rent in  the  line  and  causing  it  to  decrease  more 
gradually.  The  combination  of  condensers 
and  impedance  coils  thus  opposes  any  rapid 
change  in  the  strength  of  the  current,  and 
the  current  curve  can  be  made  to  approach 
that  shown  in  Fig.  4  by  using  the  proper 
amount  of  inductance  and  capacity. 
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At  the  rate  of  25  words  a  minute,  there 
would  be  about  5  dots  and  spaces,  or  5  carves 
like  the  one  shown  in  Fig.  4,  a  second.  The 
induction  coils  and  condensers  will  interfere 
with  telegraphing  at  a  high  speed,  and 
especially  with  rapid 
automatic  systems,  be- 
cause the  signals  would 
be  of  such  a  short  dura- 
tion that  there  would  not 
be  time  for  the  current  to 
rise  or  fall  through  a  sufli- 
cient  range  to  properly 
operate  the  relays.  More- 
over, even  if  suitable 
relays  or  other  instru- 
ments could  be  used,  such 
rapid  signaling  would  in- 
terfere with  what  we  are 
striving  for,  namely,  to 
telephone  as  well  as  to 
telegraph  over  the  same 
line.  About  the  lowest 
audible  sound  is  produced  by  16  complete 
vibrations  per  second.  Therefore,  an  undu- 
lating current  that  changes  at  such  a  low 
rate  that  it  would  never  cause  the  diaphragm 
of  a  telephone  receiver  to  move  as  fast  as  it 
would  be  moved  by  a  current  having  a  fre- 
quency of  16  periods  per  second,  would  pro- 
duce no  sound,  not  even  a  single  click,  in 
the  receiver. 

Now,  if  a  telephone  receiver  712  and 
the  secondary  winding  of  the  induction  coil 
8  were  connected  between  the  line  and  the 
ground,  as  in  Fig.  5,  but  without  the  con- 
denser C,  more  or  less  of  the  telegraph  cur- 
rent would  go  through  the  receiver  circuit  to 
the  ground  in  preference  to  passing  through 
the  line  and  the  distant  office  instruments. 


FlO.4 

Even  if  this  current  produced  no  sound  in 
the  receiver,  it  would  still  be  necessary  (in 
order  that  the  telegraph  signal  made  at 
the  sending  station  shall  affect  the  relay 
at  the  receiving  station)  to  prevent  the  flow 
or  leaking  of  the  telegraph  current  through 
the  receiver.  To  accomplish  this,  the  con- 
denser C^  is  connected  between  the  receiver 
and  the  line.  The  condenser  will  not  allow 
a  continuous  current  to  pass  through  it, 
because  its  resistance  to  such  a  current  is 
practically    infinite.     Since   the  condenser 
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chArgee  and  dischargee  very  slowly  when 
telegraph  signals  are  being  sent,  thereby 
causing  the  receiver  diaphragm  to  move  in 
and  ont  very  slowly,  the  rate  of  change  of 
the  current  in  the  receiver  is  not  great 
enoogh  to  cause  an  audible  sound. 

It  has  now  been  shown  that  the  telegraph 
signals  do  not  affect  the  tele- 
phone  receivers.  It  yet  remains 
to  be  shown  that  the  telephone 
currents  sent  from  one  end  will 
operate  the  telephone  at  the 
other  end  but  will  not  interfere 
with  the  telegraph  signals  sent 
from  either  end.  In  ordinary 
conversation,  the  average  fre- 
quency of  the  sound  waves  is 
at  least  300  complete  vibrations, 
or  periods,  per  second.  By 
talking  into  a  telephone  trans- 
mitter, therefore,  an  alternating 
electromotive  force  is  generated 
in  the  secondary  winding  of 
the  induction  coil,  the  average  frequency  of 
which  is  at  least  300  periods  per  second.  This 
rapidly  alternating  electromotive  force  will 
charge  and  discharge  the  condenser  Q,  which 
will  produce  in  the  line  wire  an  alternating 
current  similar  to  that  in  the  ordinary  tele- 
phone line.  In  Fig.  6  is  represented  a  current 
wave  such  as  might  be  produced  in  the  line 


produce  sound  waves.  One  vibration  is 
thus  superimposed  on  the  other,  and  the 
diaphragm  vibrates,  or  trembles,  very  rap- 
idly as  it  moves  slowly  in  and  out  as 
the  telegraph  current  slowly  increases  and 
decreases,  and  it  reproduces  the  words  spoken 
at  the  distant  transmitter,  but  the  telegraph 
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wire  by  the  simplest  sound  waves  having  a 
frequency  of  300  periods  per  second.  Let 
the  curve  A  in  Fig.  7  represent  the  slowly 
increasing  and  decreasing  telegraph  current, 
and  the  curve  B  the  rapid  alternating  tele- 
phone current.  In  the  line,  these  two  will 
be  superimposed  on  each  other,  producing  a 
resultant  curve  of  the  form  shown  at  C 

When  both  the  telephone  and  telegraph 
are  in  operation  simultaneously,  the  tele- 
graph current  causes  the  diaphragm  of  the 
receiver  to  move  in  and  out  through  a 
relatively  large  amplitude,  but  too  slowly 
to  make  any  sound.  At  the  same  time,  it 
will  vibrate  very  rapidly  through  a  very 
small  amplitude,  because  the  telegraph  cur- 
rent wiU  have  its  strength  very  rapidly  but 
very  minutely  increased  and  decreased  by  the 
telephone  current.  It  is  enough,  neverthe- 
less, to  increase  and  decrease  the  pull  of 
the  magnet  on  the  diaphragm  sufficiently  to 


current,  however,  produces  no  sound.  The 
question  might  arise  as  to  why  the  tele- 
phone current  does  not  go  to  the  ground 
through  the  telegraph  apparatus  at  the 
end  where  it  is  generated  and  interfere  with 
the  telegraph  signals,  instead  of  flowing 
through  the  long  line  wire  to  the  distant 
telephone.  In  the  first  place,  even  if  all 
the  telephone  current  did  go  through  the 
home  telegraph  apparatus,  it  would  not 
affect  the  signals,  for  the  telephone  current 
is  probably  less  than  y^  as  large  as  the 
telegraph  current,  and  its  effect  on  the 
relay  would  not  be  apparent,  as  is  evident 
from  curve  C,  Fig.  7.  Moreover,  practically 
the  whole  telephone  current  will  go  over 
the  line  and  through  the  distant  receiver, 
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Fig.  7 

for  the  following  reason:  It  is  a  well- 
established  fact  that  a  circuit  containing 
inductance  offers  more  opposition,  or  impe- 
dance,  as  it  is  called,  to  the  flow  of  an  alter- 
nating current  than  the  simple  resistance 
with  which  it  opposes  a  direct  current,  and 
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this  oppoBition  increases  very  rapidly  as  the 
freqaency  increases.  For  instance,  a  certain 
impedance  coil,  with  a  resistance  of  500  ohms 
and  an  inductance  of  8  henry  s  (for  a  current 
of  .013  ampere),  offers  an  impedance  of 
15,128  ohms  to  an  alternating  current  whose 
frequency  is  300  periods  per  second.  This 
impedance  is  over  30  times  as  large  as  the 
simple  resistance. 

The  impedance  of  the  ordinary  250-ohm 
secondary  coil  may  be  as  much  as  4  times 
its  resistance,  but  the  condenser  in  series 
with  it  tends  to  reduce  the  impedance  of 
this  circuit,  and  consequently  the  impe- 
dance of  the  telephone  circuit,  including  the 
receiver,  the  secondary  coil,  and  the  con- 
denser, is  probably  not  over  1,000  ohms. 
An  induction  coil  having  a  lower  resistance 
secondary  would  be  better  in  this  case.  In 
circuit  with  the  impedance  coil  there  is  also 
the  relay,  so  that  the  total  impedance  of 
the  apparatus  at  one  end  of  the  line  circuit 
shown  in  Fig.  2  is  probably  more  than  50 
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cuits.  If  a  complete  closed  magnetic  circuit 
of  good  soft  iron  is  used  for  the  impedance 
coils,  enough  turns  of  insulated  copper  wire  to 
make  50  ohms  have  been  found  to  be  suffi- 
cient for  each  coO.  The  condenser  in  the 
telephone  circuit  has  a  capacity  of  3  micro- 
farads; those  from  one  side  of  the  impedance 
coils  to  the  ground  have  a  capacity  of  6 
microfarads.  If  desirable,  an  ordinary  tele- 
phone annunciator  may  be  used,  as  shown 
at  Dj  station  S,  in  place  of  the  bell  shown 
at  station  i,  and  a  push  button  k  m^kj  be 
arranged,  as  shown  at  station  £,  to  short- 
circuit  the  secondary  winding  8  of  the  induc- 
tion coil  while  listening.  The  push  button  k 
must  be  released  while  talking.  This  push 
button  is  not  desirable,  because,  if  it  is  held 
closed  while  talking,  the  party  listening  at 
the  other  end  can  hear  nothing.  However, 
it  may  improve  the  working  enough  to 
warrant  its  use. 

The    push   I  is    arranged    to    normally 
short-circuit  the  generator  armature  to  cut 
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times  as  great  as  that  of  one  receiver  circuit. 
To  insure  more  satisfactory  results,  two 
impedance  coils  and  two  condensers  are 
generally  employed  at  each  end,  as  shown 
in  Fig.  5,  thus  compelling  practically  all  the 
telephone  current  to  pass  through  the  line 
and  the  distant  telephone  circuit,  because 
the  latter  offers  so  much  less  opposition  to  its 
passage  than  the  impedance  coils  and  relays. 

The  complete  arrangement  of  the  tele- 
graph and  telephone  apparatus  is  shown  in 
Fig.  8.  It  is  sometimes  advantageous  to 
connect  a  condenser  of  1  or  2  microfarads 
capacity  around  the  telegraph  key  and  relay, 
as  shown  by  the  dotted  lines  at  station  '£. 

This  figure  gives  a  complete  diagram  of 
connections  for  one  complete  metallic  tele- 
phone circuit  and  two  telegraph  circuits 
over  one  pair  of  line  wires,  the  ground  being 
used  as  a  return  for  the  two  telegraph  cir- 


its  resistance  out  of  the  circuit.  When  the 
generator  handle  is  turned  to  call  up  the 
distant  station,  this  push  button  should  be 
pressed,  in  order  to  open  the  short  circuit 
around  the  generator.  Most  generators  have 
an  automatic  device  that  accomplishes  the 
same  purpose  when  the  handle  of  the  gener- 
ator is  turned.  H  is  the  ordinary  hook 
switch.  When  the  receiver  is  on  the  hook, 
the  bell  and  generator  are  connected  across 
the  two  line  wires  through  the  condenser 
C„  the  circuit  containing  the  primary  wind- 
ing P  of  the  induction  coil,  the  trans- 
mitter jT,  and  the  transmitter  battery  ^i 
is  open,  and  the  circuit  containing  the 
receiver  TR  and  the  secondary  winding  S 
is  short-circuited.  When  the  receiver  is 
removed  from  the  hook,  the  bell  and  gener- 
ator are  short-circuited,  the  local  transmitter 
circuit  is  closed,  and  the  short  circuit  around 
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the  receiver  and  secondary  is  opened,  leav- 
ing this  latter  circuit  across  the  two  line 
wires  through  the  condenser  C,. 

This  method  for  the  simultaneous  trans- 
mission of  telephone  and  telegraph  messages 


over  the  same  line  was  originated  and  devel- 
oped by  Van  Rysselberghe,  an  official  of  the 
Belgian  telegraph  service,  and  is  known  as 
the  Van  Rysadberghe  method.  It  is  now  being 
used  both  in  Europe  and  in  this  country. 


CONSTRUCTING  A  SHEET-METAL  CUPOLA 


William  Neubecker 


Description    of    the   Work — Examination  op   the   Drawings — Locating   the   Seams. 
Laying  Out  the  Miter  for  the  Octagonal  Base  Mold 


THE  writer  will  endeavor  to  explain,  in  F^  (?,  H,  and  /; 
this .  article,  the  methods  employed  in  various  sections 
the  construction  of  a 
sheet-metal  cupola,  from 
the  time  the  architect's 
scale  drawing  is  received 
until  the  work  is  in  place 
on  the  building. 

The  first  step  is  to  thor- 
oughly study  the  design, 
so  that  we  may  know 
where  the  seams  had  best 
be  placed,  what  portions 
should  be  finished  com- 
plete in  the  shop,  and  how 
the  seams  and  joints  may 
be  constructed  in  order 
that  they  can  easily  be 
joined  or  soldered  at  the 
building.  Too  much  stress 
cannot  be  laid  upon  these 
considerations,  for  when 
the  work  has  been  care- 
lessly laid  out,  the  joints 
are  apt  to  come  in  such 
positions  that  it  is  diffi- 
cult to  join  or  solder 
efficiently,  while  a  little 
foresight  exercised  in 
locating  the  seams  would 
have  avoided  the  trouble 
and  loss  of  time. 

Let  the  design  shown  in 
Fig.  1  be  the  J-inch  ren- 
dered drawing  as  we 
have  received  it  from 
the  architect.  By  study- 
ing the  drawing,  we 
decide  that,  in  order  to 
make  a  good  job  and 
obtain  workable  joints  at 
the  building,  it  will  be 
necessary  for  us  to  locate 
the  building  joints  at  E,  Fio.  i 


and  that  we  will  finish  the 
in  the  shop  as  follows:  The 
base  /,  in  two  parts;  the 
columns  K,  JT,  K^  etc., 
complete;  the  cornice  X, 
in  two  parts;  the  paneled 
soffit  M  of  the  cornice, 
complete;  the  dome  jY,  to 
be  constructed  over  the 
sheathing  at  the  building; 
the  ribs  0  of  the  dome, 
in  two  parts;  the  lantern 
P  and  the  cross  iS,  com- 
plete. The  floor  S  of  the 
cupola  will  be  placed  over 
the  sheathing  at  the 
building. 

The  purpose  of  a  cupola 
is  usually  to  ornament  or 
complete  the  architec- 
tural treatment  of  a  build- 
ing, but,  on  occasions,  it 
also  provides  means  of 
ventilation.  The  "one 
with  which  we  are  treat- 
ing fulfils  the  latter  pur- 
pose by  means  of  an 
Emerson  ventilator,  the 
construction  of  which  will 
be  fully  described  as  we 
proceed. 

The  i-inch  scale  draw- 
ing was  sufficient  from 
which  to  make  a  pre- 
liminary study  of  the 
construction,  but,  if  it-  is 
possible,  a  drawing  to  a 
larger  scale  should  be 
secured  from  the  archi- 
tect, and  it  should  be  one 
showing  all  the  details  of 
the  ornamentation  and 
structural  features  of  the 
cupola.    Such  a  drawing, 
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made  to  a  1-inch  scale,  is  shown  in 
Figs.  2  and  3;  to  the  right  of  the  center 
line  is  shown  the  exterior  elevation, 
while  to  the  left  of  the  same  line  is 
shown  the  stractoral  details  of  that  sec- 
tion of  the  cupola.  In  order  to  farther 
elucidate  these  views,  the  half  plan  at 
the  top  of  Fig.  3  is  provided,  and  shows 
the  ventilator  and  the  6'^  X  ^^^  wooden 
uprights  that  run  up  inside  of  the  sheet- 
metal  columns  and  support  the  roof 
above.  It  will  be  noticed  in  this  plan 
that  the  architect  has  given  the  diam- 
eter of  the  ventilator,  2  feet  9  inches, 
and  that  the  wooden  uprights  are  spaced 
one  on  each  comer  of  the  octagon,  the 
sides  of  which  are  4  feet  from  the  center 
of  the  cupola. 

The  dimensions  given  in  these  several 
views  are  the  basis  of  all  our  measure- 
ments for  the  entire  cupola,  the  princi- 
pal measurements  in  the  plan  being  the 
distances  that  locate  the  centers  of  the 
columns;  the  heights  are  obtained  from 
the  elevations. 

In  Fig.  3,  let  A  A  represent  the  fin- 
ished slate  line  of  the  main  roof,  and 
7?  the  slated  portion  of  the  cupola  base 
shown  in  section 
at  C.  Before  lay- 
ing out  the  details 
for  the  base  mold- 
ing E,  shown  in 
section  at  F,  it  ia 
necessary  to  de- 
cide whether  it 
will  be  advisable 
to  first  slate  the 
baee  J?  and  then 
set  the  base  mold 
E  over  it,  or 
whether  it  would 
be  better  to  set 
the  base  mold 
first  and  slate  the 
lower  part  after- 
wards. In  the 
writer's  opinion, 
it  is  better  to  set 
the  base  mold 
first,  but,  as  cir- 
cumstances alter 
cases^both  meth- 
ods will  be  ex- 
plained. 

Stretch  a  piece 
of  drawing  paper 
on  the  drafting 
table  of  such  size 


Fig.  2 
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as  will  accommodate  a  fall-aized  drawing  of 
the  base  of  the  cupola.  With  a  scale,  meas- 
ure the  vertical  heights  of  all  the  members 
forming  the  base  Fy  Fig.  3,  marking  them  on 
a  small  slip  of  paper  and  transferring  them 
full  size  to  the  vertical  line  A  B,  in  Fig.  4.  At 
right  angles  to  AB^  and  through  the  points 
just  transferred,  draw  horizontal  dotted  lines, 
as  shown,  on  each  of  which  measure  off  the 
proper  projection,  likewise  obtained  from  the 
scale  section  Fy  Fig.  3,  the  measurements 
being  taken  from  the  line  a  h.  Through  the 
points  thus  obtained,  trace  the  line  CLE, 
which  will  be  the  fiill-sized  profile  for  the 
base  mold.  The  detail,  as  drawn,  would 
indicate  that  the  base  mold  would  be  first 
set,  the  lower  slating 
C,  Fig.  3,  being  put  in 
place  afterwards.  For 
this  reason,  a  groove 
1  inch  wide  has  been 
left  behind  the  drip, 
as  shown  at  X,  Fig.  4, 
which  allows  three 
i-inch  slates  to  pass  in 
easily.  If  the  base  of 
the  cupola  were  slated 
first,  the  lower  part  of 
the  base  mold  E  would 
be  formed  as  shown 
at  E\  Fig.  5,  and  fas- 
tened in  a  manner 
that  will  be  explained 
subsequently.  It  will 
be  noticed  that  a  lock 
is  placed  on  top  of  the 


JET/,  cutting  the  lines  of  the  angle  HFO  at 
JET  and  J.  With  Hsjid  I  as  centers,  and  with 
a  radius  greater  than  one-half  of  J?/, 
describe  arcs  intersecting  each  other  at  J. 
Draw  a  line  from  FtoJ,  extending  it  either 
way,  as  shown  by  KL, 

Having  bisected  the  angle  in  this  way,  di- 
vide the  profile  CDE  into  spaces,  as  shown 


Fie.  5 

by  the  small  figures  1  to  SI,  The  more 
spaces  used,  the  greater  the  accuracy  obtained 
in  the  pattern.  Parallel  toAB,  and  through 
the  sniall  figures,  drop  lines  intersecting  the 
miter  line  LK,  ob  shown.  At  right  angles 
to  the  vertical  line  A  B,  dn^w  the  horizontal 
line  MN,  upon  which  place  the  stretchout 
of  the  section  CDE,  as  shown  by  the  small 
figures  i  to  ^i  on  this  line.  At  right 
angles  to  MN,  and  from  the  small  figures. 


^r^/?o%T 


Fig.  4 


base  mold  at  C,  which  is  used  to  lock  in  the 
covering  of  the  fioor  e,  Fig.  3. 

The  next  step  is  to  obtain  the  miter  cut 
for  the  octagon  angle  of  the  base.  To  accom- 
plish this,  it  is  necessary  to  proceed  as 
follows:  Locate  any  point  on  the  line  A  B, 
Fig.  4,  as  F,  and  with  a  45°  triangle  placed 
against  the  vertical  line  A  B,  the  point  of  the 
triangle  being  at  F,  as  shown,  draw  the  line 
FO;HFO  will  be  the  angle  of  the  octagon. 
It  wiU  now  be  necessary  to  bisect  the  angle 
JET  i^O'  so  as  to  obtain  the  miter  line  in  plan. 
In  order  to  do  this,  set  one  leg  of  the  compass 
at  F,  and,  with  any  radius,  describe  the  arc 


draw  lines  intersecting  lines  of  similar  num- 
bers drawn  at  right  angles  to  ^1  ^  from  the 
intersections  on  the  miter  line  LK,  A  line 
traced  through  the  points  thus  obtained,  as 
shown  by  012  P,  will  be  the  miter  cut  for 
the  octagon.  Care  should  be  taken  to 
leave  about  a  2-inch  space  beyond  the 
extreme  points  of  the  miter  cut,  as  shown  at 
0,  which  allows  the  pattern  to  be  handled 
easily. 

When  the  molding  is  of  large  size  and  the 
drawing  board  does  not  admit  of  obtaining 
the  cut  as  just  described,  the  horizontal  line 
MN  is  laid  out  direct  on  a  strip  of  iron,  and 
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the  lines  drawn  at  right  angles  to  it;  then 
the  projectionB  are  obtained  by  measuring 
from  any  line,  as  T  [7,  to  the  miter  line  L  K, 
and  transferring  to  the  strip  of  metal.  The 
base  molding  in  this  instance  is  of  consider- 
able height,  as  shown  in  the  section  F,  Fig.  3, 


and  seams  most  be  provided,  which  are  best 
located  at  S,  S,  Fig.  4.  The  joints  or  laps  for 
these  seams  are  shown  at  S^  and  S*,  Fig.  6; 
when  made  in  this  manner,  the  water  is 
allowed  to  ran  over  the  seams,  and  not 
against  them. 


THE  DUTY  OF  STEAM  PUMPS 

G.  A.  Goodanough 

The  Mxaming  of  the  Tbbm  "Duty"— Duty  Based  on  Coal  CJonsumption— Duty  Based 
ON  Steam  Consumption — ^Duty  Based  on  the  Heat  UNrr  Supplied  to  Pump 


D 


UTY  is  a  term  used  in  estimating  the 
performance  of  a  pump  or  pumping 
engine.  In  a  certain  time,  say  an  hour 
or  a  day,  the  pump  raises  a  quantity  of 
water  through  a  certain  height,  and  thus 
performs  a  definite  amount  of  work.  To  do 
this  work,  the  pump  has  reodved  from  the 
boilers  a  certain  number  of  heat  units,  or  a 
number  of  pounds  of  steam ;  or,  if  the  boilers 
are  included  as  a  part  of  the  system,  the 
work  has  been  accomplished  at  the  expense 
of  a  quantity  of  coal.  The  pump  is  credited 
with  the  work  it  has  performed  in  the  stated 
time,  and  is  charged  with  the  number  of 
heat  units,  pounds  of  steam,  or  pounds  of 
coal  it  has  used  in  doing  the  work.  It  is 
plain  that  the  economy  of  the  pump  or 
pumping  engine  is  measured  by  the  ratio  of 
the  work  performed  to  the  steam  consumed 
or  the  coal  burned.  Thus,  if  one  pump  does 
50,000,000  foot-pounds  of  work  with  a  coal 
consumption  of  100  pounds,  and  another 
under  the  same  conditions  does  36,000,000 
foot-pounds  and  consumes  00  pounds  of  ooal, 
the  latter  is  evidently  the  most  economical, 
since  the  ratio  of  work  to  coal  consump- 
tion is  larger.  This  ratio  between  the  work 
obtained  from  a  pump  and  the  coal,  steam, 
or  heat  units  put  into  it  is  the  duty  of  the 
pump. 

When  the  duty  is  based  on  the  consump- 
tion of  coal,  it  is  customary  to  assume  100 
pounds  of  coal  as  the  fuel  unit;  that  is,  the 
duty  is  defined  as  the  number  of  foot-pounds 
of  work  performed  for  each  100  pounds  of 
coal  burned.  Expressed  as  a  formula, 
,  __  foot-pounds  X 100 
^^  "     pounds  of  coal 

Suppose,  for  example,  a  pump  raises 
130,000  pounds  of  water  a  height  of  60  feet, 
and  the  operation  requires  the  combustion 
of  25  pounds  of  coal.    The  duty  is 


130.000 ye0X.ig0  ^  31.200.000 foot.ponnd« 

per  100  pounds  of  coal. 

The  duty  based  on  the  coal  consumption  is 
of  practical  value,  as  it  gives  an  idea  of  the 
coal  required  by  a  pump  of  a  given  type  for 
the  performance  of  a  stated  quantity  of  work. 
It  is  dear,  however,  that  if  a  comparison  of 
the  merits  of  two  pumps  is  to  be  made,  the 
coal  must  be  of  the  same  quality  in  each 
case.  Further,  the  boilers  supplying  steam 
to  the  pumps  should  be  of  the  same  type,  or 
at  least  have  the  same  evaporative  capadty. 
This  is  a  point  of  great  importance.  One 
hundred  pounds  of  good  bituminous  or 
anthracite  coal  may,  under  frivorable  con- 
ditions, evaporate  1,000  to  1,100  pounds  of 
water;  that  is,  furnish  that  number  of 
pounds  of  steam  to  the  pump.  In  many 
cases,  however,  the  100  pounds  of  coal,  if  of 
inferior  quality  and  burned  under  a  poor 
boiler,  wiU  not  furnish  the  pump  more  than 
450  to  600  pounds  of  steam.  Under  such 
conditions,  the  duty  of  the  pump  would  not 
be  a  fiiir  indication  of  its  effidency,  and 
would  not  serve  as  a  satis&ctory  bads  for 
comparing  it  with  other  pumps. 

To  avoid  this  difficulty,  it  has  been  the 
custom  of  some  pump  makers  to  specify  that 
the  coal  consumption  shall  be  estimated 
on  the  suppodtion  that  a  pound  of  coal 
evaporates  10  pounds  of  water,  or,  in  other 
woids,  furnishes  10  pounds  of  steam  to  the 
pump.  To  make  this  clear,  suppose  that 
in  a  duty  trial  32,000  pounds  of  steam  were 
used  by  the  pump;  the  duty  of  the  pump 
would  be  calculated  on  the  assumption  that 
the  coal  consumption  was  32,000  +  10  = 
3,200  pounds,  though  5,000  pounds  might 
actually  have  been  used.  If  1  pound  of 
coal  is  assumed  to  furnish  10  pounds  of  steam, 
100  pounds  of  coal, will  furnish  1,000  pounds 
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Duty  = 


of  steam;  hence,  the  daty  may  be  defined  as 
the  number  of  foot-pounds  of  work  done 
by  the   pump   per   1,000   pounds   of  dry 
steam  supplied  to  it.    This  definition  may 
be  expressed  by  formula  as  follows: 
foot-pounds  X  1,000 
pounds  of  steam 
In  a  duty  trial,  a  pumping  engine  used 
8,100  pounds  of  steam,  and  lifted  7,920,000 
pounds  of  water  a  height  of  126  feet.    The 
work  done  by  the  pump  was  7,920,000  X  126 
=  997,920,000  foot-pounds.    The  duty  per 
1,000  pounds  of  steam  was 

?^-^^^^g<i^=123.200.000foot-p(Hmd». 

In  this  trial,  the  boiler  used  1,100  pounds 
of  coal;  hence,  the  duty  per  100  pounds  of 
coal  was 


997,920,000  X 100 
1,100 


=  90,720,000  foot-pounds. 


The  basis  of  1,000  pounds  of  dry  steam  is 
more  scientific  and  better  adapted  for  duty 
trials  than  that  of  100  pounds  of  coal,  but 
it  is  open,  nevertheless,  to  objections.  Not 
only  is  it  difficult  to  determine  the  exact 
weight  of  dry  steam  entering  the  pump,  but 
also  1,000  pounds  of  steam  at  160  pounds 
pressure  will  do  more  work  in  the  cylinder 
than  1,000  pounds  of  steam  at  60  pounds 
pressure.  If  scientific  accuracy  is  sought, 
the  pressure  of  the  steam  should  be  specified 
in  addition  to  the  weight. 

On  account  of  the  objections  to  the  exist- 
ing units,  The  American  Society  of  Mechan- 
ical Engineers,  in  1891,  decided  to  adopt  a 
new  basis  for  the  estimation  of  duty. 
Whether  the  furnace  consumes  100  or  200 
pounds  of  coal,  whether  the  steam  is  at  60 
or  160  pounds  pressure,  wet  or  dry,  the 
steam  cylinders  of  the  pump  or  pumping 
engine  receive,  in  a  given  time,  a  definite 
number  of  British  thermal  units.  We  have 
seen  that  if  each  of  two  pumps  is  allowed 
100  pounds  of  coal  to  do  a  certain  amount  of 
work,  one  of  the  pumps  may  be  at  disad- 
vantage on  account  of  the  poor  quality  of 
the  coal  or  the  inefficiency  of  the  boiler.    If 


each  is  allowed  1,000  pounds  of  dry  steam, 
there  may  be  an  inequality  because  of  a 
difierence  in  the  steam  pressure  in  the  two 
cases.  If,  however,  each  pump  is  furnished 
with  an  equal  number  of  heat  units,  each  has 
exactly  the  same  stock  in  trade,  and  the 
merit  of  each  pump  can  be  gauged  by  the 
use  it  makes  of  the  heat  units  furnished  it; 
that  is,  by  the  ratio  of  work  performed  to 
heat  units  supplied. 

If  a  pound  of  water  has  a  temperature  of 
212**,  it  requires  966.1  B.  T.  U.  to  change  it 
to  steam  at  atmospheric  pressure.  If  the 
water  has  originally  a  lower  temperature,  or 
is  converted  into  steam  at  higher  pressure, 
more  B.  T.  U.  are  required  to  accomplish 
the  change.  Roughly  speaking,  if  the  tem- 
perature of  the  feed  and  pressure  of  the 
steam  are  not  given,  about  1,000  to  1,100 
B.  T.  U.  are  equivalent  to  a  pound  of  steam. 
Therefore,  1,000  pounds  of  steam  are  equiv- 
alent to  about  1,000  X  1,000  =  1,000,000 
B.  T.  U. 

Looking  at  the  question  in  another  light, 
a  pound  of  good  coal  when  burned  produces 
about  13,500  to  14,000  B.  T.  U.  by  the  com- 
bustion. A  boiler  of  fairly  good  efficiency 
will  utilize  perhaps  10,000  of  these  13,500 
B.  T.  U.,  the  rest  being  lost  by  radiation, 
in  the  production  of  chimney  draft,  and 
in  other  ways.  From  100  pounds  of  coal, 
the  boiler  is  able  to  extract  100  X  10,000 
=  1,000,000  B.  T.  U.,  which  are  eventually 
given  up  to  the  pump.  It  thus  appears  that 
100  pounds  of  coal  and  1,000  pounds  of 
steam  are  each  approximately  equivalent 
to  100,000  B.  T.  U.;  for  this  reason,  the 
committee  of  The  American  Society  of 
Mechanical  Engineers  recommended  that 
the  new  basis  for  estimating  duty  should 
be  1,000,000  B.  T.  U. 

Using  the  heat-unit  basis,  the  formula  for 
duty  becomes: 

Ihit    —     foot-pounds  X  1,000,000 
^  ~~  B.  T.  U.  supplied  to  pump' 

The  heat-unit  basis  is  now  very  exten- 
sively used  in  this  country,  and  is  recom- 
mended in  preference  to  the  others. 


Digitized  by 


Google 


OLD-TIME  CONSTRUCTION 


F.  A.  Kaiser 


A  FEW  days  ago  the  estate  of  Judge  Wm. 
V.  B.  CroBkey,  of  Steubenville,  Ohio, 
tore  down  a  house  said  to  be  the  first 
brick  house  built  west  of  the  Ohio  River, 
and  probably  west  of  Pittsburg.    Thinking 
that  both  the  history  and  the  constructive 


The  bricks,  9 J  in.  X  3  in.  X  4}  in.,  which 
were  burned  on  the  spot,  are  still  in  perfect 
condition.  They  have  a  bright-red  color, 
and  the  mortar  adheres  to  them  so  firmly 
that  the  masons  now  at  work  echo  the  usual 
false  and  pessimistic  opinion  that   *'such 


features  of  this  building  might  be  of  interest 
to  your  subscribers,  I  send  below  a  brief 
description. 

Brice  Viers,  his  wife,  and  mother,  about 
1760,  were  among  the  first  settlers,  on  the 
spot  where  Steubenville  now  stands,  on 
the  west  bank  of  the  Ohio  River,  at  that 
time  the  *'  fjEu*  west."  He  established  there 
the  first  tan- 
nery, preparing 

the  skins  of  both  [• ^i' 

wild  and  domes- i'sguarc.^ 

tic     animals  *^ wk»nymmMm  ■ 

(with  occasion-  pio.  2 

ally  a  redskin), 

and  soon  became,  for  those  days,  a  man  of 
great  wealth.  In  1775,  one  year  before  the 
Declaration  of  Independence,  he  determined 
to  build  a  brick  house  for  the  protection  of 
his  wife  and  mother.  The  house  built  at 
that  time  was  one  and  one-half  stories  high, 
containing  two  rooms  and  a  sleeping  loft. 


^ 


material  can't  be  bought  nowadays."  The 
walls  were  18  inches  thick,  with  a  i-inch 
joint,  and  were  surmounted  by  hewn  plates 
4  in.  X  10  in. 

The  pitch  of  the  roof  was  2  to  1 ;  the  raft- 
ers were  hewn  from  oak  and  were  tapered, 
being  3  in.  X  9  in.  at  the  lower  end,  and 
3  in.  X  4}  in.  at  the  top,  where  they  met 
in  a  hinge  joint,  as  shown  in  Fig.  1,  and 
were  secured  by  an  oak  pin. 
At  the  bottom,  the  rafters 
rested  on  the  cap,  as  shown,  (J|;  y^\ 
and  were  fastened  with  hand-  |k  v" 
made  spikes,  shown  in  Fig.  2.  n^  .  ,^^  ^ 
The  roof  was  covered  with  te^T^ 
split-oak  lath  and  originally 
with  split  shingles,  though 
only  a  few  of  the  latter,  which 
were  covered  with  newer  ones, 
were  found. 

The  house  was  about  20  feet 
wide,  but  the  builders  seemed 
to  think  this  too  great  a  span 
for  their  oak  joists.  Acqprd- 
ingly,  a  12^^  X 14^''  hewn  timber,  about  30  feet 
long,  was  run  down  the  middle  of  the  house, 
the  ends  resting  on  the  foundation  walls,  and 


Fig.  4 


Fig.  5 


In  1806,  a  two-story  addition  was  built,  but 
the  original  structure  was  undisturbed  and 
was  copied  so  closely  in  the  addition  that  one 
description  will  apply  equally  well  to  both. 


in  this  were  framed  B^-'X©^"  joists,  as  in 
Fig.  3.  The  joists  were  nearly  all  badly 
split,  80  that  their  efiective  depth  was 
reduced  to  less  than  4  inches.    The  floor 
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Fig.  6 


irregalar. 


was  of  tongaed-and-gprooYed  oak  boards,  1 
inch  thick  and  from  3  to  6  inches  wide. 
Along  the  side  of  the  stair  wall,  in  the 
second  story,  there  ran  a 
1(K^X12'^  oak  timber. 
In  this,  S'^X^'^  atuds 
were  framed,  2  feet  apart, 
as  in  Fig.  4.  These  stnds 
were  covered  with  split- 
oak  lath,  about  !(  in.  X 
i  in.,  in  cross-section, 
4  feet  long,  and  very 
A  coarse  plaster  sand  surface 
formed  the  finish.  Arother  partition  con- 
sisted of  studs  to  which  oaken  boards  were 
nailed  on  each  side,  the  whole  being  covered 
with  linen  and  many  layers  of  paper. 

The  inside  finish  was  of  oak  and  walnut, 
some  of  it  handsomely  carved.  The  doors 
were  paneled,  and*  the  outside  one  reen- 
forced  by  heavy  oak  battens  secured  with 
long  nails  clinched  on  the  inside.  The  hinges, 
which  are  shown  in  Fig.  6,  were  of  iron,  2i 
feet  long  and  firmly  nailed  and  bolted. 
The  stairway  was  5  feet  wide,  and  so 
firmly  pinned  together 
that  it  had  to  be  entirely 
demolished  in  being  re- 
moved. The  treads  were 
12  inches  wide  and  the 
risers  were  8  inches  high. 
A  section  of  the  walnut 
hand  rail  is  shown  in  Fig.  6. 

Under  the  eaves  was  suspended  a  wooden 
gutter  of  the  section  shown  in  Fig.  7.  This 
gutter  was  made  of  pitch  pine  and  was 
badly   split    and    decayed.    Most    of   the 


Fig.  7 


timber  in  both  buildings  was  in  very  good 
condition,  the  only  exception  being  the  ends 
of  the  heavy  stringer,  Fig.  3,  which  were 
badly  rotted  where  they  rested  on  the 
foundation  walls. 

A  peculiar  bit  of  outside  finish,  shown  in 
Fig.  8,  illustrates  the  extreme  care  used  in 
all  the  work.  This  was  made  of  white  pine 
and  was  placed  along  the  eaves.  All  the 
ornaments  apx)ear  to  have  been  carved  with 
a  chisel,  though  many  of  the  smaller  pieces 
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are  fastened  on  with  nails.  .There  is  about 
eo  feet  of  this  finish,  and  all  is  in  fairly  good 
condition. 

To  Brice  Yiera  were  bom  in  this  house  six- 
teen children,  all  of  whom  reached  maturity. 
One  of  iheee  children,  Bazaleel  Viers,  the 
father  of  the  present  owner,  was  bom  and 
died  in  the  same  room.  A  cousin  of  his, 
Edward  Viers,  was  the  man  that  first 
employed  James  A.  Garfield  as  a  mule  driver 
on  an  Ohio  canal. 


LONG-DISTANCE  TELEGRAPHY 


THE  record  for  long-distance  practical 
telegraphing  was  broken  by  the  Asso- 
ciated Press,  on  April  26th,  1899.  A 
continuous  circuit  of  6,000  miles,  reaching 
from  New  York  City  to  the  Pacific  Coast, 
and  from  Chicago  to  New  Orleans,  touching 
Philadelphia,  Pittsburg,  Cincinnati,  Atlanta, 
Memphis,  St.  Louis,  Kansas  City,  Omaha, 
Denver,  San  Francisco,  and  all  the  larger 
intermediate  points  south  and  west,  was 
successfully  worked  for  several  hours. 


There  were  forty-one  operators  copying 
from  a  sender  in  New  York,  with  news- 
papers being  served  directly  from  this  one 
circuit  in  thirty-eight  of  the  leading  cities  of 
the  United  States. 

Longer  circuits  have  been  worked  for  short 
periods,  but,  OBfarsa  known,  this  record  has 
never  been  equaled,  considering  the  number 
of  operators  copying,  the  number  of  news- 
papers served,  and  the  territory  covered  by 
the  circuit 
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THRBB  U8BPUL  BLBCTRICAL  IDBA8 


Eleetrician 


A  lUETHOD  of  tapping  cord  to  obtain  a 
temporary  electric  current  is  shown  in  Fig.  1 ; 
b  and  1/  are  ordinary  pins  clamped  between 


and  from  this  it  is  easy  to  measure  the 
strength  of  any  current  by  using  a  new 
piece  of  foil  in  the  place  of  /  and  reducing 
its  width  until  it  Aises,  when  the  strength 
of  the  current  is  easily  estimated.  While 
this  method  is  not  as  accurate  as  a  good 


Pie. 


two  flat  pieces  of  wood  by  a  screw 
x;  the  pin  heads  are  soldered  to 
wires  m  and  m^.  The  method  of 
using  this  circuit  tapper  is  to  push 
the  pin  points  through  the  lamp 
cord  of  a  live  circuit,  when  cur- 
rent- is  obtained  from  m  and  m\ 
When  not  in  use,  the  pin 
points  are  inserted  in  a  common  cork, 
to  prevent  them  from  becoming  bent. 
Fig.  2  is  a  modification  of  the  same 
idea;  pins  e  and  e^  are  soldered  to  the 
terminals  of  an  incandescent  lamp  and 
inserted  in  the  lamp  cord  when  an 
extra  light  is  required  for  temporary 
use. 

Fig  3  shows  a  simple  arrangement 
for  measuringa  current  approximately ; 
^  is  a  piece  of  wood,  /  is  a  piece  of  tin- 
foil or  tinsel  paper.  Oannect  the 
wires  s  and  y  in  circuit  with  four 
incandescent  lamps,  of  16  candlepower 
each,  connected  in  parallel.  Each  of  these 
lamps  requires  about  i  ampere  on  a  110-volt 
circuit,  so  that  2  amperes  flow  through  the 
foil  /.     Now,  while  the  current  is  flowing. 


Fig.  4 

ammeter,  it  is  a  good  and  cheap  substitute 
for  one.  Figs.  4  and  5  show  an  incandescent- 
lamp  rheostat;  y  is  a  dry  board;  ib  is  a  bar 
of  metal,  f  in.  X  i  in.,  fastened  to  the  board; 
i  is  a  metal  ribbon  fastened  about  i  inch 
from  k.  The  incandescent  lamps  are  placed 
on  the  metal  ribbon  t  and  moved  up  against 
ik  80  as  to  complete  the  circuit  through 
the  lamps;  p  is  a  string  fastened  at 
one  end  to  the  board,  and,  passing 
over  the  lamps,  holds  them  in  posi- 
tion; n  is  a  weight  tied  to  the  string 
to  keep  it  taut;  v  is  the  apparatus  to 
be  connected  in  the  circuit.  The  cur- 
rent is  varied  by  varying  the  number 
of  lamps  in  circuit. 

PIRBPROOF  FLOOR  CONSTRUCTION 


EmU  O.  Perrot,  PhOaddpttia,  Pa. 


Fig.  2 


Thinking  that  the  following  descrip- 
tion of  securing  the  finishing  fioor  in 
a  building  to  the  steel  fioorbeams  would  be 
of  interest  to  some  of  your  readers,  I  send 


Fig.  8 

take  a  knife  and  reduce  the  width  of  / 
until  the  tin-foil  fuses.  This  will  be  the 
width  of  tin-foil  that  will  carry  2  amperes. 


Fig.  6 


the  same  for  publication,  should  you  con- 
sider it  worthy  of  a  place. 

With  the  almost  universal  use  of  steel  in 


355 


Digitized  by 


v^oogle 


356 


USEFUL  IDEAS 


the  construction  of  important  buildings, 
especially  in  fireproof  floor  construction,  it 
becomes  necessary  to  devise  adequate  means 
of  securing  the  top  flooring  of  wood  in  a 
permanent  way  to  the  floor  construction. 
There  are  several  different  methods  by 
which  this  has  been  done.  Some  of  these 
are  of  a  very  indifferent  nature,  and  should 
not  be  used.  Having  given  the  subject 
careful  attention,  and  thinking  that  my 
observations  might  be  of  service  to  those 
that  are  looking  for  a  substantial  method  of 
securing  the  top  flooring  of  the  building  to 
the  terra-cotta  and  steel  construction,  I 
offer  the  method  shown  in  the  accompany- 
ing sketch.  It  has  been  used  very  success- 
fully in  several  important  buildings,  and  has 


driven  into  the  sleeper  and  at  the  same  time 
form  a  hook  under  the  top  flange  of  the 
beam.  The  sleepers  are  placed  the  usual 
distance  apart,  in  order  that  the  floor 
may  be  securely  nailed  in  position.  By  this 
combination  it  is  impossible  for  top  floor- 
ing to  become  loose  or  spring  up  from  its 
original  position. 

A  GOOD  SCHBlfB,  BUT  NOT  PBRPBCT 


demonstrated  its  superiority  over  the  method 
of  embedding  trapezoid-shaped  sleepers  in 
the  concrete.  The  writer  once  visited  a 
very  modem  building  that  was  intended  to 
be  flreproof,  in  which  the  flnishing  flooring 
was  nailed  to  sleepers  embedded  in  the  con- 
crete as  mentioned  above.  Parts  of  the 
floor,  however,  were  badly  sprung  and 
entirely  out  of  place,  allowing  an  open 
space  between  the  floor  and  the  concrete, 
which  is,  of  course,  bad  in  4i*6proof  con- 
struction. The  reason  for  this  may  be 
that  the  sleepers,  shrinking  in  the  grooves 
formed  in  the  concrete,  offered  considerable 
play  for  the  flooring,  or  possibly  the  con- 
crete was  very  indifferently  and  loosely 
rammed  between  the  sleepers,  thereby 
forming  no  key.  The  method  herein  rec- 
ommended makes  use  of  the  steel  beams 
for  securing  the  sleepers,  no  dependence 
being  placed  on  the  concrete  fllling  to  hold 
the  sleepers  in  position.  As  will  be  noticed 
in  the  sketch,  small  iron  S  hooks,  as  they 
are  styled,  are  made  of,  say,  f^^-inch  square 
or  round  iron,  pointed  on  one  end,  and  hav- 
ing the  stems  turned  at  right  angles  to  each 
other  in  such  a  manner  that  they  can  be 


Ed.  I.  Noble,  ScranUm,  Pa, 

I  WAS  much  struck  with  the  novel  blue- 
print frame  as  described  by  E.  Percy  Lea,  of 
Mexico  City,  in  the  columns  of  the  April 
issue.  At  the  time  of  reading  this,  I  had 
considerable  blueprinting  to  do,  and  not 
possessing  a  frame  of  sufficient  size,  I  con- 
cluded to  try  the  device  that  he 
describes.  It  worked  very  suc- 
cessfully, and  there  was  but  one 
objection  to  it,  which  was  that, 
though  it  did  not  interfere  with 
its  practical  usefulness,  it  did 
not  produce  a  blueprint  of  good 
appearance.  When  the  bent 
surface  of  the  cardboard  with 
the  tracing  and  blueprint  upon 
it  was  exposed  to  the  sunlight, 
there  was  a  certain  portion  of 
the  curve  in  high  light,  while 
other  portions  were  in  the  shade. 
This  produced  unequal  expo- 
sure, and,  consequently,  on  washing  the  blue- 
print I  found  that  the  portion  subjected  to 
high  light  was  of  a  good  deep  blue,  while  that 
in  the  shade  was  somewhat  whitish  in  appear- 
ance^ The  entire  print  was,  however,  per- 
fectly legible,  and  I  heartily  thank  Mr.  Lea 
for  the  suggestion. 

A  RULING  AND  BRA8ING  8HIBLD 


D.  J.  Kelsey,  New  Haven,  Conn. 


Like  all  other  draftsmen,  I  have  had 
troubles  of  my  own  where  it  became  neces- 
sary to  erase  part  of  a  drawing,  it  being 
very  difficult  to  erase  with  a  rubber  without 
disturbing  lines  adjacent  to  the  one  to  be 
erased.  I  then  tried  a  metallic  erasing  shield, 
which,  though  it  worked  very  well  indeed, 
was  still  objectionable  on  account  of  the 
difficulty  of  placing  it  correctly  over  the  line 
to  be  erased.  The  idea  then  struck  me  that 
if  it  could  be  made  of  transparent  material, 
it  would  be  just  the  thing  for  a  busy  man. 
After  some  experiments,  I  determined  that 
transparent  celluoid  would  be  most  satisfoc- 
tory.  Constant  use  proved  its  value.  About 
this  time  it  occurred  to  me  to  form  the 


Digitized  by 


Google 


USEFUL  IDEAS 


367 


erasiDg  shield  in  the  most  useftil  article  in  a 
draftsman's  outfit,  viz.,  the  triangle.  After 
considerable  thought,  I  made  a  triangle  as 
shown  in  the  accompanying  illustration.  By 
using  the  edges,  which  make  angles  as 

marked  in  the 
corners,  either 
alone  or  in  con- 
junction with 
lines  ruled  on 
the  under  sur- 
face, I  can  ob- 
tain every  fifth 
degree  of  a  right 
angle,  with  the 
exception  of  25® 
and  65^  This 
makes  it  a  very 
handy  instru- 
ment for  the 
draftsman  and 
anybody  else 
that  has  occasion  to  make  mechanical,  archi- 
tectural, or  other  drawings.  It  is  handy  for 
such  work  as  drawing  square  and  hexagonal 
boltheads,  screw  threads,  coil  springs,  teeth 
of  worms  and  racks,  friction  cones,  gibs, 
tapers  on  hubs  and  bosses,  die  blocks,  key 
ends,  etc.  Having  had  numerous  calls  from 
my  friends,  after  making  a  number  by  hand, 
I  finally  decided  to  make  them  by  machinery, 
and  am  thus  enabled  to  furnish  one  to  any 
one  that  has  use  for  this  instrument,  at  the 
low  price  of  35  cents.  I  am  also  making 
them  with  a  removable  groove  at  a  price  of 
45  cents,  thus  allowing  a  new  groove,  at  a 
price  of  5  cents,  to  be  inserted  when  the 
old  one  is  worn  out,  which  in  ordinary 
work  win  be  in  about  three  years.  The  90® 
side  of  this  device  is  about  5  inches  long. 


A  NOVBL  DOWEL  CUTTBR 


Elmer  H.  Kctrp,  Chicago,  HI. 


I  HERE  submit  to  the  readers  of  Science 
AND  Industtry  a  method  of  making  a  cheap 
dowel  cutter.  Take  a  piece  of  hard  wood 
about  5i  in.  X  3  in.  X  3  in.,  and  bore  a  hole 
in  it  the  size  of  the  dowel  desired,  or  a  little 
larger,  and  cut  it  to  the  shape  shown  at  (a). 
After  the  block  is  shaped,  take  an  old  plane 
iron  and  round  oft  one  corner,  sharpening  it 
and  £ei6tening  to  it  the  block  by  means  of  a 


screw  and  washer,  as  shown.  The  Uble  may 
be  made  somewhat  larger  at  the  right-hand 
side,  so  as  to  admit  the  rough  piece  of  wood 
that  is  to  be  worked.  Secure  another  piece 
of  wood  and  cut  a  square  hole  in  it  slightly 
larger  than  the  dowel.  Fasten  this  piece  to 
the  face  plate  and  put  it  in  the  lathe  as 
shown  at  ( &) .  Care  should  be  taken  to  have 
the  hole  exactly  in  the  center. 

The  pieces  of  wood  from  which  the  dowels 
are  to  be  cut  are  square  and  about  1  foot 
long,  the  dimensions  of  the  section  being 
the  same  as  that  of  the  square  hole  cut  in 
the  block  secured  to  the  face  plate.  Cut  off 
the  comers  at  one  end  of  the  piece  and 
insert  the  square  end  in  the  hole  in  the 
wood  on  the  face  plate,  putting  the  other 
end  in  the  dowel  cutter  already  made. 
Holding  the  cutter  in  your  hand  in  line 
with  the  lathe  centers,  start  the  lathe  and 
move  the  cutter  toward  the  face  plate.    The 
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dowel  thus  made  will  be  found  to  be  all  that 
is  desired,  and  when  you  have  this  apparatus 
once  rigged  up,  dowels  can  be  turned  out 
rapidly  and  cheaply. 
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ILLUSTRATBD  TlifB  BOOK 


That  yery  enterprifling  firm,  Hamilton 
Garbartt  &  Ck>.,  Detroit,  Mich.,  the  celebrated 
manoflactarers  of  union-made  clothing,  are 
giTing  with  their  advertiaing  literature  a 
handsome  time  book.  They  will  be  pleased 
to  send  this  time  book  free  to  any  of  onr 
readers  sending  their  name  and  address. 

THB  CROSS  OIL  PILTBR 


Thb  new  power  plant  of  the  electric  street- 
railway  company  of  the  City  of  Mexico, 
which  is  the  finest  in  that  coontry,  has  been 
installed  entirely  with  American  machinery, 
and  the  oiling  S3r8tem  in  use  is  that  of  the 
Burt  Mannfactoring  Company,  of  Akron, 
Ohio,  manufRctorers  of  the  celebrated  Gross 
oil  filter.  

THB  BR1C880N  SBRIB8  OP  TBLBPHONB 
INPORifATION 

Thb  Ericsson  Telephone  Company,  296 
Broadway,  New  York,  have  recently  brought 
outPart 3  of  ''The  Ericsson  Series."  It  con- 
tains some  information  on  induction  coils 
and  on  the  history  and  use  of  telephones  in 
Norway  and  Austria  that  should  prove  very 
interesting  to  electricians  and  telephone 
people.  Any  one  sending  their  name  and 
address  to  the  Ericsson  Telephone  Com- 
pany will  receive  a  copy  free  of  chaige  by 
return  mail. 

THB  STANDARD  TOOL  COMPANY 

Thb  latest  catalogue  of  The  Standard  Tool 
Company,  Cleveland,  Ohio,  manu&cturers 
of  twist  drills,  reamers,  sockets,  drill  chucks, 
etc.,  has  been  received.  This  catalogue  rep- 
resents a  new  departure  in  that  all  descrip- 
tive matter  is  printed  in  three  languages, 
viz.,  English,  French,  and  German.  Evi- 
dently, this  company  does  not  intend  to  fol- 
low the  only  too  common  policy  of  sending 
catalogues  printed  in  the  English  language 
to  foreign  countries — a  policy  that  can 
scarcely  be  said  to  be  especially  adapted 
to  the  securing  of  foreign  trade. 

MAJOR'S  CBMBNT 

It  is  hardly  necessary  to  say  anything 
about  Major's  cement — everybody  knows 
what  it  is  and  how  it  sticks;  but  it  is  not, 
perhaps,  so  generally  known  that  in  addition 
to  the  regular  article,  there  is  also  Major's 
rubber  cement  and  Major's  leather  cement. 


We  are  informed  by  Mr.  Major  that  one  of 
the  reasons  for  the  success  of  his  cement  is 
that  he  uses  the  best  materials  known, 
regardless  of  cost;  in  &ct,  he  states  that  one 
of  ihe  elements  of  his  cement  costs  $3.75  per 
pound  and  another  $2.65  per  gallon.  Henoe 
the  moral,  "  Insist  on  having  Major's;  don't 
accept  any  off-hand  advice  from  the  drug- 
gist," seems  to  be  particularly  applicable  in 
this  instance. 


THB  BRWIN  8TBAM  RAM 

Wb  have  received  the  catalogue  of  the 
Erwin  steam  rams  from  the  Penberthy 
Injector  Company,  Detroit,  Mich.  These 
rams  are  well  adapted  for  elevating  water 
for  apartment  buildings,  residences,  summer 
resorts,  hotels,  factories,  farm  use,  stock 
yards,  railroad  tanks,  mining  and  irrigation 
purposes,  etc.  They  are  built  with  capacities 
from  400  to  8,000  gaUons  per  hour,  forcing 
water  to  a  height  of  60  feet,^and  are  suitable 
for  tubular  or  other  wells,  and  for  raising 
water  from  cisterns,  lakes,  or  streams.  The 
small  dimensions  of  this  steam  ram,  and  the 
amount  of  work  it  will  do,  coupled  with  its 
light  weight  and  durability,  make  it  avaO- 
able  for  many  places  and  purposes.  Judging 
by  the  large  number  of  testimonials  frtxm 
users,  they  have  proved  very  satis&ctory 
wherever  used.  The  catalogue  will  be  sent 
free  on  application  to  the  buUders. 

WORCB8TBR  POLYTBCHNIC  IN8TITUTB 

The  catalogue  of  the  Worcester  Polytech- 
nic Institute  contains  much  information  of 
interest  and  value  to  all  that  are  contem- 
plating entering  one  of  the  engineering  pro- 
fessions. The  residences  and  occupations  of 
all  living  graduates,  nearly  eight  hundred  in 
number,  are  shown,  and  it  is  interesting  to 
note  that  they  are  scattered  over  the  civil- 
ized world,  engaged,  almost  without  excep- 
tion, in  mechanical,  civil,  electrical,  or 
chemical  engineering,  for  which  they  were 
trained  at  the  institute.  Many  of  them  fill 
places  of  great  importance  and  responsi- 
bility. The  remarkable  growth  in  all  engi- 
neering and  industrial  operations  that  has 
taken  place  during  the  past  few  years  has 
greatly  increased  the  demand  for  young 
men  educated  in  technical  schools.  The 
Worcester  school  was  one  of  the  earliest  of 
its  kind  established  in  this  or  any  other 
country.     It  has  constantly  added  to   its 
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equipment  and  enlarged  its  facilitieB  so  as 
to  be  able  to  meet  the  more  exacting  require- 
ments of  the  present  time.  As  a  result,  the 
demand  for  its  graduates  is  now,  and  has 
been  for  some  time,  much  greater  than  the 
supply,  many  members  of  the  class  to  be 
graduated  in  June  having  already  reoeiyed 
appointments  to  desirable  positions. 

THE  CORNISH  PIANOS  AND  ORGANS 


Owing  to  sharp  competition  in  every  line 
of  business,  it  is  the  tendency  of  manufac- 
turers today  to  reduce  expenses  wherever 
possible,  in  order  to  be  able  to  meet  compe- 
tition and  still  make  a  fair  profit  on  the 
capital  invested.  There  are  two  ways  of 
reducii^  expenses,  which  may  concisely  be 
called  the  right  way  and  the  wrong  way. 
Of  these,  the  latter,  which  usually  takes  the 
form  of  reducing  the  wages  of  the  employes, 
is  the  one  more  commonly  adopted.  With 
it  naturally  comes  a  train  of  evils:  dissatis- 
fied workmen,  slighted  workmanship,  a 
lowering  of  the  quality  of  goods  with  con- 
sequent dissatis&ction  of  the  buyers,  and, 
sooner  or  later,  fiulure.  The  right  way  of 
reducing  expenses  is  to  cut  off  all  unneces- 
sary expenses.  Very  few  people  indeed, 
outside  of  those  engaged  in  manufacturing, 
know  what  an  enormous  percentage  of  the 
actual  cost  of  goods  the  selling  expenses 
constitute.  Expensive  warerooms,  high- 
salaried  salesmen,  storage  charges,  insurance 
premiums,  etc.  often  make  the  price  that 
has  to  be  charged,  in  order  to  make  a  fair 
profit,  double  the  original  cost  of  producing 
the  article.  Then,  a  reduction  of  selling 
expenses,  one  that  will  not  decrease  sales, 
will  allow  either  one  of  two  things  to  be 
done:  first,  it  will  allow  a  superior  article 
to  be  produced  for  the  same  selling  price; 
or,  second,  it  will  allow  a  grade  equal  to  the 
former  grade  to  be  sold  for  less  money. 

The  right  way  here  enumerated  has  been 
adopted  by  Cornish  &  Ck>.,  manufacturers 
of  American  pianos  and  organs.  They  are 
located  at  Washington,  N.  J.,  alongside  the 
tracks  of  the  Delaware,  Lackawanna,  and 
Western  Railroad.  More  than  25  years  ago 
they  adopted  the  '^from-factory-to-£unily" 
plan,  selling  and  shipping  direct  from  the 
factory  to  the  consumer,  thus  eliminating 
the  expenses  of  the  middleman  and  reducing 
the  selling  expenses  to  a  minimum.  When 
they  first  commenced  business,  they  sold 
pianos  and  organs  at  the  rate  of  $5  a  month 
to  schools,  churches,  etc.  Owing  to  the 
adoption  of  the  mail-order  plan,  their  busi- 
ness grew  so  rapidly  that  their  average  sales 


are  now  1,000  instruments  a  month.  The 
only  branch  o£Sce  this  concern  has  is  located 
in  London,  England. 

Cornish  <&  C^.  warrant  every  instrument 
for  25  years,  allowing  a  buyer  to  try  his 
instrument  for  30  days  or  for  a  year,  as  pre- 
ferred. If  unsatisfactory,  the  buyer  himself 
being  the  judge,  he  may  return  it  at  the 
expense  of  the  company,  when  they  offer 
to  return  any  money  that  has  been  paid, 
with  interest  at  6  per  cent.  This  guarantee 
shows  the  confidence  of  the  company  in  the 
excellence  of  their  products. 

In  a  profusely  illustrated  catalogue,  all 
the  fifty  different  pianos  and  organs  are  de- 
scribed at  length.  This  catalogue  will  be 
sent,  free  of  charge,  by  the  makers  to  any 
one  applying  for  it.  The  prices  of  the 
organs  range  from  $25  to  $125;  the  pianos, 
from  $155  to  $295. 


BOOK  NOTICES 


The  Elbmbntb  of  Ai/tebnating  Cubbsnts. 
Bv  W.  S.  Franklin  and  R.  B.  Williamson. 
The  Macmillan  Company,  New  York.  212 
pages.    Price,  $1.75. 

''Nature,''  the  leading  English  sdentiflc 
journal,  has  a  brief  review  of  tiiis  book  in  its 
issue  of  April  19,  1900,  from  which  we  make 
the  following  extract: 

''  In  this  book  wiU  be  found  a  very  fedr 
rdsum^  of  the  theory  and  practice  of  alter- 
nate-current working,  and  of  the  modem 
developments  associated  with  the  useof  poly- 
phase currents  and  the  induction  motor. 
*  *  *  The  comments  upon  the  practical 
aspect  of  each  question  taken  up  are  of  great 
value,  especially  to  readers  in  this  country, 
where  experience  with  polyphase  currents  is 
limited  to  some  half  dozen  installations  of 
but  few  months  standing.  *  *  *  Much 
information  is  to  be  found  in  this  book  in 
small  compass,  and  it  will  prove  of  value 
to  engineers  engaged  in  alternate-current 
practice.'* 

Messrs.  Franklin  and  Williamson  have 
treated  the  subject  with  highly  commenda- 
ble conciseness,  and  at  every  point  have  kept 
in  mind  the  practical  engineering  applica- 
tions. The  value  of  the  book  is  very  much 
enhanced  by  an  abundance  of  most  excellent 
graphical  constructions.  Mr.  R.  B.  William- 
son, one  of  the  authors  of  thebook,  is  professor 
of  electrical  engineering  in  The  International 
Correspondence  Schools,  of  Scranton,  Pa. 

OuB  New  Pbospebity.  By  Ray  Stazmard 
Baker.  Published  by  Doubleday  &  McClure 
Company,  New  York.    Price,  cloth,  $1.25. 

A  witty  Western  writer,  summing  up  the 
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marvels  of  growth,  expansion,  and  prosperity 
of  the  year  1899  in  the  United  States,  made 
this  his  telling  climax:  ''And  every  bam  in 
Kansas  and  Nebraska  has  had  a  new  coat  of 
paint.''  Sach  is  the  opening  sentence  of  a 
book  that  every  patriotic  American  that 
glories  in  the  progress  and  prosperity  of  his 
country  ought  to  have  and  read;  it  will 
prove  a  revelation  to  him.  The  book  is 
freely  illustrated  with  diagrammatic  pic^ 
tures  that  serve  to  bring  out  more  forcibly 
the  statistical  facts.  We  understand  that 
the  figures  given  are  thoroughly  reliable, 
Mr.  Baker's  investigations  having  been 
checked  by  high  authorities.  The  book  is 
well  written  and  is  very  entertaining  reading. 

Thb  TxcitNic  OF  Mechanical  Drawing. 
A  practical  guide  to  neat,  correct,  and  legible 
drawing.  By  Charles  W.  Reinhardt.  The 
Engineering  News  Publishing  Company, 
New  York.    Price,  $1.00. 

This  is  a  book  8  in.  X  H  in-v  in  which  the 
writer  has  endeavored  to  give  the  busy 
draftsman  common-sense  directions  on  the 
execution  of  a  good,  legible,  and  neat 
drawing.  Since  the  book  is  intended  for 
people  conversant  with  the  principles  of 
mechanical  drawing,  none  of  the  elementary 
exercises  are  given.  The  book  is  divided 
into  eight  chapters:  general  instructions, 
outlining,  outline  shading,  section  lining, 
curved-surface  shading,  shading  of  inclined 
surfaces,  map  drawing,  and  character  and 
finish.  The  text,  which  is  illustrated  by 
numerous  well-chosen  figures,  is  followed 
by  10  plates  giving  examples  of  properly 
executed  drawings.  It  is  apparent  that  the 
writer  has  had  considerable  practical  experi- 
ence in  the  production  of  neat  and  legible 
drawings,  for  without  this  experience  in  com- 
mercial work,  it  would  have  been  impossible 
to  have  produced  a  book  so  fall  of  valuable 
information  from  cover  to  cover  as  this  one. 
It  should  prove  of  value  to  any  draftsman, 
and  be  a  valuable  aid  to  any  beginner. 

Thr  Gas  Engine  Handbook.  A  manual 
of  useful  information  for  the  designer  and 
engineer.  By  E.  W.  Roberts,  M.  E.  Price, 
in  flexible  cloth,  $1.00;  in  leather,  $1.25. 
The  Gras  Engine  Publishing  Co.,  Cincinnati, 
Ohio. 

The  great  interest  that  the  rapid  develop- 
ment of  the  gas  engine  and  its  application 
has  aroused  among  engineers  and  power 
users  has  created  a  demand  for  practical 
information  regarding  the  construction  and 
operation  of  recent  American  types  of  this 
motor.  To  meet  this  demand,  the  little 
book  before  us  was  prepared.  It  furnishes, 
in  a  small  space,  just  the  kind  of  informa- 


tion that  the  buyer  and  user  of  a  gas  engine 
wants  and  finds  most  difficult  to  obtain. 
No  attempt  is  made  to  advertise  any  make 
of  engine;  consequently,  the  book  is  entirely 
void  of  material  with  the  earmarks  of  engine 
builders'  catalogues  that  helps  to  fill  the 
pages  of  many  so-called  books  for  engineos, 
but  adds  so  little  to  their  practical  vidue. 

In  addition  to  the  practical  information 
for  the  use  of  gas-engine  buyers  and  runners, 
several  chapters  are  devoted  to  rules  and 
formulas  for  the  design  of  details.  Most  of 
these  rules  and  formulas  are  empirical; 
being  based  on  the  practice  of  successful 
builders,  however,  they  will  serve  a  useful 
purpose  for  those  designers  that  have 
nothing  better  on  which  to  base  their  work 
than  a  theoretical  knowledge  of  the  subject 
of  the  gas  engine,  combined  with  experience 
in  the  design  of  other  types  of  machinery. 

Compound  Engines.  A  series  of  lectures 
bv  F.  R.  Low;  reprinted  from  the  colunoins 
01  "Power."  The  Power  Publishing  Com- 
pany, New  York.  Flexible,  cloth;  price, 
50  cents. 

This  is- a  neat  pamphlet  of  52  pages,  in 
which  the  theory  of  compound  engines  is 
explained  in  such  a  manner  that  it  can 
readily  be  understood  by  the  practical  steam 
engineer.  The  only  fault  we  can  find  with 
it  is  that,  in  the  efibrt  to  make  it  appeal  to 
practical  men,  the  author  frequently  uses 
the  word  "power"  as  synonymous  with 
' '  work. ' '  Thus,  on  page  3,  power  is  wrongly 
defined  as  "force  exerted  through  space." 
In  our  opinion,  such  looseness  in  the  use  of 
technical  terms,  while  perhaps  pardonable 
on  account  of  the  good  intention,  neither 
adds  to  the  value  of  a  technical  publication 
nor  contributes  to  a  better  understanding  of 
the  subject. 

In  order  to  properly  present  the  subject, 
it  is  introduced  by  a  brief  but  comprehensive 
outline  of  the  laws  underlying  the  expansion 
and  expansive  working  of  steam,  which  is 
followed  by  an  explanation  of  the  gain  in 
economy  due  to  compounding.  A  discussion 
of  the  ratio  of  expansion  suitable  for  maxi- 
mum economy  is  presented  next.  The  com- 
bining of  diagrams  from  compound  engines 
is  explained  in  the  succeeding  chapter  in  a 
very  clear  manner,  and  is  followed  by  a 
discussion  of  receivers  for  tandem  and  cross- 
compound  engines.  The  pamphlet  deals 
entirely  with  the  theory  of  compound  en- 
gines, no  attempt  having  been  made  to  dis- 
cuss their  construction.  It  should  prove  of 
value  to  the  student  as  well  as  to  the  run- 
ning steam  engineer. 
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NoTB.— ^ddrest  atf  UXben  containing  questions  to  be 
answered  in  this  department  to  Scikncb  and  Ikdx78TBY» 
Scranton,  Pa. 

1.  IHU  this  address  both  on  the  envelope  and  at  the 
head  qf  the  letter, 

t.  OfUy  questions  qf  general  interest  to  our  readers 
wiU  be  answered, 

5.    Ho  questions  will  be  answered  by  mail, 

U»  J)rawlng8  or  sketches  aoeompanytng  questions  should 
be  made  on  a  separate  sheet  <tf  paper,  and  should  be 
drawn  as  dearly  as  possible, 

5.  The  names  and  addresses  qf  the  writers  must 
aceompany  the  letters^  or  no  attention  wHl  be  paid  to 
them.  Unless  otherwise  requetied,  we  will  publish  only 
the  inmals  and  address  of  the  writer. 

6.  R^erence  to  inquiries  previously  ansufered  should 
give  date  qf  issue  and  number  qf  question. 

7.  Questions  oanjwt  be  answerei  in  the  issue  qf  the 
month  immediately  following  their  reeeipL 

8.  Any  book  not  out  qf  print  and  for  sale  by  regular 
dealers  may  be  ordered  through  the  magazine. 

9.  We  wOl  not  undertake  to  calculate  windings  of 
dynamos  and  motors,  as  this  involves  considerable  v>orh 
and  is  sddom  justified. 


aci< 


'311)  (a)  GlYO  a  simple  method  of  teating  oil  for 
Ids,  and  iilao  for  its  lubricating  qualities.  (6)  Is 
there  a  sliirple  msthod  of  testing  bituminous  coal? 
(c)  Can  you  ftimish  a- recipe  for  case-hardening  that 
will  give  colors  such  as  appear  on  the  breeoh  blocks 
of  rifles?  id)  Give  a  recipe  for  gluing  leather  on 
smooth  iron  faces,  tapered -as  in  mction  clutches. 
C.  M.  G.,  St.  Hyadnthe,  Can. 

Ans.— (a)  To  determine  acidity,  pour  a  few  drops 
of  the  oil  into  shallow  depressions  in  a  brass  or  cop- 
per plate  and  heat  It  to  120^  or  140^  F.  for  a  few  hours. 
If  the  oil  COD  tains  add,  a  green  luster  appears,  which 
is  especially  perceptible  on  the  edge  of  the  oil.  By 
heating  the  oil  for  a  longer  time  the  tendency  of  the 
oil  towards  acidity  may  be  recognized  by  the  degree 
of  the  green  coloration,  which  becomes  constantly 
more  pronounced.  The  value  of  lubricating  oil  is  in 
inverse  ratio  to  its  tendency  to  thicken  or  even 
become  solid  at  low  temperatures,  and  it  is  rated 
accordingly.  Expose  the  samples  of  oil  in  test  tubes 
in  an  iee  chest;  the  sample  that  thickens  the  least 
is  the  beet  lubricant.  (6)  You  do  not  state  for  what 
purposes  you  want  to  test  the  coal,  whether  for  a 
chemical  analysis  or  for  its  heating  value,  etc.  We 
would  recommend  Stillman's  "Engineering  Chem- 
istry," price  $4.50,  in  which  you  will  find  all  the  nec- 
essary tests  of  coal  and  oil  thoroughly  described. 
This  book  may  be  purchased  firom  The  Technical 
Supply  Co.,  Scranton,  Pa.  (e)  Put  the  articles  in  an 
iron  box,  packing  them  in  bone  dust  mixed  with 
scraps  of  old  leather,  such  as  old  belting,  shoes,  etc. 
Close  the  box  and  make  all  Joints  air-tight  with 
fireclay;  then  heat  the  box  and  keep  it  at  a  red  heat 
for  ftom  S  to  10  hours,  according  to  the  depth  to  which 
the  articles  are  to  be  case-hardened.  Next,  dump 
all  the  contents  of  the  box  in  clear  water.  The 
articles  should  be  highly  polished,  and  should  be 
perfectly  ftee  ftom  grease  before  they  are  packed 
in  the  box.  (d)  Apply  a  coat  of  lead  paint,  either 
white  or  red,  to  the  iron.  When  dry,  cover  the 
coat  of  paint  with  a  cement  prepared  as  follows: 
Soak  glue  of  the  best  quality  in  cold  water  until  soft, 


then  dissolve  it  in  vinegar  at  a  moderate  heat;  add 
one-third  of  its  volume  of  white  oil  of  turpentine, 
and  after  thoroughly  mixing,  apply  the  cement 
while  warm  with  a  brush,  and  press  the  leather  on  it. 

**« 

(812)  Please  explain  the  best  way  to  telegraph 
and  telephone  over  the  same  line  wire,  and  give  a 
diagram  of  connections.  A.  8.,  Chester,  111. 

Ams.— This  question  is  too  long  to  answer  here,  but 
a  full  description  of  one  method,  with  diagrams,  is 
given  in  an  article  elsewhere  in  this  issue. 

(318)  Explain  how  to  transfer  designs  from  paper 
to  quicksilver,  and  the  mode  of  add-proofing. 

W.  A.  B..  Melrose  Park,  111. 

Ams.— YdU  will  find  this  question  answered  in 
Answers  to  Inquiries,  No.  87,  of  the  March,  1900,  issue. 

(814)  Will  you  inform  me  where  I  can  purchase  a 
device  for  cooling  sterilised  water?  I  have  seen  a 
circular  describing  such  a  device,  but  it  has  been 
mislaid.  The  cooler  is  made  of  nlckelplated  brass, 
and  the  ice  is  put  In  the  box,  but  does  not  oome  in 
contact  with  the  water.  There  is  no  coil,  as  in  most 
coolers.  W.  P.,  Lynchburg,  Va. 

AM8.— We  do  not  know  who  makes  such  a  device. 
Perhaps  some  of  our  readers  may  be  able  to  tell  us. 

.*. 

(315)  (a)  Does  not  the  pressure  in  the  receiver  of 
a  compound  engine  act  as  oack  pressure  on  the  high- 
pressure  cylinder  T  That  is,  if  the  M.  E.  P.  in  the  high- 
pressure  cylinder  is  100  lb.,  and  the  pressure  in  the 
low-pressure  cylinder  at  cut-off  is  20  lb.,  would  not 
the  20  lb.  act  as  back  pressure  on  the  high-pressure 
cylinder?  (b)  Why  do  duplex  pumps,  such  as  the 
"Snow,"  have  one  direct  and  one  indirect  rocker- 
arm  to  operate  the  valves?  Is  there  any  special 
rule  for  setting  the  valves  of  such  pumps?  (c)  Why 
do  rivers  running  through  level  countries,  such  as 
the  Neuce  and  Pamlico,  or  the  Tar  River  of  North 
Carolina,  have  no  regular  ebb  and  fiow  of  the  tide, 
while  rivers  running  through  other  countries,  such 
as  the  Delaware  River  and  Hudson  River  do?  (d) 
Please  explain  the  principles  of  action  of  the  cen- 
trinigal  pump.  J.  E.  T.,  Washington,  N.  C. 

Anb.— (a)  The  pressure  in  the  reodver  of  a  com- 
pound engine  acts  as  back  pressure  on  the  high-pres- 
sure piston.  For  instance,  if  the  pressure  on  the 
steam  side  of  the  high-pressure  piston  is  125  lb.  per 
sq.  in.,  and  the  pressure  in  the  recdver  50  lb.  per 
sq.  in.,  the  net  pressure  on  the  piston  ii  the  differ- 
ence between  the  two,  or  75  lb.  per  sq.  in.  This 
effect  is  always  shown  by  the  indicator  cards  taken 
firom  compound  engines.  (6)  Duplex  pumps  have 
one  direct  and  one  indirect  rocker-arm,  in  order  to 
secure  the  proper  relation  between  the  strokes  of  the 
two  ddes.  Without  such  an  arrangement  of  rocker- 
arms,  both  pistons  would  come  to  rest  at  one  end  of 
their  stroke,  and  the  pump  would  stop,  (c)  We  do 
not  know  what  causes  the  difference  in  the  rdation 
of  the  tide  to  the  rivers  of  which  you  speak,  (d)  A 
very  brief  outline  of  the  theory  of  centriftigal  pumps 
is  the  following:  The  rapid  rotation  of  the  blades  of 
the  pump  gives  the  water  in  the  pump  a  very  rapid 
rotary  motion.  The  centriftigal  force  of  this  rapidly 
rotating  mass  of  water  tends  to  carry  it  out  of  the 
pump  at  the  circumference  of  the  blades  and  drive 
it  out  through  the  discharge  pipe.  In  many  oen- 
trifhgal  pumps,  centrifagal  force  is  aided  by  an 
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action  of  the  blades  that  somewhat  reeemblee  the 
action  of  the  ecrew.  The  bladea  are  cuired  in  inch 
a  manner  that  they  tend  to  pnsh  the  water  outward 
toward  the  ciroomference  ai  they  reyolve. 

.•♦ 

(816)    (a)  If  the  distance  fh>m  m  to  n  by  a  straight 
line  U  20  miles,  the  highest  point  being  5  miles, 
.  what  is  the  distance 

by   the  cnryed  line? 
(6)  Can  a  separate  call 
bell  be  connected  to 
..  a   private   (two-wire) 
■  MMiiH     telephone  line? 

Fig.  1  Manchester,' N.H. 

Aks.— (a)   Assoming  the  eorye  in  Fig.  1  to  be 

the  arc  of  a  drcle.  its  exact  length,  calculated  by 

trigonometry,   is  28.12  miles.    The  length  of  the 

carved  line  may  be  calculated  approximately  by 

the  formula,  J  =  2  a:  F 1  +  |  (|^*] ,  in  which  x  = 

I  mn  »  10,  and  y  =  r  a  =  5.  This  will  give  I  = 
28.88  miles.    (6)  If  you  mean  an  extra  bell,  called 


m-^M 


— ^ 


M 


i 


■h-^-i 


Fig.  2 


an  extension  bell,  to  be  rung  by  the  telephone 
generator,  then  connect  a  bell  of  the  same  con- 
struction and  make  as  the  one  now  on  your  tele- 
phone, as  shown  in  Fig.  2.  The  wires  for  this  bell 
can  be  run  to  any  part  of  the  house.  When  the  tele- 
phone generator  at  the  distant  end  is  turned,  both 
the  regular  telephone  and  extension  bells  will  ring. 
By  using  the  ground  as  a  return  for  a  bell  circuit, 


and  a  common  vibrating  or  battery  bell  V,  batteries 
B,  and  switches  I  could  be  used  by  connecting  them 
as  shown  by  the  dotted  lines.  The  switch  {  should 
have  a  stiff  spring,  which  will  insure  its  returning 
to  button  or  contact  1  as  soon  as  the  hand  is  re- 
moved fh>m  it  when  through  ringing.  The  vibrator 
on  one  of  the  bells  r  should  be  short-circuited. 


(317)  (a)  What  is  the  composition  of  the  metallic 
powder  that  is  used  in  a  coherer  for  wireless  tele- 
graphy ?  (b)  Where  can  I  obtain  it  and  is  it  expen- 
sive ?  (c)  How  much  powder  would  be  needed  for 
a  small  coherer?  R.  B.  O.,  Pennock,  Minn. 

Aks.— (a)  The  material  ii  not  a  powder,  but  con- 
sists of  filings,  98^  of  which  is  hard  nickel  and  4ifi 
silver.  (6)  We  do  not  know  where  you  can  buy  the 
filings,  but  you  can  make  them  easily.  They  should 
be  as  coarse  as  you  can  make  them  with  a  large 
rough  file,  which  should  be  very  clean  and  dry. 
(c)  The  inside  diameter  of  the  glass  tube  should  be 
ttom  A  to  i  in.,  and  the  fkces  of  the  silver  plugs 
should  be  separated  fh>m  A  ^  A  ^^  *>^d  these 
intervening  spaces  should  not  be  over  two-thlxds 
Aill  of  filings;  consequently,  only  a  very  small 
quantity  of  filings  will  be  needed.  Amalgamate, 
with  mercury,  the  faces  of  the  silver  plugs,  which 
should  fit  nicely  in  the  glass  tube.  If  a  permanent 
coherer  is  desired,  it  is  said  to  be  better  to  exhaust 
the  air  to  -r^  of  an  atmosphere  and  seal  the  ends 
air-tight  with  a  non-oxidizing  (hydrogen)  flame,  in 
order  to  prevent  the  oxidizing  of  the  silver  plugs 
and  filings. 

(818)  (a)  I  have  on  my  locomotive  a  SelletB 
injector  that  gives  considerable  trouble,  although 
recently  repaired  in  the  shops.  When  the  tank  (on 
the  tender)  is  full,  and  the  water  level,  therefore 
above  the  injector,  the  latter  works  all  right,  but  In 
a  short  time  it  fUls  to  prime  readily  and  can  only 
be  made  to  do  so  by  repeated  eflbrts.  The  tank  Is 
perfectly  clean.  Is  the  Injector  taking  steam  in  too 
great  a  volume,  when  set  for  priming?  (6)  What  is 
the  dUn»r«nce  in  construction  between  the  SeUers 
and  Monitor  injectors  ?      A.  M.  &,  Petersburg,  Va. 

AN8.— (a)  The  reftisal  of  your  injector  to  lift  the 
water  promptly  after  it  gets  below  the  level  of  the 
injector  may  be  due  to  leaky  Joints  in  suction  pipe  or 
to  a  poorly  packed  water-valve  stem,  air  thus  enter- 
ing the  suction  pipe  and  destroying  the  vacuum;  or, 
the  tank  may  be  air-tight,  which  would  prevent 
atmospheric  pressure  from  entering  the  tank  to  force 
water  to  the  injector.  Also,  leaky  boiler  and  line 
checks  will  allow  hot  water  to  work  back  into  the 


Fig.  8 


a  separate  bell  may  be  arranged,  as  shown  in  Fig.  8, 
in  which  case  the  telephone  and  separate  bells  will 
not  both  ring  at  the  same  time.  The  earth  could  be 
replaced  by  a  third  wire,  which  would  be  necessary 
if  grounding  the  line  caused  disturbing  noises  in 
your  telephone.  O  and  C  represent  ordinary  tele- 
phone generators  and  bells.  One  generator  and  bell 
in  the  same  box  or  case  is  known  simply  as  a  mag- 
neto bell.    If  the  line  is  not  too  long,  a  third  wire 


suction  i^pe  and  prevent  the  injector  ftom  work- 
ing, by  giving  off  a  tteam  vapor  and  destroying 
the  vacuum  in  the  suction  pipe.  It  may  be  that  the 
injector  gets  too  much  steam  when  prhning.  if  the 
end  of  the  steam-valve  stem  that  enters  the  finoe 
nozzle  has  been  reduced  by  wear  or  any  other  cause. 
When  the  water  in  the  tank  is  above  the  level  of  the 
injector,  the  above  defects  will  not  aflbot  its  work- 
ing so  much  as  when  it  is  below  the  level.    (5)  The 
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oonrtmctloD  of  tlie  8ellen  «nd  Monitor  Injeoton  Is 
pmetleftlly  the  tune  in  principle,  but  the  inetm- 
menti  dlflte  somewhat  in  appewranoe,  the  shell  of 
the  Sellen  belnc  cast  in  one  piece,  and  the  Monitor 
in  three.  The  steam  yalye  and  stem  in  the  SellerB 
are  in  one  pieoe;  in  the  Monitor  there  are  two  Yalyes, 
a  lifting  and  a  force  yaWe,  secured  to  the  yalye  stem 
by  a  disk  nut  on  the  end  of  the  yalye  stem.  The 
lifting  and  forcer  nossle  of  the  Sdlers  are  screwed 
one  inside  the  other,  while  in  the  Monitor  the  lift- 
ing nossle  is  screwed  into  the  forcer  steam  yalye, 
the  latter  being  in  turn  secured  to  the  lifting  yalye 
by  a-  shank  and  nut,  a  small  relatlye  moyement 
being  proyided  for.  The  combining  and  dellyery 
tabes  of  the  SeUers  injector  are  long,  with  a  gradual 
taper,  and  haye  three  sets  of  spUl  holes;  in  the 
Monitor  injector,  the  tubes  are  shorter  and  of  a  dif- 
ferent shape  and  taper.  In  both  injectors,  the  three 
tabes  are  screwed  together,  making  one  piece,  and 
are  put  in  from  the  discharge  end  of  the  injector, 
those  in  the  Sellers  being  screwed  in,  while  those  in 
the  Monitor  are  forced  in  and  held  in  place  by  the 
eheck-yalye  case,  which  is  screwed  into  the  center- 
piece. The  line  check  of  the  Sellers  injector  is  In 
the  discharge  end  of  dellyery  tube.  The  oyerflow 
arrangement  on  the  Monitor  is  similar  to  that  of  the 
Sellers,  the  oyerflow  yalye  being  held  to  its  seat  by 
a  screw  stem  while  the  injector  is  being  used  as  a 
heater,  whereas  on  the  SeUers  it  is  held  down  by  a 
cam-leyer.  The  water  yalye  is  ylrtually  the  same  in 
both  ii^ectors. 

«♦« 

(319)  Some  time  ago,  when  repairing  a  medical 
coil,  I  found  that  It  contained  flye layers  of  iron  wire 
wound  oyer  the  primary  and  connected  to  it.  Oyer 
the  iron  wire  was  wound  flye  layers  of  No.  S6  copper 
wire,  which  was  also  connected  to  the  primary. 
Please  inform  me  as  to  the  object  of  using  the  iron 
wire.  I.  C.  W.,  Troy,  N.  Y. 

Aii8.-Judglng  by  the  sise  of  the  wire  submitted,  it 
must  haye  been  wound  on  the  secondary  and  not  the 
primary.  The  flne-wlre  coil  is  the  secondary  and 
not  the  primary.  We  do  not  see  any  beneflt  to  be 
gained  by  winding  part  of  the  secondary  with  iron 
wire;  in  fkct,  if  anything,  it  would  be  an  objection. 
It  may  haye  been  put  on  with  the  idea  that  the  iron 
would  improye  the  magnetic  circuit,  but  as  coils 
work  best  with  an  open  magnetic  circuit,  there 
would  be  no  gain  by  using  the  iron.  It  would  proba- 
bly be  found  that  the  coll  would  work  as  well,  if  not 
better,  if  wound  with  copper  wire  throughout. 


(820)  (a)  Why  Is  it  that  when  the  light  of  the  sun 
psBses  through  a  square  hole,  or  a  hole  of  any  other 
shape,  it  always  casts  a  round  shadow?  (b)  How 
are  metal  utensils  coated  with  granite  or  TOrcelaln  T 
(c)  How  may  cooling  ettecta  be  produced  by  elec- 
tricity other  than  l^  the  use  of  fans?  (d)  What 
books  and  pamphlets,  other  than  those  of  the  Agri- 
cultural Department,  are  distributed  tree  by  the 
goyemment?  8.  T.,  Houston,  Tex. 

Aifs.— (a)  The  explanation  of  the  phenomenon 
why  the  sun's  rays  passing  through  an  irregidar  hole 
will  form  a  circular  Image  on  a  screen  beyond  is  too 
long  to  giye  in  these  columns.  It  will  be  found  in 
any  good  textbook  on  optics,  (b)  The  yarleties 
of  enamels  for  metals  are  so  many  and  the 
methods  of  applying  them  are  so  dilTerent  that  we 
must  refer  our  correspondent  to  "  The  Metal  Worker's 
Handy  Book,"  by  William  T.  Brannt;  price  92.50. 
This  book  can  be  purchased  ftom  The  Technical 
Supply  Co.,  Scranton,  Pa.  (c)  Electrlcpower  Is  often 
used  in  producing  cold  in  a  manner  exactly  similar 
to  the  more  flrequent  use  of  steam  power,  (d)  The 
goyemment  ftimishes  an  immense  yariety  of  books 
and  pamphlets  without  charge,  'it  does  so,  how- 
eyer,  only  to  institutions,  libraries,  and  prlyate  indl- 


ylduals  that  are  likely  to  use  them  in  such  manner 
as  to  beneflt  the  general  public.  Your  congressman 
can  giye  you  dfectlye  help  in  getting  anything  of 
that  kind. 

»% 

(821)  (a)  How  can  I  find  out  the  quantity  of 
water  in  the  seal  of  a  trap?  (b)  Oiye  an  eyery-day 
rule  to  flnd  how  long  it  will  take  a  leader  trap  to 
lose  its  seal  by  eyaporatlon,  the  trap  being  placed  in 
the  cellar,  (c)  WlU  a  leader  drain  between  the  trap 
and  main  house  drain,  as  per  sketch  (a),  form  a 
dead  end  ?  (d)  If  the  leader  trap  Is  placeid  close  to 
the  main  drain,  as  per  sketch  (b),  would  it  make  a 
better  job,  or  would  it  siphon  out  by  closet  die* 
charges?  (e)  Would  there  be  any  objection  to  pla- 
cing a  strainer  oyer  the  handhole  in  the  leader  nap 
as  per  sketch  (b),  and  using  it  to  drain  the  cellar  of 
any  water  on  the  floor  ?      J.  O.  B.,  Greenyllle,  N.  J. 

Amb.— (a)  The  quantity  of  water  in  the  seal  of  a 
trap  can  be  found  by  onserewing  the  trap  screw  and 


drawing  off  the  water  until  the  seal  is  broken,  (b) 
There  is  no  rule  for  determining  the  length  of  time 
it  will  take  for  a  leader  trap  to  lose  its  seal  by 
eyaporatlon.  The  rate  of  eyaporatlon  will  depend 
on  the  humidity  of  the  atmosphere,  on  the  yelodty 
of  the  currents,  and  on  the  temperature,  (c)  Yes; 
because  no  proylslon  Is  made  for  its  yentllatlon. 
(d)  Yes;  it  will  make  a  better  Job.  We  beUeye  there 
will  be  no  danger  of  its  being  siphoned  out  by  the 
discharge  of  water  closets  unless  the  discharges  are 
sui&clent  to  flll  the  entire  bore  of  the  main  house 
drain,  which  Is  an  exceedingly  rare  occurrence,  (e) 
We  do  not  like  the  idea  of  placing  a  strainer  oyer  the 
drain  pipe  in  the  cellar,  as  shown,  unless  a  separate 
trap  Is  proyided  for  this  purpose,  because  during 
winter  this  strainer  will  constantly  giye  off  air  into 
the  building,  which,  eyen  though  it  comes  from  a 
clean  rain-water  drain,  is  yery  objectionable.  You 
should  trap  the  strainer. 

•*. 

(322)  Giye  me  a  good  recipe  for  making  shellac 
yamlsh  for  patterns.  In  this  locality  .we  use  shellac 
gum  flake  and  wood  alcohol,  t^retner  with  lamp- 
black, but  the  black  does  not  seem  to  mix  right  in 
the  yamlsh.  W.  T.  T.,  Oklahoma  City,  ()kla. 

Ans.— First  mix  the  lampblack  in  grain  alcohol  in 
a  separate  dish;  dlssolye  the  gum  of  shellac  in  the 
best  grade  of  gridn  alcohol,  and  then  compound  these 
two  mixtures  by  stirring  until  thoroughly  in- 
corporated. Some*  workmen  simply  dlssolye  the 
shellac  in  alcohol  and  afterwards  add  the  lampblack, 
stirring  until  properly  mixed;  but  the  former  method 
glyes  a  better  mixture,  and  is  less  liable  to  be 
*•  knotty." 

**♦ 

(323)  (a)  A  cast-iron  disk  6  ft.  in  diameter  and  12 
in.  thick  is  fixed  on  a  shaft  whose  axis  is  the  same 
as  that  of  the  disk.  What  force,  acting  with  a  layer 
arm  of  8  ft.,  will  giye  the  disk  an  acceleration  of  10 
tums  per  minute,  motion  and  weight  of  shaft  being 
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neglected?  {b)  A  hoiue  is  sold  for  86,000  on  pay- 
ments of  930  per  month,  and  $500  cash  down.  A  part 
of  each  monthly  payment  goes  to  pay  interest  at  &fi 
on  the  unpaid  portion  of  the  prineipal,  and  the 
balance  of  each  payment  is  applied  to  the  reduction 
of  the  principal;  so  that,  the  unpaid  balance  being 


steadily  decreased,  the  part  of  each  installment  that 
is  applied  as  interest  will  decrease,  and  the  property 
will  ultimately  be  cleared.    How  long  will  It  be 


till  the  property  is  dear?  ^    Q.  £.  D. 

Ans.— (a)  Your  question  is  not  plain,  as  you  do 
not  state  whether  the  acceleration  referred  to  is  10 
turns  per  minute  pCT- minuto,  or  10  turns  per  minute 
p^  tecond.  According  to  the  usual  language  of 
mechanics,  howeyer,  we  shall  take  your  meaning  to 
be  10  turns  per  minute  per  minute,  which  means  that 
the  rate  of  reyolntion  at  the  end  of  every  minute  is 
10  turns  per  minute  greater  than  the  rate  at  the 
beginning  of  the  minute.  Let  i^  be  the  required 
force,  p  its  lever  arm,  W  the  weight  of  the  disk,  and 
/  its  moment  of  inertia  with  respect  to  its  axis.  Also, 
let  N  be  the  acceleration  of  the  disk  in  turns  per 
minute  per  minute.    Then, 


Fp  =  lX2nN. 


(1) 


2g' 


All  dimensions  being  in  feet,  we  have   J» 

where  r  =  radius  of  disk,  and  g  =  acceleration  due 
to  gravity  in  feet  per  minuU  per  minute  =  82.16  X  60». 
For  W,  we  have  ir  =  ir  f«  x  1  X  460.  We  can  now 
solve  equation  (1)  for  F,  which  gives: 


ir^X_8»^Xj^X^4fiOXj« 
i  X  32.16  X  60« 


X  2  ir  X  10 


8 


-10.858  lb. 


(b)  There  are  several  approximate  methods  of 
solving  such  examples.  The  following  solution  is  as 
simple  as  any  of  these,  and  is  exact.  Let  A  denote 
the  number  of  dollars  due  after  the  cash  payment, 
let  B  denote  the  number  of  dollars  in  each  install- 
ment, and  let  the  rate  of  interest  be  J2  per  cent,  per 
annum.  Then,  the  number  of  dollars  outstanding 
at  the  end  of  n  months  is 


1,200  B 


)(^-.^y 


1,200^ 
+  "  J2  "' 


If  the  property  is  dear  at  the  end  of  n  months,  we 

Putting  A  =  4,600,  B  ^  90,  and  J2  =  6,  we  get 
n  =»  277,  nearly.   Therefore  the  time  is  23^  yr. 

«•. 

(824)  (a)  Give  all  information  at  your  command 
in  regard  to  liquid  air.  (b)  Recommend  some  book 
on  the  subject.  {e\  Explain  how  the  clearance 
spaces  are  put  in  solid  pipe  dies  and  thick  dies  of 
dmilar  design.  j.  H.  F.,  Baltimore,  Md. 

An8.— (a  and  b)  See  "Liquid  Air,"  by  T.  O'Connor 
Sloane,  price  82.50;  or,  **The  Liquefkction  of  Gases," 
by  W.  L.  Hardin,  price  81.50.  These  books  may  be 
obtained  trom  The  Technical  Supply  Ck).,  Scranton, 
Fa.  {e)  The  clearance  holes  are  usually  drilled  in 
and  the  cutting  edges  are  finished  by  filing.  Where 
a  large  number  of  dies  are  to  be  made,  a  Jig  is  used 
for  drilling  the  clearance  holes. 


(825)  Please  show  me  how  to  find  the  latent  heat 
of  1  lb.  of  steam  at  a  temperature  of  78°  F.  I  have 
tried  to  solve  this  trom  the  steam  tables,  but  have 
been  unable  to  get  a  satisfactory  answer. 

J.  C,  Jr.,  Chester,  Pa. 

Ans.— A  temperature  of  saturated  steam  of  78°  F. 
corresponds  to  a  pressure  of  less  than  \  lb.  per  sq. in. 
absolute,  while  the  lowest  pressure  given  in  many 
steam  tables  is  1  lb.  per  sq.  in.  Referring  to  one  of 
the  tables  given  in  Roentgen's  "Thermodynamics," 


we  find  the  latent  heat  of  1  lb.  of  steam,  at  a  tempenb- 
tnre  of  77°,  to  be  1,060.8044  B.  T.  U.,  and  at  a  tempera- 
ture  of  86°,  the  next  higher  value  given  in  the  table, 
the  latent  heat  is  1,064.1282  B.  T.  U.  The  decrease  In 
latent  heat  for  the  increase  of  86  —  77  —  9°  in  tem- 
perature is  1.060.8944  -  1,054.1282  =-  6.2712  B.  T.  U.; 
consequently,  the  decrease  for  an  increase  of  1°  Is 
6.2712  +  0  »  .6068  B.  T.  U.  The  difference  between 
the  lower  temperature  firom  the  table  and  the  tem- 
perature.at  which  the  latent  heat  is  to  be  found  Is 
78  —  77  =  1°;  consequentiy,  the  required  ilatent  heat 
U  1,060.8944  —  .6968  «  1,060.6976  B.  T.  U. 
* 
»  * 

(326)  (a)  Would  it  be  practical  to  put  up  a  pri- 
vate telephone  line  ftom  our  mills  to  our  residence 
and  stables,  a  distance  of  1^  miles?  We  could  uae 
standing  trees  for  poles,  if  they  would  serve  the j>ax^ 
pose,  (b)  What  system  would  be  best?  (c)  what 
would  be  the  expense,  exclusive  of  construction  and 
wire?  (d)  Would  any  source  of  power  other  than 
batteries  be  required?  W.  H.  P..  Elton,  La. 

Ans.— (a)  It  would  be  practical.  You  can  use  the 
trees  for  poles,  but  the  foliage  must  be  trimmed 
away  and  the  wires  supported  on  insulators,  so  that 
the  wires  cannot  touch  the  trees  or  foliage,  espe- 
cially when  wet.  (b)  Use  two  hard-drawn,  bare,  cop- 
per line  wires.  No.  14  B.  &  S.,  and  either  what  are 
known  as  series-magneto-bell  or  bridglng-magneto- 
bell  telephones.  Bridging  telephones  would  be  the 
better,  but  in  your  case,  where  only  three  telephones 
are  on  one  circuit,  series  telephones  will  be  satiafitc- 
tory.  {€)  Series-magneto-bell  telephones  will  ooet 
from  $11  to  $16  apiece,  depending  on  style  and 
make,  and  the  bridging-magneto-bell  telephones  $8 
or  $4  apiece  more.  The  cheapest  in  first  cost  will 
not  be  the  most  satlsfiustory  or  cheapest  in  the  long 
run.  Get  good,  reliable  telephones.  If  your  line 
wires  are  near  or  across  trolley  or  electric-light 
wires,  you  should  have  a  strong  current  or  ftase  pro- 
tector, in  addition  to  a  good  lightning  arrester,  at 
each  telephone.  They  should  not  cost  you  over  $1.25 
apiece,  and  probably  less.  There  would  be  no  other 
expense  outside  of  the  line  wire,  insulators,  wood 
brackets,  and  the  erecting  of  the  line,  (d)  No.  Two 
good  Leclanch4  cells  at  each  telephone  will  fdmish 
all  the  power  required.    Do  not  use  dry  cells. 

*% 

(327)  In  "The  Building  Trades  Magasine*  of 
March,  1899,  page  182.  the  statement  is  made  that  tin 
should  never  be  laid  on  a  wet  roof,  (a)  Is  this  cor- 
rect when  the  tin  is  well  covered  with  paint  on  the 
under  side?  (b)  When  does  water  begin  to  expand 
during  the  process  of  freezing?  (e)  would  you  give 
me  the  address  of  some  steel  mill  where  I  could  get 
a  handbook  on  the  properties  of  structural-steel 
shapes?  J.  M.,  BeUeville,  HI. 

Ans.— (a)  Even  when  tin  is  painted  on  the  under 
side,  it  should  not  be  laid  on  a  wet  roof,  because  it  is 
impossible  to  prevent  scraping  the  paint  in  laying, 
and,  if  moisture  occurs  under  the  tin,  some  initiiJ 
corrosion  is  sure  to  take  place.  Moisture  will  not 
occur  to  any  considerable  degree  on  the  under  side  of 
the  tin  from  condensation,  provided  the  roof  is  first 
covered  with  a  waterproof  roofing  paper  or  felt,  and, 
consequentiy,  if  the  initial  corrosion  is  prevented, 
there  is  little  likelihood  of  the  tin  being  destroyed 
fh>m  the  under  side,  (b)  Water,  when  reduced  in 
temperature,  contracts  in  volume  until  it  reaches 
89.2°  F.;  from  there  it  expands  until  it  reaches  82°  F.. 
at  which  point  it  freeses.  Water  changing  firom  a 
liquid  to  a  solid  increases  in  volume  about  one-ninth, 
(c)  "The  Building  Trades  Pocketbook,'*  which  can 
be  had  for  81.60  by  addressing  The  Technical  Supply 
Co.,  Scranton,  Pa.,  contains  extensive  tables  of  the 
properties  of  the  usual  rolled-steel  sections.  Similar 
tables  can  be  had  by  addressing  The  Penooyd  Iron 
Works,  Philadelphia,  Pa.;  The  PlUHHdc  Rolling  Mill 
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Go.,  Pateonon,  N.  J.;  The  Carnegie  Steel  Go..  Pitta- 
boig.  Fa.  Theee  ooncenu  ?rill,  however,  charge  you 
for  their  books  unleis  yoa  are  a  buyer  of  auch  mate- 
rial aa  they  manuflMture. 


(828)  (a)  Explain  whether  the  iteam  gauge  in 
xmunon  uae  reglsten  preMures  above  or  below  that 
of  the  atmosphere,    (o)  What  la  meant  by  abiolute 


t  (e)  How  high  should  the  water  be  kept 
above  the  level  of  the  fluea  or  the  crown  sheet  for 
safety?  (d)  What  kind  of  a  machine  shop  would 
yon  recommend  me  to  go  into  to  learn  engineering? 
Do  you  think  a  marine  shop  lapreferable  to  a  repur 
ihop?  K.  M.  T.,  Logan,  Ore. 

Amb.— <a)  As  commonly  made,  a  ateam  gauge  reg- 
iaten  preaaurea  above  that  of  the  atmoephere.  The 
preamre  reglatered  ia  then  called  gauge  pressure. 
(b)  Absolute  preaaure  la  preaaure  reckoned  fh>m  the 
point  of  no  preaaure,  1.  e.,  a  perfect  vacuum,  (e) 
This  would  depend  somewhat  on  the  deaign  of  the 
boiler  and  the  rapidity  of  evaporation.  In  general, 
we  would  not  recommend  you  to  carry  leaa  than  6  in. 
of  water  above  the  fluea.  For  apedal  caaea,  how- 
ever, more  or  leaa  water  may  be  carried  without 
danger,  (d)  We  preaume  fh>m  your  Inquiry  that  you 
wiah  to  become  a  marine  engineer.  In  that  caae,  we 
would  ationgly  recommend  you  to  enter  a  marine 
shop,  since  a  three  years'  apprenticeahip  in  auch  a 
shop  is,  by  United  States  laws,  considered  the  equiva- 
lent of  two  years'  sea  service;  three  years'  sea  service 
being  prescribed  prior  to  application  for  license. 


(829)  Why  is  it  that  pipes  conducting  hot  water 
will  f^eese  more  qiiicklv  than  those  conauctlng  cold 
water?  I  know  there  is  a  good  sdentillc  reason  for 
it,  but  have  not  a  thorough  understanding  of  the 
matter.  J.  &  O.,  CSindnnati,  Ohio. 

Am.— It  would  appear  that  water  that  haa  been 
boiled  and  allowed  to  cool  to  the  aame  temperature 
sa  an  equal  volume  of  cold  water,  will  freese  quicker 
than  the  cold  water  when  both,  otherwiae  under 
the  aame  condltiona,  are  aubjected  to  the  aame 
influencea.  At  least  many  membera  of  the  plumb- 
ing trade  claim  thia  to  be  a  fact.  It  ia  quite  poasi- 
ble  that  the  aolidifying  proceaa  la  (kdlitated  by  the 
abaence  or  acarcity  of  air  in  the  water  that  haa  been 
heated,  and,  preaumably,  by  the  abaence  of  animal 
life  in  the  water.  When  water  ia  boiled,  the  air  and 
other  gaaes  contained  in  the  water  are  given  off, 
and  animalculea,  to  a  large  extent,  are  killed  by  the 
high  temperature.  In  cold  water,  the  animalculea 
imperceptibly  agitate  the  water  and  no  doubt  help 
to  prevent  ita  aolidlilcation;  and  the  absence  of  gaaea 
in  the  cold  water  that  haa  been  boiled  preaumably 
allowa  heat  to  paaa  rapidly  fh>m  the  particlea  of 
water.  Some  of  our  practical  readera  that  have  had 
experience  in  repairing  fh>sen  pipea  may  have 
better  theorlea.  If  so,  we  would  be  pleased  to  have 
them  presented  in  Sciencb  and  Ikdustry. 


(890)  (a)  What  is  the  proper  way  to  level  up  a 
transit  or  a  level?  Are  the  leveling  screws  to  be 
screwed  as  tight  as  possible?  Give  explanation  in 
detail,  (b)  Describe  the  principle  of  the  construction 
of  ball  bearings.  I  believe  there  are  two  kinds: 
explain  both  in  fhll.  (c)  Is  it  true  that  printed 
matter  photographed  fh>m  an  original  copy  of  type 
is  injurious  to  the  eyes ?  J.  W.  L.,  New  York. 

Ams.— (a)  The  tripod  legs  should  be  planted  firmly 
into  the  ground  in  such  positions  as  to  bring  the 
tripod  head  approximately  level  and  the  plumb-bob 
over  the  given  point  If  the  transit  has  no  shifting 
center,  the  plumb-bob  must  be  brought  exactly  over 
the  point  in  setting  the  tripod  legs,  but  if  it  has  a 
shifting  center  this  need  be  done  approximately 
only;  then,  by  loosening  the  leveling  screws,  it  can 
be  brought  exactly  over  the  point  by  means  of  the 


shifting  center;  the  leveling  screws  should  then  be 
tightened  moderately  in  order  to  hold  the  instru- 
ment in  position.  The  centers  should  then  be  un- 
damped by  loosening  the  lower  clamp  screw,  and 
the  instrument  turned  so  as  to  bring  the  two  plate 
levels  parallel,  respectively,  to  the  two  pairs  of  level- 
ing aorewa,  aasuming  that  the  tranait  haa  four  leveling 
aorewa,  aa  ia  the  case  with  ordinary  trandta.  Each 
pair  of  leveling  acrewa  ahould  then  be  manipulated 
in  turn,  grasping  the  milled  head  of  each  acrew 
lightly  between  the  thumb  and  forefinger  of  each 
'  hand  and  turning  both  acrews  at  the  same  rate  in 
opposite  directions  until  the  bubble  is  brought  to 
the  center  of  each  leveling  tube.  The  leveling 
screws  should  not  be  screwed  severely  tight  during 
any  part  of  the  process,  and  should  it  be  necessary 
to  turn  either  psir  of  screws  through  a  considerable 
distance,  the  other  pair  should  be  loosened  so  as  to 
cause  no  undue  strain.  The  leveling  screws  should 
be  brought  to  a  good  firm  bearing,  but  should  never 
be  tightened  sufficiently  to  cause  severe  strain  upon 
any  part  of  the  instrument.  (6)  An  article  entitled, 
"Journal  Bearings,"  In  the  August,  1899,  issue  of 
"The  Mechanic  Arts  Magazine,"  gives  more  detailed 
information  on  this  subject  than  we  can  spare  the 
space  for  hero,  (e)  Not  that  we  knoijr  of,  provided 
the  reproduction  is  well  done,  and  good  paper  is 
used  for  printing. 

*  * 

(881)  How  can  I  make  a  thermometer?  I  wish  to 
use  it  in  a  dry-house.      Q.  D.  R.,  Cincinnati,  Ohio. 

Am.— We  wouldadviaeyou  not  to  attempt  to  make 
one.  The  operation  la  at  beat  a  difficult  one,  and  the 
chancea  are  that  your  inatrument  would  not  be  satis- 
Ikctory  when  completed. 

«•• 

(882)  Please  explain  "  Homer's  method  "  of  solv- 
ing equation  (8)  in  Anawera  to  Inqulriea,  No.  216, 
in  the  May,  1900,  number.  Alfha. 

Ana.- You  will  find  Homer'a  method  of  aolvlng 
numerical  equationa  explained  in  an  article  of  con- 
siderable length  in  the  April,  1898,  issue. 

•*. 

(888)  (a)  We  have  an  air  pump  with  a  0"  over- 
flow. Can  I  raise  the  water  fh>m  the  pump  to  a 
height  of  80  ft.?  If  so.  what  additional  work  will  it 
make  on  the  pump?  (b)  Can  I  use  the  air  pump  as 
afire-pump?  Its nze is 8 in.  X 12 in.  X 12 in.  (e)  Please 
give  me  a  rule  for  calculating  the  dimensiona  of 
friction  gearing  that  can  be  used  in  place  of  miter 
gears,  (d)  Which  trailsmits  the  most  power,  a 
crossed  belt  or  an  open  one?  («)  If  two  machines  are 
belted  itom  a  countershaft,  one  being  set  directly 
under  the  countershaft,  and  the  other  in  such  a  posi- 
tion that  the  belt  leada  f^om  the  countershaft  to  the 
machine  at  an  angle  of  45°,  which  belt  will  give  the 
best  results?  (/)  Please  recommend  a  good  book 
on  gearing.  R.  D.,  Montreal,  Can. 

Anb.— (a)  The  additional  work  required  to  raise 
the  water  firom  your  air  pump  to  a  height  of  30  ft. 
depends  on  the  quantity  of  water  discharged.  If 
you  know  the  volume  discharged  in  1  minute,  its 
weight  can  easily  be  calculated  by  multiplying  the 
volume  in  cubic  feet  by  62.5,  or  in  gallons  by  8i. 
The  weight  so  found  multiplied  by  80  (the  height  to 
which  the  water  is  to  be  raised)  will  give  you  the 
number  of  foot-pounds  of  work  done  in  raising  the 
water.  To  this  must  be  added  a  certain  amount, 
depending  on  the  length  of  the  pipe.  It  is  probable 
that  10  per  cent,  added  to  the  calculated  quantity  of 
work  will  give  you  the  total  work  required  to  raise 
the  water  under  most  conditions.  After  you  have 
found  the  total  work,  the  horsepower  required  to  do 
this  work  U  found  by  dividing  by  83,000.  .  (5)  It  is 
possible  that  your  air  pump  might  be  used  as  a  fire- 
pump,  but  we  doubt  whether  it  can  be  successfQlly 
used  for  such  a  purpose,    (e)  A  complete  outline  of 
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the  method  of  designing  bevel  Motion  gears  wonld 
take  more  space  than  can  be  given  here.  We  would 
suggest  "  Elements  of  Machine  Design,"  by  W.  C. 
Unwln,  price  92.00,  as  an  excellent  source  of  infor- 
mation on  this  subject,  (d)  A  crossed  belt  will 
transmit  more  power  than  an  open  one.  (e)  The 
belt  set  at  an  angle  of  4SP  will  give  much  more  satis- 
factory results  than  the  other  one.  {/)  An  excellent 
book  on  gearing  Is  "Odontlcs,"  by  George  B.  Grant, 
price  tl.OO.  The  books  named  may  be  obtained 
firom-The  Technical  Supply  Co.,  Scranton,  Pa. 
* 
*  « 

(834)  (a)  Please  give  me  rules  for  finding  the 
speed  and  power  of  a  Pelton  or  other  impulse  water- 
wheel  with  a  single  noszle,  when  the  quantity  of 
water,  the  head,  and  the  length  of  pipe  are  known. 
(&)  The  theoretical  velocity  of  water  through  pipes 
is  given  by  the  formula  V  =  •\/2'gh\  please  give  me 
the  formcua  for  calculating  the  actual  velocity. 

W.  C.  B.,  Henley,  Cal. 

Ans.— (a)  In  order  to  make  an  estimate  of  the 
power  that  can  be  derived  firom  an  Impulse  water- 
wheel  using  a  given  quantity  of  water  with  a  given 
total  head,  it  is  first  necessary  to  calculate  the  loss 
in  head  due  to  the  friction  of  the  water  in  the  pipes. 
Let  Q  »  quantity  of  water  in  cubic  feet  per  second; 
H  »  total  hetfd  on  nozzle  in  feet;  H'  =  part  of  the 
total  head  required  to  overcome  frictlonal  losses  in 
pipe;  h  »  pressure  head  at  nozzle,  equals  H—H.'\ 
L  =  total  length  of  the  pipe  In  feet;  and  D  =  diam- 
eter of  pipe  In  feet.  The  head  absorbed  in  over- 
coming friction  in  the  pipe  is  given  approximately 

OUT, 

by  the  formula  -^  =  i  ^  nS-  "^^^  pressure  head  at 
the  nozzle  then  becomes  h  =  H-W  =  H—  f-^-K5- 

The   theoretical    power  of  the  water  that  flows 

from  the  nozzle,  neglecting  losses  in  the  nozzle,  is 

0  h 
H.  P.  =  ^--.    Assuming  the  losses  in  flow  through 

the  nozzle  and  the  frictlonal  and  other  losses  in  the 
wheel  to  be  25  per  cent,  of  the  theoretical  power,  the 

actual  power  that  will  be  obtained  is  H.  P.  =  -^^  ^^^ 


11.73" 


.    The  speed  of  the  buckets  of  an  Impulse 

wheel  should  be  equal  to  one-half  the  speed  with 
which  the  water  Issues  f^om  the  nozzle.  The  prob- 
able velocity  of  flow  fh)m  the  nozzle  can  be  calcu- 
lated by  the  formula  v  =  8  )//^.  Having  the  velocity 
v'  of  the  buckets  la  feet  per  second,  which  is  given 
by  dividing  the  value  of  v  found  above  by  2,  and  the 
diameter  d  of  the  wheel  in  feet,  the  number  of  revo- 
lutions per  minute  of  the  wheel  is  given  by  the 

formula  n  =  19.1  ^.    (6)   There  are  a  number  of 

different  formulas  for  calculating  the  actual  flow 
of  water  through  long  pipes.  All  these  formulas 
contain  factors  or  coefildents  that  have  been  deter- 
mined by  experiments  on  pipes  under  different 
conditions.    One  of  the  simplest  formulas  of  this 

kind  is  the  following:  v  =  -v/'^^;  In  which  D  = 
diameter  of  the  pipe  in  feet;  H  =  total  head  in  feet; 
L  =  total  length  of  pipe  in  feet;  and  C  =  experi- 
mental coefficient.  For  rough  cast-iron  pipes,  whose 
diameters  He  between  8  and  48  in.,  the  value  of  C 
may  be  taken  as  .00065.  For  smaller  pipes,  the  value 
of  C  is  somewhat  greater,  ranging  f^om  .00072  to 
.00080.  For  smooth  pipes,  the  values  of  C  are  ap- 
proximately one-half  of  those  for  rough  pipes. 

•*. 

(835)  (a)  Please  give  several  ways  to  put  the 
crank  of  an  engine  on  the  dead  center.  (6)  How  is 
the  length  of  the  oonnectlng-rod  determined  ? 

J.  B.  C,  Hernando,  Fla. 


Ans.— (a)  While  several  ways  of  finding  the  dead- 
center  position  of  the  crank  are  In  use,  most  are  only 
approximate  at  best.  Hence,  we  prefer  to  give  bat 
one  way,  which  is  exact,  however.  Turn  the  crank 
until  it  is  near  the  dead  center.  Make  a  fine  scrlber 
mark  on  the  crosshead,  and,  coinciding  with  it, 
make  another  mark  on  the  guide.  Make  a  mark  in 
any  convenient  location  on  the  flywheel  rim.  Set  a 
tram  to  the  distance  fh>m  some  fixed  point  in  the 
plane  of  the  flywheel  to  the  mark  just  made.  Then 
turn  the  orank  ahead  past  the  dead  center  until  the 
marks  on  crosshead  and  guide  coincide  again.  With 
the  tram,  make  a  mark  on  the  flsrwheel,  taking  care 
to  measure  tmm  the  same  fixed  point.  With  a  pair  of 
dividers,  divide  the  distance  between  the  two  marks 
on  the  flywheel  rim  into  two  eqaal  divisions,  and  then 
turn  the  wheel  until  the  marking  point  of  the  tram 
just  coincides  with  the  new  mark  midway  between 
the  first  two  marks  on  the  rim.  The  crank  will  now 
be  on  the  dead  center,  (b)  In  designing  an  engine. 
it  is  plotted  out  on  the  drawing  board.  In  an  actual 
enghie,  its  correct  length  has  been  found  when  trial 
shows  that  the  clearance  is  equal  on  both  sides  of 
the  cylinder. 

♦•» 

(886)  (a)  Please  make  a  suggestion  as  to  how  I 
can  install  an  arrangement  of  pipes  to  superheat  the 
steam  passing  through  a  pipe  that  transmits  steam 
to  the  Jacket  of  an  apparatus  for  heating  asphalt. 
(6)  Do  you  think  that  a  coll  of  pipe  in  the  combus- 
tion chamber  of  mv  boiler,  which  is  a  modification 
of  the  Scotch  marine  type,  would  be  suitable  for  a 
superheater,  and  that  it  would  be  safe  to  operate? 
W.  L.  S.,  St.  Louis,  Mo. 

Ans.— (a)  It  is  probable  that  a  coil  of  pipe  in  the 
combustion  chamber  of  your  boiler  would  f^xmish  as 
satisfactory  a  method  of  superheating  the  steam  as 
anything  that  could  be  devised.  This  method  will  be 
safe  and  fairly  reliable  if  it  is  properly  installed  and 
is  carefully  watched  to  prevent  serious  overheating. 
(6)  No  system  of  superheating  that  has  yet  been 
devised  can  be  relied  on,  unless  great  care  is  taken  to 
prevent  overheating  of  the  pipes  during  any  period 
when  the  flow  of  steam  through  them  is  stopped. 
* 
*  ♦ 

(387)  (a)  A  says  that  the  steam  on  the  top  of  a 
slide  valve  does  not  put  pressure  on  the  valve 
unless  there  is  an  opening  under  it  Without  the 
opening  under  it  there  is,  he  contends,  only  the 
wdght  of  valve.  B  says  that  it  does  put  pressure 
on  tne  valve  equal  to  the  product  of  area  and  steam 
pressure  per  unit  area,  (o)  A  also  says  the  under- 
side of  the  valve  has  no  pressure  except  that  due 
to  the  area  of  ports  multiplied  by  the  steam  pressure 
per  unit  area.  B  says  tne  pressure  is  that  due  to 
all  the  surface  exposed  to  the  pressure  multiplied  by 
the  steam  pressure  per  unit  area.  Who  is  right? 
(c)  What  is  the  best  way  to  balance  a  slide  valve? 

G.  W.  L.,  Spring  Valley,  m. 
Ans.— (a  and  2>)  Bis  right,  (c)  Balance  55^  of  the 
total  area  of  back  of  valve.  By  "  back "  we  mean 
the  same  as  your  "  top."  As,  however,  valves  often 
work  vertically,  inclined,  or  even  upside  down,  it  is 
better  to  use  the  word  "  back  "  Instead  of  "  top."  As 
regards  the  details  of  a  balanced  valve,  a  request  for 
a  catalogue  addressed  either  to  the  Richardson  or  to 
the  American  Balanced  Valve  Co.'s  will  doubtless 
bring  you  what  you  want. 

♦•« 

(388)  (a)  I  have  a  drum  armature  that  I  wish  to 
wind .  It  has  8  grooves  in  it,  and  there  are  8  segments 
in  the  commutator.  Please  tell  me  where  the  brashes 
will  touch  the  commutator,  (b)  I  also  have  a  drum 
armature  that  has  12  grooves  and  12  commutator 
segments;  how  shall  I  wind  it  7 

G.  S.  P.,  Dorchester,  Mass. 
Ans.— We  take  it  for  granted  that  both  of  these 
armatures  are  to  be  run  in  a  two-pole  field,    (a)  If 
the  ends  of  the  colls  are  brought  straight  out  to  the 
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oommutator  ban,  the  tips  of  the  briuhee  should  be 
in  line  with  the  middle  of  the  space  between  the 
pole  tips,  and  the  two  brushes  should  be  directly 
opposite  each  other  on  the  commutator,  (b)  Wind 
down  slot  1  across  the  back  of  the  armature  and  up 
slot  7,  thence  across  the  firont  and  down  1  again,  and 
so  on  until  you  have  wound  slots  1  and  7  half  fhll; 
tie  the  two  ends  of  the  coil  together  and  mark  them 
so  that  yon  can  distinguish  the  beginning  from  the 
end.  Then  wind  down  2  and  up  8  until  these  slots 
are  also  half  ftill;  do  the  ssme  with  8  and  9, 4  and 
10,  5  and  11,  6  and  12.  All  the  slots  will  now  be  half 
fhll.  Continue  on  around  the  armature,  filling  the 
top  half  of  slots  7  and  1  by  winding  down  7  and  up  1 , 
then  wind  8  and  2,  9  and  8, 10  and  4, 11  and  5, 12  and  6. 
This  completes  the  12  coils.  Connect  the  begin- 
ning of  coil  No.  1  to  the  segment  opposite  it,  and 
connect  the  other  end  to  segment  No.  2.  The  begin- 
ning of  coll  No.  2  connects  to  segment  No.  2  and  the 
end  to  segment  No.  8,  and  so  on  until  all  the  coils 
haye  been  connected  and  the  end  of  coil  No.  12 
connected  to  segment  No.l,  thus  closing  the  winding. 


(389)  (a)  Explain  how  to  find  the  pull  in  pounds 
that  an  electromagnet  would  have  on  a  movable 
core,  such  as  used  in  a  Brush  arc  lamp,  (b)  If  a 
certain  number  of  lines  of  force  passed  through  an 
armature  at  a  distance  from  an  electromagnet, 
would  the  armature  be  pulled  with  the  same  force 
as  it  would  if  it  were  in  contact,  proYlded  the  same 
number  of  lines  of  force  passed  through  the  arma- 
ture when  in  contact?       J.  B.,  Central  Falls,  B»  I. 

AiiB.— (a)  There  Is  no  simple  formula  that  we 
know  of  giving  the  pull  exerted  by  a  solenoid  on  its 
core.  The  pull  depends  upon  so  many  different 
things  that  it  is  very  difficult  to  calculate  it  before- 
hand, unless  experimental  data  is  at  hand  on  which 
to  base  the  calculations.  There  is  a  different  pull 
for  every  different  position  of  the  armature.  The 
poll  also  depends  on  the  linear  proportions  of  the 
solenoid,  (b)  Yes;  the  pull  would  be  the  same  if 
the  number  of  lines  were  the  samis,  and  if  their  method 
qf  dUtrStmHon  tvere  not  aUered  in  any  voay.  If  bringing 
the  armature  in  contact  changed  the  density  of  the 
lines,  the  pull  would  be  different  even  if  the  total 
number  of  lines  remained  the  same.  Of  course,  in 
most  cases,  bringing  the  armature  in  contact  greatly 
increases  the  number  of  lines  passing  through  it, 
and  the  result  is  that  the  pull  is  greatly  increased. 

•N- 
*    * 

(340)  (a)  In  setting  a  picket  fence,  board  fence, 
post  fence  with  rails,  or  a  stone  wall,  for  the  division 
line  between  properties,  what  portion  of  the  fence 
In  cross-section  is  on  the  line  7  (6)  Also  for  the  same 
kind  of  fences,  What  portion  Is  on  the  line  when 
fh>nting  a  highway?  I  would  like  to  know  what 
measurement  to  make  in  order  to  accurately  deter- 
mine the  width  of  the  street  at  any  point. 

P.  N.,  Stamford,  Conn. 

Ans.— <a)  This  will  depend  largely  on  the  purpose 
for  which  the  fence  is  built  and  the  Intention  of  the 
builder.  If  the  fence  is  built  jointly  by  the  owners 
of  the  properties  between  which  it  is  situated,  it  will 
usually,  by  mutual  agreement,  be  so  placed  that  the 
center  line  of  the  cross-section,  if  a  wall  or  a  fence 
having  a  symmetrical  cross-section,  or,  possibly,  the 
face  of  the  posts,  if  a  picket  fence,  will  be  on  the 
division  line.  If,  however,  the  fence  is  built  wholly 
by  one  of  the  property  owners,  and  he  desires  to  own 
and  have  full  control  of  it,  it  must  stand  entirely  on 
his  own  property,  no  portion  of  it  projecting  over  the 
line.  (&)  When  the  fence  ttontB  upon  a  street  or 
highway,  the  extreme  outer  ftice  should  be  on  the 
property  line.  We  have  observed,  however,  that 
many  street  fences  which  are  built  "exactly  on  the 
line"  are  not  uncommonly  placed  with  the  faces  of 
the  posts  on  the  line,  while  others  are  entirely  over 


the  line  and  into  the  street.  The  width  of  a  street 
can  seldom  be  determined  accurately  by  measuring 
between  the  fence  lines. 

••• 

(841)  Show  me  how  to  determine  the  £.  M.  F.  of  an 
induction  coil,  1.  e.,  the  E.  M.  F.  generated  in  the 
secondary.  H.  B.  W.,  Canton,  Ohio. 

Ans.— The  easiest  method  of  obtaining  an  approxi- 
mate idea  of  the  E.  M.  F.  generated  by  the  coil  Is  to 
note  carefully  the  distance  through  which  it  will  set 
up  a  spark  in  air.  To  do  this,  arrange  two  perfectly 
clean  needle  points  so  that  the  distance  between 
them  can  be  readily  adjusted  and  measured.  Gradu- 
ally move  the  points  nearer  together,  until  the  spark 
jumps,  fnd  then  measure  the  distanoe.  By  compar- 
ing with  a  table  giving  sparking  distances,  you  can 
then  form  an  idea  as  to  the  voltage.  It  must  be 
remembered,  however,  that  the  sparking  distance 
depends  somewhat  on  the  condition  of  the  atmos- 
phere, shape  of  the  £  M.  F.  wave  famished  by  the 
coil,  etc,  so  that  the  exact  value  of  the  voltage 
cannot  be  expected.  The  exact  voltage  could  be 
obtained  by  means  of  an  absolute  electrometer,  but 
such  an  instrument  is  not  often  available.  The  fol- 
lowing are  approximate  values  of  the  voltage  and 
sparking  distance  between  needle  points  (values 
given  by  Steinmetz):  .25  inch,  4,100  volts;  .5  inch, 
9,d00  volts;  1.0  inch,  17,700  volts;  1.5  inches,  25,100 
volts;  2.0  inches,  30,500  volts;  2.5  inches,  84,400  volts; 
8.0  inches,  87,100  volts;  8.5  inches,  42,000  volts;  4.0 
inches,  43.200  volte. 

♦*• 

(842)  I  am  running  a  200-kllowatt  Westlnghouse 
railroad  generator,  and  would  like  to  inquire  as  to 
the  best  method  of  taking  care  of  the  commutator, 
(a)  What  should  be  the  tension  on  the  brush  springs? 


There  are  three  brushes  2f"  x  \"  in  each  holder. 
(5)  What  would  be  a  good  lubricant  for  the  com- 
mutator ?  Give  any  further  information  necessary 
for  taking  careof  the  machine.  M.  J.  E. 

Ans.— (a)  The  pressure  on  the  brushes  should  be 
ttom  2  to  2.5  lb.  per  sq.  in.  of  contact  surface;  any 
increase  in  this  pressure  lowers  the  contact  resistance 
but  slightly,  while,  at  the  same  time,  it  causes  exces- 
sive heating  and  wear  due  to  Motion.  The  pressure 
on  each  brush  would,  in  this  case,  be  from  21  to  3  lb. 
You  can  tell  what  the  pressure  is  by  pulling  the 
spring  off  the  brush  with  an  ordinary  spring  balance. 
Be  sure  to  see  that  the  brushes  slide  freely  in  their 
holders.  (5)  A  small  quantity  of  oil  or  vaseline, 
applied  with  a  piece  of  canvas  duck,  is  about  as  good 
a  lubricant  as  any.  Keep  the  commutator  smooth 
by  using  No.  00  sandpaper  occasionally;  never  use 
emery  paper.  Also  see  that  the  brushes  have  a  good 
bearing  on  the  commutator;  if  such  is  not  the  case, 
hold  a  piece  of  sandpaper  (rough  side  up)  between 
the  commutator  and  the  brush,  and  draw  it  back 
and  forth  until  the  brush  is  brought  to  a  good  seat. 

.% 

(848)  I  am  thinking  of  building  a  small  generator 
to  fUmish  a  "jump^'  spark  for  a  gasoline  engine. 
The  following  are  the  dimensions:  diameter  of  arma-. 
ture  core,  2  in. ;  length  of  core.  8  in. ;  number  of  coils, 
12;  size  of  wire.  No.  36  B.  &  S.:  number  of  feet  per 
coil,  100;  making  1,200  ft.  of  wire  on  the  armature. 
I  intend  using  three  permanent  magnets  to  fUrnish 
a  density  of  50,000  lines  per  sq.  In.  The  total  air  gap 
will  be  ^  in.  (a)  Would  it  be  practicable  to  use  soil 
iron  instead  of  cast  Iron  for  the  pole  pieces  ?  (6)  What 
would  be  the  best  kind  of  steel  for  the  magnets,  and 
how  hard  should  it  be?  (c)  How  many  volts  would 
the  machine  generate  when  running  8,000  R.  P.  M.? 
(d)  At  what  speed  would  it  cause  a  spark  to  Jump 
the  it"  space  in  the  gas  engine?  {e)  Could  a  con- 
denser be  used  in  connection  with  the  generator? 
Would  it  not  tend  to  flatten  the  spark  or  cause  a 
brush  discharge  at  the  points?  (/)  Of  what  surface 
area  would  you  make  the  condenser?  {g\  Is  mica 
the  best  material  to  use  between  thesheeU  or  tin-foil  ? 
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What  is  the  best  war  to  make  the  end  oonneetions 
to  the  iheetfl?  {h)  Conld  I  oonstnict  a  machine  of 
aboat  the  same  sixe  as  the  above,  bat  more  efficient, 
by  haying  the  annature  proyided  with  two  wind- 
ings, one  of  which  would  supply  direct  current  to 
the  field,  and  the  other  an  alternating  current  to 
the  outside  circuit?  Would  not  the  two  windlnn 
on  the  armature  Interfere  with  each  other?  (i)  m 
what  ratio  does  the  resistance  of  an  explosive  mix- 
ture change  in  relation  to  its  density  and  tempera- 
ture? Is  there  any  law  giving  this  relation  t  If 
there  is,  apply  it  to  acetylene  gas. 

H.  H.,  San  Francisco,  Cal. 
Ans.— (a)  Wrought  iron  would  be  better  for  pole 
pieces  than  cast  iron.  (5)  Use  tungsten  steel.  Heat 
it  to  a  dull  red  and  quench.  It  is  not  necessary  to 
draw  the  temper.  The  magnets  should  be  leCt  hard, 
(e)  With  a  density  of  about  60,000,  the  machine 
would  generate  between  500  and  000  volts,  as  near  as 
we  can  tell  fh>m  the  meager  dimensions  you  have 
given.  You  have  not  given  the  polar  embrace  or  the 
style  of  winding  you  propose  using.  If  you  are  going 
to  make  an  alternating-current  machine,  we  do  not 
see  why  you  use  12  sections  in  the  armature.  For  the 
best  effect,  the  turns  should  all  be  bunched  in  two 
large  slots  for  a  machine  of  this  kind.  We  also  doubt 
whether  you  can  get  any  thing  like  a  density  of  50,000 
with  permanent  magnets.  You  probably  mean  that 
your  total  air  gap  is  ^  in.  or  it  ^-  on  each  side, 
because  we  think  you  would  have  considerable  diffi- 
culty In  making  an  armature  run  within  ^  in.  of 
the  pole  pieces,  which  you  would  have  to  do  to  get  a 
total  air  gap  of  ^  in.  Your  air-gap  density  would 
probably  not  be  over  20,000,  if  it  would  even  reach 
that  amount,  and  the  pressure  obtained  would 
thus  be  more  likely  in  the  neighborhood  of  200  or 
300  volts,  (d)  To  jump  ^  in.  in  the  engine  would 
require  a  sparking  distance  of  ^  in.  in  air,  as  it  has 
been  found  ftom  practice  that,  to  have  the  sparking 
reliable,  the  sparking  distance  in  the  engine  should 
only  be  about  one-half  that  in  air.  For  a  ^"  spark 
in  air,  you  would  require  in  the  neighborhood  of 
3,000  volts,  and  it  is  out  of  the  question  to  attempt  to 
generate  such  a  pressure  with  a  small  machine  of 
this  kind.  If  you  wish  a  jump  spark,  you  should 
generate  at  low  pressure  and  use  an  induction  coil  or 
a  spark  made  by  means  of  a  wiping  contact  used  in 
connection  with  a  spark  coil.  It  would  be  almost 
impossible  to  insulate  such  a  small  machine  for  such 
a  high  pressure,  even  if  it  were  possible  to  generate 
this  voltage.  An  ordinary  telephone  magneto  only 
generates  about  70  or  80  volts,  (e )  A  condenser  could 
be  used  across  the  air  gap.  It  would  tend  to  give  the 
spark  more  volume,  which  would  be  an  advantage. 
(/)  We  do  not  know  what  size  would  be  required; 
this  must  be  determined  by  experiment,  {g)  Yes; 
mica  is  the  best  material,  but  it  is  so  difficult  to  work 
into  shape  that  waxed  psper  of  good  quality  is  used 
in  most  commercial  condensers.  Letaltemate  sheets 
of  foil  project  out  about  j  in.  at  each  end,  beyond  the 
paper,  and  press  them  together.  The  paper  should 
be  about  1  in.  larger  all  around  than  the  foil.  (A)  You 
could  constract  a  machine  this  way,  but  it  is  a 
question  whether  anything,  would  be  gained.  You 
would  get  a  stronger  field,  but  the  extra  winding 
would  take  up  space  on  the  armature  that  could 
otherwise  be  used  for  additional  turns  for  the 
alternating-current  winding.  There  should  be  no 
trouble  due  to  the  windings  interfering  with  each 
other;  the  current  in  both  the  armature  windings 
would  be  alternating,  (t)  The  relation  between  the 
sparking  distance  and  the  voltage  varies  for  different 
gases,  and  there  is  no  rule  for  estimating  the  resist- 
ance for  diff'erent  pressures  that  would  apply  to  all 
gases.    Peace  gives  the  following  formula  for  air 


for  sparks  not  under  two  millimeters  in  length: 
V  =  1.500  +  30,000  {,  Where  V  is  the  voltage,  and  I  the 
length  in  centimeters.  As  stated  above,  it  will 
usually  be  found  satisfactory  if  a  ooil  is  provided 
that  will  give  a  spark  twice  as  long  in  air  as  it 
is  required  to  give  In  the  engine.  The  resistanee 
increases  as  the  prevnre  increases,  but  not  quite 
in  direct  proportion. 

»*♦ 

(344)  I  am  operating  a  60  H.  P.  boiler  of  the  return- 
tubular  type.  It  has  25  sq.  ft.  of  grate  area,  and  the 
stack  is  00  ft.  high,  with  a  sectional  area  equal  to 
the  combined  area  of  the  boiler  tubes.  We  desire  to 
increase  the  steaming  capacity  of  the  boiler.  Would 
an  Increase  in  the  grate  area  or  in  the  height  or 
sectional  area  of  the  stack  have  the  desired  eflfect? 
J.  M.  C,  Sand  Creek,  Mont. 

Ans.— Any  method  of  increasing  the  draft,  such  as 
a  higher  chimney  or  a  blower,  would  enable  you  to 
bum  more  coal  per  square  foot  of  grate  area,  and 
thus  increase  the  steaming  capacity  of  your  boiler. 
The  grate  area  is  rather  small  for  a  boiler  of  that 
rated  horsepower;  but,  without  knowing  more  about 
the  conditions,  it  is  difficult  to  say  whether  or  not  an 
increase  would  improve  the  steaming  capacity  with- 
ont  an  increase  in  the  strength  of  the  draft. 


(345)  Please  show  how  to  find  x,  the  radius  of  the 
circle  ABC.  T.  M.  O.,  Marietta,  6a. 

Ans.— Let  P  Q  be  the  perpendicular  ftom  P  to  X2. 
Then,  by  elementary  geometry,  we  have 

jrp'  =  x~y*-i- rp'-2xyQ  y. 

Zl^^Yl?  +  Y  ^  -H2  rzQ  r. 

Multiplying    e  q  u  a  - 
tion   (1)   by  KZ,  and 
equation  (2)  by  XY, 
and  adding,  we  get 
YZ'^~^^^XY  '  ZI^ 

=  XY  •  YZ-  XZ 

+  XZ'YP*.        (8) 

From  the  figure,  we 
haverz  =  J,  Xr=l. 
A'Z  =  f.XP  ==  a:-4, 

rp  =  j-x,  zp  = 

x  -f- 1.    Substituting  these  values  in  (8),  we  have 


(1) 
(2) 


t(x  +  4)t  -H  (X  +  1)«  =  r  1  •  i  +  |(i  -x)« 
which  reduces  to  a  simple  equation,  and  gives 

«  =  ?. 


(846)  In  Answers  to  Inquiries.  No.  106.  March.  1900. 
you  mention  the  best  way  to  dispose  of  the  sewsge 
nrom  a  certain  building.  I  wish  to  know  whether  the 
same  method  would  answer  for  a  large  sanitarium 
having  three  bathtubs  and  five  closets.  There  is  a 
leaching  cesspool  200  ft  flrom  the  houfe,  and  the 
building  is  now  properly  fitted  with  traps  There  is 
about  10  ft.  fall  to  the  cesspool,  which  is  fitted  with 
a  loose  cover.  There  is  now  trouble  with  stench 
when  the  wind  blows  toward  the  house. 

O.  B.  P.,  Lebanon,  Ohio. 

Ans.— The  system  defined  in  the  March  issue  will 
suit  your  case  provided,  of  course,  that  the  ground 
is  loose  and  allows  the  sewage  matter  to  tteelj  filter 
away,  and  that  no  wells  or  springs  are  in  the  vicinity 
of  the  cesspool,  to  become  contaminated  by  sewage 
seeping  into  them.  You  can  prevent  stench  in  the 
cesspool  iVom  blowing  against  the  bouse  by  running 
a  ventilating  stack  from  the  cesspool  side  of  the 
main-drain  trap  up  to  and  above  the  highest  part  of 
the  roof  of  the  house.  The  stench  then  instead  of 
being  emitted  at  the  grating  of  the  cesspool  will  be 
discharged  to  the  atmosphere  above  the  house. 
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THE  SPECTROSCOPE  AND  ITS  WONDERS 
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Identity  op  Fraunhofer's  Lines  With  the  Bright  Lines  op  Incandescent  Substances. 
Spectrum  Analysis — Composition  op  the  Universe 


AMONG  the  many  and  startliog  discoveries 
and  inventioDB,  that  of  thespectroficope 
is  certainly  one  of  the  most  wonderful, 
and  its  application  to  chemistry,  as  well  as 
to  astronomy,  has  brought  forth  resalts  that 
are  far  reaching  and  marvelous. 

The  discovery  of  the  principles  underlying 
the  spectroscope  dates  back  to  1675,  when  the 
famous  physicist, 
Sir  Isaac  Newton, 
while  investigating 
the  nature  and 
character  of  sun- 
light, found  that 
a  beam  of  sunlight, 
although  appar- 
ently nothing  more 
or  less  than  the 
source  of  pure 
white  light,  could 
be  split  into  a  large 
number  of  rays  of 
every  imaginable 
variety  of  color. 
For  this  purpose, 
be  admitted  a 
single  beam  of  sun- 
light through  a 
hole  in  a  shutter 
into  an  otherwise 
darkened  room, 
and  allowed  the 
beam  to  pass 
through   a  simple 

glass  prism,  as  shown  in  Fig.  1.  The  refract- 
ive power  of  the  prism  opened  out  the 
beam  and  displayed  the  gorgeously  colored 
constituent  rays  that  were  until  then  united 
in  one  beam  of  white  light.  This  decom- 
posed beam  of  sunlight  he  called  the  solar 
speelrumf  and    he  showed   that   in   it  the 


sequence  of  prismatic  colors  invariably  range 
from  red  to  orange,  to  yellow,  green,  blue, 
indigo,  and  violet,  with  every  intermediate 
tint,  one  color  melting,  so  to  speak,  imper- 
ceptibly into  its  immediate  neighbor.  He 
investigated  other  sources  of  light,  and 
found  that  the  display  greatly  varied  accord- 
ing to  the  source  of  light,  but  that  the  colors 


Fig.  3 

were  invariably  the  same  for  each  kind  of 
light. 

After  the  solar  spectrum  had  thus  become 
familiar  to  every  physicist,  Dr.  William 
Wollaston,  in  1802,  in  experimenting  with 
the  spectrum,  subjected  it  to  a  new  test. 
As  has  been  stated,  Newton  admitted  th& 
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beam  of  light  through  a  round  hole; 
Wollaston  gave  it  acceea  to  the  darkened 
room  through  a  narrow  slit  in  a  shutter,  as 
shown  in  Fig.  2,  and,  on  examining  it  after 


Fig.  2 


deflection  through  the  prism,  he  observed 
that  the  whole  field  of  the  solar  spectrum, 
through  all  its  sequence  of  colors,  was  scored 
down  at  irrefnilar  intervals  by  certain  mys- 
terious dark  lines  of  more  or  less  intensity. 
Out  of  this  discovery  eventually  sprang  into 
existence,  about  25  years  afterwards,  one 
of  the  most  marvelous  applications  of  natural 
philosophy  ever  conceived  by  human  in- 
genuity. Unsuspected  by  him,  Wollaston, 
through  his  revelation  of  the  dark  lines  in 
the  spectrum,  was  throwing  out  the  first 
hint  for  the  building  up  of  the  now  famous 
science  of  spectrum  analysis. 

In  Wollaston' s  mode  of  conducting  experi- 
ments, the  prism  was  held  close  to  the  eye, 
sunlight  being  thus  visibly  deflected  into  a 
beautiful  spectrum,  ribbed  from  one  end  to 
the  other  with  black  lines  at  irregular  inter- 
vals and  of  various  thicknesses.  Wollaston 
continued  this  investigation  and  subjected  the 
electric  spark  and  different  colored  artificial 
lights  to  a  similar  examinatioD,  but  found 
bright  instead  of  dark  lines  in  the  different 
spectra  thus  produced.  Joseph  Fraunhofer 
investigated  these  lines  very  exhaustively, 
and  mapped  them  out  so  completely  that 
they  became  known  all  over  the  world  as 
**  Fraunhofer* s  lines."  All  the  prominent 
dark  lines  in  the  solar  spectrum,  which 
aggregate  354,  each  duly  lettered  and  num- 
bered, are  clearly  defined  in   Fraunhofer' s 


publication.  His  final  c6unt  was  576  lines, 
but  other  investigators  have  added  to  these, 
so  that  the  grand  total  now  amounts  to  2,000. 
The  more  prominent  of  these  lines,  begin- 
ning with  the  red  end  of  the 
spectrum,  are  designated  in 
Fig.  3  by  the  letters  A,  B, 
C,  D,  E,  6,  jP,  O,  ^„  and  JJ,. 
The  illustration  shows  the 
visible  portion  of  the  sun's 
spectrum  as  it  appears  when 
dispersed  with  a  single  prism. 
The  most  remarkable  fact 
concerning  these  dark  lines 
is  that  they  are  invariably 
the  same,  that  is,  they  are  in 
exactly  the  same  place,  of  the 
same  thickness,  and  of  the 
same  intensity.  If  the  spec- 
tram  is  seen  when  the  sun 
is  at  the  meridian,  the  dark 
lines  in  it  reveal  no  varia- 
tion whatever,  either  in  their 
number  or  in  the  manner 
of  their  arrangement.  It  is 
only  when  the  sun  is  rising 
or  setting,  and,  consequently, 
when  its  beams  penetrate  horizontally 
through  a  greater  thickness  of  the  earth's 
atmosphere,  that  supplementary  lines 
appear,  which  are  obviously  traceable  to 
the  influence  of  the  atmosphere.  Another 
remarkable  fact  is  that  the  dark  lines  in 
the  spectrum  are  identically  the  same  in 
their  relative  positions  in  the  different 
colors,  whether  the  spectrum  is  derived 
directly  from  the  sun,  or  indirectly  by 
reflection  from  the  moon  or  from  one  of 
the  planets,  while  the  spectra  produced  by 
the  prism  from  the  lights  obtained  from 
the  fixed  stars  are  entirely  different.  This 
circumstance  clearly  indicates  that  the  dark 
lines  in  the  spectrum  of  the  sun  and  those  of 
the  fixed  stars,  being  relatively  or  entirely 
different,  cannot  be  attributed  to  atmospheric 
infiuences.  More  than  this,  a  series  of  elab- 
orate experiments  has  demonstrated  the  fact 
that  a  spectrum,  marked  vertically  with 
bright  instead  of  dark  lines  of  a  distinctive 
character,  is  produced  through  the  prism 
from  light  produced  by  the  ignited  vapor  of 
the  chemical  elements. 

Doctor  Ritchie  has  the  distinction  of  being 
the  first  investigator  to  demonstrate  that 
these  dark  lines  are  non-luminous  spaces 
caused  by  absorption,  which  he  made  dear 
by  artificially  increasing  their  number. 
These  lines  are  of  such  a  reliable  and  per- 
manent character  along  the  whole  sequence 
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of  the  prismatically  colored  bands  of  the 
spectrom,  that  their  most  minate  divisions 
can  be  referred  to  with  the  most  absolute 
certainty,  precisely  as  they  were  firet  laid 
down,  in  1814,  by  Fraunhofer.  Sir  David 
Brewster,  who  carried  his  researches  still 
further,  insisted  that  the  luminous  band  of 
the  solar  spectrum  is  divided  into  more  than 
2,000  visible  and  easily  recognizable  portions, 
separated  from  one  another  by  lines  more  or 
less  distinguishable,  and,  in  1822,  while 
carrying  on  his  experiments  with  the  spectra 
of  flames  of  different  colors,  he  suggested  the 
plan  of  using  spirit  lamps  for  this  purpose, 
the  wicks  of  which  had  been  saturated  with 
a  solution  of  some  salts,  by  which  means 
monochromatic  light  might  be  readily  ob- 
tained. Sir  John  Herschel  extended  these 
investigations,  and,  with  the  aid  of  the  prism, 
examined  red  light  produced  by  strontium 
chloride,  the  green  light  produced  by  copper 
chloride,  copper  nitrate,  and  borjc  acid,  and 
he  obtained  the  most  beautiful  results  in 
the  way  of  si>ectral  elements.  Long  before 
this  time  it  had  been  found  that  sodium 
compounds  revealed  a  bright-yellow  line  in 
the  spectrum,  and  it  was  then  discovered 
that  each  of  the  known  chemical  elements 
possessed  some  distinct  lines  of  various 
colors  in  the  spectrum,  and  that  very  minute 
quantities  of  these  elements  could  thus  be 
discovered. 

Fox  Talbot,  an  English  chemist,  especially 
deserves  credit  in  this  line  of  investigation, 
and  his  name  is  closely  connected  with 
modem  spectrum  analysis.  He  suggested,  in 
a  remarkable  paper  published  in  1826,  the 
principle  that  **  whenever  the  prism  reveals 
a  homogeneous  ray  of  specific  color  exist- 
ing in  any  flame,  that  homogeneous  ray 
should  be  regarded  as  indicating  the  presence 
there  of  some  definite  chemical  compound." 
Furthermore,  in  1834,  he  stated  that  * 'optical 
analysis  can  distinguish  the 
most  minute  portions  of  these 
substances  from  one  another 
with  as  much  certainty  as 
by  any  other  known  method, 
if  not  more."  In  justifica- 
tion of  this  opinion,  sodium, 
which  is  one  of  the  most 
widely  diffused  elements 
known,  betrays  its  presence  instantaneously 
in  the  spectrum,  the  smallest  particle  of  it, 
when  ignited,  producing  the  intensest  yellow 
line. 

Wollaston,  in  his  experiments,  placed  his 
eye  close  to  the  prism,  as  has  been  previ- 
ously  stated;    Fraunhofer   improved    this 
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method  by  removing  the  prism  24  feet  from 
the  slit  and  examining  the  spectrum  by 
means  of  a  telescope.  This  improvement 
was  so  great  that  Fox  Talbot,  in  1834,  was 
enabled  to  distinguish  with  perfect  certainty 
between  the  otherwise  apparently  identical 
flame  of  lithia  and  strontia,  and  Prof.  William 
Allen  Miller  was  able  to  make  a  far-reaching 
investigation  of  the  alkaline  earth  metals. 
He  knd  Professor  Wheatstone  were  the  flrst 
to  suggest,  in  consequence  of  the  rigidly 
exact  and  unvarying  position  and  character 
of  the  bright  lines  revealed  in  the  spectra 
of  differently  colored  flames,  the  adoption  of 
spectral  analysis  as  an  infallibie  means  of 
revealing  the  presence  of  any  substance, 
no  matter  in  how  microscopically  minute 
particles. 

Thus  the  important  discovery  of  Newton 
rested  for  some  time,  until  Bunsen  and 
Kirchhof,  professors  at  the  University  of 
Heidelberg,  astonished  the  world  with  their 
wonderful  investigations  and  the  marvelous 
results  obtained  from  them.  They  found 
that  groups  of  dark  lines  in  the  sun's  spectra 
coincided  with  the  bright  lines  given  by 
iron  vapor,  and  that  other  groups  coincided 
with  the  bright  lines  of  sodium  vapor,  hydro- 
gen, and  many  other  substances,  and  they 
inferred  the  existence  of  relatively  cool 
masses  of  these  vapors  in  the  sun's  atmos- 
phere. 

They  devised  the  following  experiment  for 
showing  the  signiflcance  of  dark-line  spectra: 
Using  the  flame  of  a  Bunsen  burner,  sup- 
plied with  sodium  vapor  produced  by  the 
vaporization  of  common  salt,  they  obtained 
the  ordinary  bright-line  spectrum  of  sodium. 
Then,  passing  an  intense  beam  of  light  from 
a  calcium  light  through  the  Bunsen  flame 
into  the  slit,  it  was  found  that  the  absorp- 
tion of  the  sodium  was  such  as  to  leave 
relatively  dark  lines  in  place  of  the  bright 
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lines   given   by  the   sodium   flame   alone, 
which  indirectly  proved  their  theory. 

Gradually,  in  accordance  with  the  require- 
ments of  the  experimentalists,  the  primitive 
means  of  inveptigation  were  improved  until 
they  developed  into  what  is  termed  the 
Bpedroscopef  a  wonderful  piece  of  mechanism 
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designed  for  the  better  carrying  out  of  theee 
most  delicate  researches.  Equipped  with 
this  instrument,  modern  science  has  done 
wonders.  New  elements  have  been  discov- 
ered; the  constituent  elements  of  the  sun, 
the  comets,  the  fixed  stars,  and  the  nebulae 
have  been  investigated  and  ascertained;  and 
chemistry  and  astronomy  have  been  united 
in  restless  research  and  discovery. 

The  spectroscope  in  its  simplest  form,  as 
shown  in  Fig.  4,  is  a  combination  of  a  prism 
with  three  tubes.  At  the  end  of  tube  a  is  a 
narrow  slit  through  which  the  light  passes 
into  the  tube  to  a  lens  that  throws  it  on  the 
flint-glass  prism  h  in  the  form  of  a  narrow 
band.  This  prism  refracts  the  light  at  a 
certain  angle,  depending  on  its  color,  and 
this  line  of  refracted  light  is  viewed  through 


and  the  prism  is  so  arranged  that  it  can 
be  rotated,  thus  accomplishing  the  same 
object. 

While  the  spectroscope  is  in  use,  a  black 
curtain  is  thrown  over  the  prism  and  the 
ends  of  the  tube,  in  order  to  exclude  all 
extraneous  light.  The  tube  through  which 
the  light  is  admitted  is  15  inches  long,  and 
the  slit  that  serves  as  entrance  for  the  light 
is  about  T^  inch  wide,  and  is  made  by  placing 
two  knife  edges  close  together.  The  tele- 
scope is  18  inches  long,  and  the  eyepiece  is 
furnished  with  a  micrometer  for  observing 
accurately  the  dark  lines  or  colored  bands  in 
the  spectrum.  A  delicate  vernier,  which  is 
a  short  graduated  scale  that  slides  along  a 
lengthier  one  and  thus  indicates  the  frac- 
tions of  division,  is  attached  to  the  eyepiece. 
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the  tube  c,  which  contains  a  lens  and  acts  as 
a  telescope.  The  third  tube  d  contains  a 
scale  that  may  be  thrown  into  the  spectrum 
by  the  light  e  at  the  end  of  the  tube.  By 
this  means,  the  spectrum,  when  viewed 
through  the  tube  c,  appears  in  connection 
with  the  scale,  so  that  the  exact  position  of 
the  lines  may  be  noted.  The  instrument  is 
generally  mounted  on  a  brass  support,  as 
shown  in  the  illustration.  The  entire  spec- 
trum, however,  cannot  be  seen  at  once, 
hence  the  tube  c  is  generally  made  so  that  it 
may  be  turned  to  bring  the  different  parts  of 
the  spectrum  successively  in  view.  In  some 
instruments,  the  tube  c  is  made  stationary, 


so  that  any  dark  or  light  lines  may  be  accu- 
rately determined  relative  to  the  principal 
lines  of  Fraunhofer.  The  prism  is  placed 
between  the  object  glass  of  the  light  tube 
and  that  of  the  spectroscope  in  such  a  way 
that  it  presents  one  of  its  edges  to  each,  that 
in  front  of  the  light  tube  being  parallel  to 
the  slit  admitting  the  hght  at  the  other  end. 
This,  in  brief,  is  a  description  of  the  most 
commonly  used  instruments.  For  very 
delicate  work,  instruments  with  various 
improvements  have  been  constructed,  the 
best  instruments  being  those  in  which  the 
ray  is  passed  through  a  series  of  prisms. 
An  instrument  having  four  prisms  is  shown 
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in  Fig.  5,  but  inetraments  are  made  having 
as  many  as  twenty  prisms.  The  object  of 
increasing  the  number  of  prisms  is  to  open 
oat  the  rays,  so  that  greatly  increased  dis-  • 
persion  is  secured.  By  this  great  lengthen- 
ing out  of  the  solar  spectrum,  the  dark  lines 
are  kept  eo  far  apart  that  an  extremely 
delicate  scale  is  formed,  which  greatly  facil- 
itates observation. 

Bnnsen's  investigation  led  to  his  discovery 
of  the  element  lithium,  in  1860,  that  of 
thalinm  by  William  Grookes,  and  that  of 
iridium  by  Richter.  A  worthy  compeer 
and  colleague  of  Bunsen,  as  has  already 
been  stated,  was  Gustav  Kirchhof,  whose 
exposition  of  the  astounding  &ct6,  developed 
in  rapid  succession  by  his  investigations  with 
the  spectroscope,  at  once  made  him  famous. 

Professor  Nichol,  more  than  20  years 
previous  to  this  time,  in  his  "Architecture 
of  the  Heavens,"  had,  with  wonderful 
hyperbole,  spoken  of  modem  astromony 
as  "carrying  among  the  spaces  of  the  fixed 
stars  the  precise  tape  of  the  surveyor,  and 
dividing  their  intervals  with  mile  stones." 
Seeing  that  the  telescope  had  now  called  to 
its  aid  the  agency  of  spectrum  analysis, 
something  far  more  wonderfol  was  achieved 
than  the  mere  measuring  of  interstellar 
distances. 

With  the  aid  of  the  spectroscope,  scientific 
observers  found  themselves  enabled  to  throw 
an  entirely  new  light  on  the  constitution  of 
the  universe.  Altbough  their  researches  in 
regard  to  the  sun,  for  instance,  could  be 
carried  on  only  across  a  distance  of  90,000,000 
miles,  they  were  enabled,  thanks  to  the 
newly  constructed  spectroscope  and  Bunsen's 
and  Kirchhof  s  original  researches,  to  dis- 
cover the  fact  that  in  that  remote  orb  existed 
at  least  ten  metals  that  are  common  to  it 
and  to  our  own  earth,  namely,  iron,  sodium, 
potassium,  chromium,  magnesium,  nickel, 
calcium,  barium,  copper,  and  zinc,  while 
Earchhof  had  already  proved  the  presence 
'of  hydrogen  in  the  solar  atmosphere. 

Applying  the  test  of  spectrum  analysis  to 
the  comets  and  nebulae,  it  was  distinctly 
proved  that  they  were  nothing  more  sub- 
stantial than  enormous  masses  of  glowing 
hydrogen,  which,  in  a  state  of  intense  incan- 
descence, were  fiying  with  inconceivable 
velocity  through  space.  Starlight  also  has 
been  examined,  and  it  has  been  found  that 
the  stars  are  constituted  very  much  the  same 
as  the  dazzling  center  of  our  own  system, 
yet  the  spectrum  of  each  star  so  far  ex- 
amined shows  that  a  marked  difference  exists 
between  them. 


How  the  physical  cohstitution  of  the 
heavenly  bodies  can  be  deduced  with  such 
an  absolute  certainty  irom  the  revelations  of 
spectrum  analysis  will  now  be  explained  in 
a  few  words. 

It  may  be  assumed  as  a  matter  of  fact  that 
light  can  be  produced  from  anything  that  is 
sufficiently  heated.  The  sun,  the  comets, 
the  stars,  and  the  nebulae  radiate  light 
because  they  are  in  a  state  of  absolute  igni- 
tion. Knowing  that  light,  however  it  may 
be  produced,  can  be  prismatically  analyzed, 
the  physicist  and  astronomer  hegfiXL  to  sub- 
ject one  thing  after  another  to  this  searching 
kind  of  disintegration.  It  was  found  that 
every  element,  when  its  vapor  was  ignited, 
gave  forth  rays  so  peculiar  to  itself  that  it 
could  readily  be  identified.  All  the  spectra 
obtained  from  the  light  emitted  by  incan- 
descent elementary  substances  differed  en- 
tirely, and  it  was  readily  perceived  that  the 
bright  lines  characteristic  of  each  correspond 
to  groups  of  dark  lines  given  by  the  solar 
spectrum. 

That  lights  of  various  colors  can  be  arti- 
ficially produced  is  well  known,  and,  but 
for  this,  displays  of  fireworks  would  lose 
half  their  attraction.  Strontium,  for  in- 
stance, gives  red  light;  barium  compounds, 
a  greenish  light;  sodium,  a  yellow;  copper, 
a  beautiful  dark  green;  iron,  an  orange 
brown;  lithium,  a  beautiful  crimson;  etc 
Any  artificial  fiame  from  a  ray  thus  tinted, 
on  being  passed  successively  through  the  slit 
and  the  prism  of  the  spectroscope,  reveals 
unmistakable  evidence  of  the  existence,  in 
the  fiame,  of  the  element  from  which  it  has 
emanated;  in  fact,  a  well-defined  spectral 
image  is  obtained,  about  the  identity  of 
which  there  can  be  no  doubt  whatever.  As 
an  illustration  of  this,  a  few  of  the  metallic 
spectra  may  be  here  particularized.  That  of 
strontium  shows  six  red  lines,  one  orange, 
and 'one  blue;  that  of  lithium  discloses  two 
sharply  marked  lines,  one  of  wliich  is  red 
while  the  other  is  yellow.  Calcium  makes 
itself  apparent  in  its  spectrum  by  several 
fiftint  intermediate  bands  between  a  line  of 
the  brightest  green  and  another  of  the  most 
beautifril  orange;  barium  is  readily  recog- 
nized by  an  array  of  bright-green  lines,  sev- 
eral yellow  lines,  a  red,  and  an  orange  line. 

The  most  remarkable  fact  in  connection 
with  the  luminous-colored  demarcations 
noticeable  in  artificial  spectra,  is  that,  in 
numerous  cases,  they  coincide  with  the 
dark  lines  observed  in  the  solar  spectrum. 
Upon  a  critical  examination  and  comparison 
of  the   spectra  of  the  incandescent  gases 
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with  those  of  the  sun,  the  fact  has  been 
demonstrated  that  the  position  of  the 
bright  lines  artificially  produced  is  in  exact 
harmony  with  the  position  of  the  dark  lines 
in  the  solar  spectrum,  and  from  Kirchhof  s 
memorable  recognition  of  this  dates  the  first 
knowledge  obtained  by  us  of  the  physical 
constitution  of  the  sun's  atmosphere.  Not 
only  one  but  a  considerable  number  of  ele- 
ments possess  bright-colored  lines  in  their 
spectra  that  are  positively  identical  with 
some  of  the  dark  lines  observed  in  the  sun 
spectrum. 

Although,  at  first  glance,  an  explanation 
of  this  curious  identity  between  the  bright 
and  the  dark  lines  might  appear  a  difficult 
matter,  it  is  a  problem  comparatively  easy  to 
solve,  the  generally  accepted  theory  of  the 
origin  of  the  dark  lines  being  that  the  light 
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emanating  from  incandescent  bodies  in  the 
act  of  passing  through  an  ignited  vapor  is 
absorbed,  and  the  rays  thus  absorbed  are 
those  that  the  burning  vapor  itself  radiates. 
Thus,  according  to  Kirchhof,  the  light 
emitted  by  the  light-giving  envelope,  or 
photosphere,  as  it  is  usually  called,  of  the 
sun,  in  darting  forth  from  itkdX  great  lumi- 
nary, is  so  effectually  absorbed  by  the  vapors 
of  various  heated  substances  in  the  solar 
atmosphere  that  the  only  light  that  reaches 
the  earth  is  that  which  has  avoided  absorp- 
tion in  passing  through  the  solar  vapors. 

Immediately,  therefore,  on  recognizing  the 
&ct  that  the  dark  lines  in  the  solar  spectrum 
were  absolutely  identical  with  the  luminous- 
colored  lines  seen  in  the  spectra  of  certain 
ignited  elements,  the  deduction  arrived  at 


was  that  the  vapors  of  these  same  ele- 
ments must  exist  in  the  sun's  atmosphere. 
Kirchhof,  in  1861,  wrote  as  follows:  "  In 
order  to  test,  in  the  most  direct  manner 
possible,  the  truth  of  the  frequently  asserted 
fiEust  of  the  coincidence  of  the  sodium  lines 
with  the  lines  D,  J,  I  obtained  a  tolerably 
bright  solar  spectrum,  and  brought  a  flame 
colored  by  sodium  vapor  in  front  of  the  slit. 
I  then  saw  the  dark  lines  D  change  into 
bright  ones.  The  flame  of  a  Bunsen  burner 
threw  the  bright  sodium  lines  on  the  eolar 
spectrum  with  unexpected  brilliancy." 

Not  satisfied  with  this  demonstration, 
Kirchhof  tells  how  he  made  another,  the 
startling  results  of  which  he  recounts  as 
follows:  *'  In  order  to  find  out  the  extent 
to  which  the  intensity  of  the  solar  spectrum 
could  be  increased  without  impairing  the 
distinctness  of  the  sodium  lines,  I 
allowed  the  full  sunlight  to  shine 
through  the  sodium  flame  on  the 
slit,  and,  to  my  astonishment,  I  saw 
that  the  dark  D  lines  appeared  with 
an  extraordinary  degree  of  clear- 
ness. ' '  He  further  remarks  that  the 
phenomenon  may  be  explained  on 
'the  supposition  that  the  sodium 
flame  absorbs  rays  of  the  same 
degree  of  refrangibility  as  those  it 
emits,  and  is  p^ectly  transparent 
for  all  other  rays.  Further  on,  in 
support  of  this  theory,  he  calls  atten- 
tion to  the  fact  that  nitrous  acid  and 
iodine  vapor  visibly  possess  this 
property  of  selective  absorption. 

To  Kirchhof  and  Bunsen  we  are 
thus  indebted  for  the  application  of 
spectrum  observations  to  qualitative 
analysis.  In  the  prosecution  of  their 
inquiries,  they  compared  the  spectra 
of  the  50  elements  then  known  with  those 
of  the  sun,  showing,  as  a  result  of  these 
painstaking  observations,  that  these  familiar 
terrestrial  elements  of  ours  are  widely  dif- 
fused throughout  the  universe. 

These  two  famous  exponents  of  the  spec- 
troscope were  followed  by  two  Englishmen, 
William  Huggins  and  Doctor  Miller,  who, 
scrutinizing  the  spectra  of  the  comets,  not 
only  demonstrated  the  &ct  that  these  mys- 
terious bodies  are  essentially  different  in 
every  respect  from  the  sun,  but  they  also 
proved  satisfactorily  that  Weinecke's  comet 
was  nothing  more  or  less  than  an  immense 
mass  of  carbon  in  a  state  of  incandescence. 
Drawing  in  nebular  light  from  the  farthest 
observable  abysses  of  space,  they  made  plain, 
from  the  circumstance  of  their  showing  only 
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a  few  bright  lineB  in  the  Bpectroscope,  that 
those  mysterious  sheeny  lights  in  the  heav- 
ens, the  nebulse,  are  nothing  more  than 
heated  matter  in  a  gaseous  condition. 

In  many  respects,  the  most  wonderftd  of 
all  Huggins's  achievements  in  the  way  of 
applying  spectroscopic  research  to  the 
advancement  of  our  astronomical  knowledge 
is  the  fact  that  he  determined  with  the 
utmost  accuracy  the  motion  of  several  of 
those  almost  indefinitely  removed  heavenly 
bodies  that  are  only  nominally  fixed  stars, 
and  that  lie  in  the  outer  depths  of  space  at 
distances  beyond  the  limits  of  the  solar 
system  which  are  hardly  conceivable. 
This  wonderftil  achievement  was  gained  by 
observing  the  displacement  of  the  dark  lines 
in  the  spectrum  derived  from  the  pin- 
point like. twinkle  of  one  of  those  incon- 
ceivably remote  luminaries. 

So  remote,  indeed,  are  these  flxetl  stars 
that  the  slender  shafts  of  light  received  from 
them  can  only  be  opened  out  into  a  spec- 
tmm  by  passing  them  through  a  cylindrical 
lens  placed  in  the  focus  of  the  object  glass 
immediately  in  front  of  the  slit.  Without 
this  artificial  aid,  the  image  obtained  from 
the  light  through  the  prism  of  the  spectro- 
scope would  have  been  nothing  but  a  very 
thin  line,  without  sufficient  breadth  to 
recognize  the  spectral  lines.  Besides  this, 
the  dispersive  power  of  the  spectroscope  em- 
ployed for  this  purpose  was  increased  by 
the  use  of  two  prisms  of  very  dense  glass, 
and  the  spectrum  thus  revealed  was  viewed 
through  a  telescope  of  particularly  short 
focal  length.  This  telescoi>e,  moreover,  was 
kept  in  motion  by  means  of  a  clockwork 
during  the  time  of  observation,  so  as  to 
insure  the  star,  as  far  as  the  revolution  of 
the  earth  upon  its  axis  is  concerned,  as 
nearly  as  possible  a  stationary  field  of  the 
spectroscope. 

Examining  thus  the  star  Sirius,  which  is 
one  of  the  nearest  as  well  as  one  of  the 
brightest  of  the  fixed  stars,  Huggins  dis- 
covered, purely  through  the  displacement 
of  the  delicate  lines  upon  its  spectrum,  that 
it  is  receding  from  us  at  the  rate  of  approxi- 
mately 26  miles  a  second,  widening  the  gulf 
between  the  solar  system  and  itself  every 
year  by  many  millions  of  miles.  Thanks  to 
the  investigations  of  Huggins,  we  know  that 
the  orb  of  Sirius  contains  vast  quantities  of 
sodium  and  magnesium,  that  its  atmosphere 
abounds  in  hydrogen,  and  that,  though  still 
one  of  the  brightest  of  the  fixed  stars,  it  has 
for  centuries  been  receding  from  the  solar 
system  at  the  rate  of  about  26  miles  a  second. 


Through  the  agency  of  the  spectroscope,  we 
have  learned  similar  facts  in  regard  to  other 
stars  at  absolutely  unmeasurable  distances 
from  us. 

As  amazing  as  the  revelations  already  made 
by  means  of  the  spectroscope  undoubtedly 
are,  there  can  be  no  question  whatever  but 
that  this  comparatively  young  science  of 
spectrum  analysis  is  yet  in  its  infancy.  Who 
can  forecast— who  can  even  remotely  con- 
jecture—what may  yet  be  the  fruits  of  its 
development?  So  to  speak,  the  two  infini- 
tudes, the  infinitely  small  and  the  infinitely 
great,  are  open  before  it  for  investigation. 

With  the  microspectroscope,  a  combina- 
tion of  the  spectroscope  and  the  microscope, 
very  minute  particles  may  be  subjected  to  a 
scrutiny  from  the  searching  character  of 
which  there  is  no  escape  whatever.  In 
proof  of  this,  it  will  suffice  to  say  that  the 
thousandth  part  of  a  grain  of  blood  is 
instantly  detected  from  the  unmistakable 
dark  lines  revealed  by  its  spectrum.  In  fact, 
so  delicate  is  the  operation  of  the  spectro- 
Booi>e,  even  without  its  power  being  increased 
by  the  supplementary  aid  of  the  microscoi>e, 
that  the  smallest  possible  particle  of  salt,  for 
instance,  reveals  itself  by  two  intense  yeUow 
lines  in  the  spectrum,  or  the  merest  trace  of 
lithium  by  its  two  somewhat  separated  lines, 
one  of  which  is  red  and  the  other  yellow. 
Calcium  discloses  its  presence  by  75  lines  in 
its  spectrum,  iron  by  60  bright  lines  arranged 
in  a  peculiar  fiEUshion,  etc. 

One  of  the  most  prominent  investigators 
of  the  day  is  Norman  Lockyer,  of  England, 
through  whose  investigations  an  extraordi- 
nary amount  of  knowledge  has  been  already 
acquired  regarding  the  actual  state  of  things 
in  the  sun.  According  to  the  revelation 
thus  made  through  spectrum  analysis  as  to 
the  conditions  of  our  great  central  luminary, 
it  is  now  known  that  around  the  sun, 
though  an  immense  distance  from  it,  there 
is  a  cooler  atmosphere,  whence,  in  fact,  comes 
the  circle  of  light,  or  coronaj  as  it  is  called, 
that  visibly  radiates  into  space  in  all  direc- 
tions around  the  hidden  sphere  at  the  time 
of  a  total  solar  eclipse.  Nobody  knows  with 
certainty  what  this  corona  is.  There  are,  of 
course,  various  theories,  but  none  that  is 
accepted  by  astronomers  in  general.  Some 
of  tJie  greatest  mysteries  of  the  universe 
depend  on  the  determination  of  this  question, 
and  the  spectroscope  may  give  us  thib  infor- 
mation. If,  as  it  is  believed,  this  corona  is 
a  rain  of  meteoric  dust,  it  will  reveal  itself 
in  the  spectroscope  and  show  the  same 
spectrum  as  the  sun;  if,  on  the  other  hand, 
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it  is  amass  of  glowing  gaees,  their  com- 
position or  nature  will  also  be  shown  in  the 
same  way. 

A  total  sun  eclipse  furnishes  the  most 
favorable  time  for  observation  of  this  and 
many  other  phenomena,  for  at  other  times 
the  K^eat  luminary  is  like  a  flaming  cloak  to 
hide  its  secrets.  A  total  eclipse  of  the  sun 
took  place  on  May  28,  the  period  of  totality 
varying  in  this  country  from  78  to  106  sec- 
onds. This  is  but  a  very  short  time,  and  it 
would  not  allow  very  extended  researches 
were  it  not  for  the  fici  that  the  never-rest- 
ing human  ingenuity  had  brought  forth 
photography  as  an  aid  of  spectroscopy. 
The  spectroscope  and  camera  combined 
were  used  to  great  advantage,  and  the 
results  thus  mechanically  recorded  with 
absolute  accuracy  can  be  studied  at  leisure. 
To  Prof.  Henry  A.  Bowland,  of  Johns  Hop- 
kins University,  Baltimore,  Md.,  belongs 
the  credit  of  bringing  spectrum  photogra- 
phy to  its  present  state  of  perfection. 

Besides  the  examination  of  the  corona  of 
the  sun,  there  are  numerable  other  problems 
of  vital  interest,  one  of  the  most  ftiscinating 
of  which  deals  with  what  astronomers  call 
the  reverting  layer  of  the  sun.  This  term  is 
applied  to  the  region  in  which  exist,  in  the 
most  favorable  form,  the  gases  that  make 
the  dark  lines  in  the  spectrum.  Its  posi- 
tion may  be  readily  understood  from  a  short 
statement  regarding  the  generally  adopted 
theory  of  the  constitution  of  the  sun.  Our 
sun  is  supposed  to  consist  of  an  interior 
part— a  core,  so  to  speak — of  which  little  is 
known  so  far.  It  is,  however,  generally 
assumed  that  it  consists  of  intensely  heated 
gases.  This  Core  is  surrounded  by  a  shell 
of  luminous  vapors,  the  photosphere,  as 
has  been  already  mentioned,  formed  by  the 
cooling  and  condensing  of  vapors  on  which 
the  cold  of  the  outer  atmosphere  has  begun 
to  have  some  effect.  The  reversing  layer  is 
just  over  the  photosphere,  and  above  it  is  the 
chromosphere,  composed  of  uncondensable 
gases  left  unaltered  by  the  condensation  of 
the  gases  forming  the  photosphere. 

This  envelope  has  a  rose-colored  tint,  and 


rises  at  times  in  large  and  flaming  promi- 
nence, extending  largely  beyond  the  apparent 
surface  of  the  sun.  Outside  the  <^romo- 
sphere  is  the  corona.  Although  it  appears 
certain  that  by  no  means  does  all  the 
absorption  of  light,  which,  as  we  have  seen, 
produces  the  dark  lines  in  the  spectrum 
discovered  by  Wollaston,  occur  in  the 
reversing  layer,  yet  it  is  a  matter  of  vital 
importance  to  the  epectroscopist  A  total 
sun  eclipse  famishes  the  most  wondrous 
and  beautiful  spectacle  that  the  spectro- 
scopist  can  desire  to  see.  When  the  moon 
advances  across  the  face  of  the  sun,  it  ulti- 
mately reaches  a  point  when  the  photo- 
sphere appears  to  be  entirely  hidden;  at 
this  moment,  the  character  of  the  spectrum 
changes— the  spectrum  of  the  sun  through 
the  reversing  layer  is  no  longer  observed, 
but  the  spectrum  of  the  reversing  layer 
itself  is  visible  to  the  eye,  apd  bright 
lines  instead  of  dark  ones  appear  all  over 
the  spectrum.  This  layer  is  only  about  a 
thousand  miles  thick,  and  the  opportunities 
for  observing  this  phenomenon,  generaUy 
known  as  the  jUuh  spedrum^  last  only  a  few 
seconds.  It  is  probable  that,  on  May  28, 
by  the  aid  of  the  new  appliances,  photo- 
graphs of  the  flash  spectrum  were  taken 
which  far  surpass  in  interest  and  importance 
any  ever  before  secured. 

These  spectroscopic  studies  of  the  sun  are, 
however,  not  only  of  importance  to  the 
astronomer,  for  they  touch  the  most  funda- 
mental problems  and  principles  of  science. 
The  ordinary  sun  spectrum,  for  instance, 
does  not  show  any  trace  of  nitrogen,  bro- 
mine, iodine,  chlorine,  boron,  phosphorus, 
or  arsenic,  while  the  presence  of  oxygen  is 
still  doubtful.  These  elements  occur  abun- 
dantly on  our  earth,  and  as  our  globe  is 
supposed  to  be  originally  a  part  of  the  sun, 
the  question  arises  as  to  why  these  elements 
do  not  occur  in  the  spectrum  of  the  sun. 
Are  they  really  elements  and  entirely  absent 
from  the  sun,  or  are  they  decomposed 
through  the  influence  of  the  temperature 
into  still  simpler  bodies,  and  is  our  ele- 
mental theory  at  fkult? 
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Objections  to  Asc  Lamps — Comparison  of  the  Electtbic  Arc  and  the  Welsbach  Incan- 
descent Lamp  for  Street  Lighting — Incandescent  Electric  Lamps 


THE  iDtroduction  of  electric  arcs  on  the 
streets  of  Paris  in  1879,  and  at  Wabash, 
Indiana,  in  1880,  marked  an  era  in 
pablic  street  lighting.  Prior  to  these  dis- 
plays of  the  electric  lamp,  street  lighting 
was  at  its  best  with  the  simple  gas  flame, 
which  yielded  from  3  to  4  candlepower  for 
each  cable  foot  of  gas  barned  per  hour. 
With  electric  arcs,  the  temperature  of 
illominating  points  jumped  at  once  from 
that  of  the  open  gas  flame  to  that  of  boiling 
carbon.  The  result  was  light  of  an  intensity 
never  before  equaled  by  artificial  means. 
Pablic  attention  was  at  once  fixed  on  the 
new  method  of  street  lighting,  and  the 
demand  for  it  grew  rapidly. 

During  the  last  twenty  years  arc  lamps 
have  worked  a  greater  revolution  and 
induced  a  greater  investment  in  street  light- 
ing than  had  been  achieved  by  gas  in  half 
a  century.  Not  only  every  city,  but  nearly 
all  towns,  if  we  except  the  smallest,  have 
been  wholly  or  partly  lighted  by  electric 
arcs.  In  the  important  parts  of  most  large 
cities,  arc  lamps  have  become  the  standard 
source  of  street  illumination,  and  their  num- 
ber runs  into  thousands  in  many  places. 

In  spite  of,  and  to  some  extent  because  of, 
their  rapid  and  extended  growth  in  public 
&vor,  electric  arc  lamps  have  been  the  sub- 
ject of  much  adverse  criticism.  Prominent 
among  the  objections  to  arc  lamps  for  street 
lighting  are  the  great  lack  of  uniformity  in 
the  illumination  produced,  the  strong  con- 
trasts between  light  and  dark  places,  the 
extreme  brilliancy  of  the  arc  from  certain 
angles,  and  their  cost. 

Perhaps  on  no  subject  connected  with 
electric  lighting  has  there  been  more  mis- 
understanding and  misstatement  than  con- 
cerning the  candlepowers  of  arc  lamps.  The 
nominal  candlepowers  of  2,000  and  1,200 
that  have  been  so  generally  stated  have  no 
definite  connection  with  the  intensity  of 
light  from  electric  arcs.  Relying  on  these 
deceptive  figures,  and  largely  infiuenced  by 
the  effects  of  the  electric  arc  on  the  eye, 
when  located  at  certain  points,  those  con- 
cerned in  street  lighting  have  placed  arc 
lamps  at  much  greater  distances  apart  than 
are  usual  for  gas  and  oil  burners.    The  resul  t 


in  most  places  where  electric  arcs  are  used 
for  street  lighting  is  a  number  of  luminous 
points  of  great  intensity,  to  which  the  eye 
naturally  turns,  while  the  space  to  be 
illuminated  is  a  patchwork  of  bright  spots, 
dark  areas,  and  still  deeper  shadows.  The 
eye,  shifting  at  rapid  intervals  from  the 
source  of  illumination  to  the  shadows,  is 
confronted  by  extremes  of  light  and  dark- 
ness. These  results  are,  to  a  large  extent, 
inherent  in  street  lighting  by  arc  lamps, 
unless  a  sufficient  number  are  used  to  make  a 
high  degree  of  illumination  general.  Some 
consideration  of  the  structure  and  nature  of 
arc  lamps  will  make  this  evident. 

An  arc  lamp  consists,  substantially,  of  a 
frame  adapted  to  hold  two  carbon  rods,  and 
an  automatic  mechanism,  electrically  actu- 
ated, by  means  of  which  the  carbon  rods 
are  moved  together  as  they  are  disinte- 
grated. The  electric  arc  between  the  carbon 
points  must  be  located  at  an  intermediate 
point  of  the  frame,  and  the  closeness  of  the 
frame  to  the  source  of  light  causes  a  lai^ge 
shadow.  A  globe  is  necessary  to  protect 
the  carbon  points  from  storm  and  wind. 
If  a  clear  glass  globe  is  used,  about  10  per 
cent,  of  the  light  is  intercepted,  and  the 
shadows  are  much  in  evidence.  Where  an 
opal  globe  is  used  outside  the  lamp  frame, 
shadows  are  largely  avoided,  but  the  inten- 
sity of  the  light  may  be  reduced  as  much 
as  one-half. 

The  electric  arc  between  the  ends  of 
vertical  carbon  rods  emits  an  intense  light 
through  an  angular  range  of  about  100 
d^rees,  partly  above  but  more  below  its 
horizontal  plane.  This  angular  field  of 
intense  light  varies  in  position  as  to  the 
horizontal  plane  through  the  arc,  according 
as  the  lamp  is  operated  with  direct  or  alter- 
nating current,  also  according  as  the  arc  is 
open  or  enclosed.  For  the  direct-current 
open  arc,  the  angle  of  maximum  light  is 
from  40  to  50  degrees  below  the  horizontal. 
If  the  direct-current  arc  is  enclosed,  the 
direction  of  maximum  illumination  is  raised 
to  within  about  20  degrees  of  the  horizontal, 
and  may  fall  off  but  little  between  20  and  60 
degrees  below  the  horizontal.  The  open 
alternating  arc  has  a  luminous  field  from 
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abont  60  degrees  above  to  60  degrees  below 
its  horizontal  plane,  but  when  this  arc  is 
enclosed,  its  field  of  maximum  effect  is  con- 
tracted to  about  100  degrees. 

One  cause  for  the  general  misunderstand- 
ing concerning  the  candlepower  of  arc  lamps 
has  arisen  from  the  fietct  that  the  open 
direct-current  arc  yields  a  light  that  often 
reaches  an  intensity  of  1,000  to  1,500  candles 
through  a  range  of  perhaps  5  to  10  degrees 
at  40  to  50  degrees  below  the  horizontal. 
Now,  the  candlepower  of  artificial  sources  of 
light  is  computed  as  a  mean  of  the  intensity 
of  light  in  every  direction  from  the  source, 
so  that  a  high  intensity  through  only  a 
small  field  may  correspond  to  a  low  mean 
spherical  candlepower.  This  is  just  the 
case  with  the  direct-current  open  arc,  where, 
in  a  500-watt  lamp,  the  mean  spherical 
candlepower  is  from  300  to  400,  according  to 
the  condition  of  the  arc  and  the  kind  of 
carbons  used.  These  figures  are  for  the 
bare  arc,  with  no  globe  whatever;  if  a  large 
outside  globe  is  used,  the  light  will  be 
reduced  from  10  to  50  per  cent.  The 
enclosed  direct-current  arc,  so  called  from 
the  small  and  nearly  air-tight  globe  that 
surrounds  it,  yields  about  225  mean  spher- 
ical candlepower  when  operated  with  an 
opal  inside  and  clear  outside  globe,  the  rate 
of  energy  consumption  being  500  watts. 

An  enclosed  alternating  arc,  consuming 
500  watts,  gives  about  150  mean  spherical 
candlepower  with  an  opal  inner  and  a  dear 
outer  globe.  Arcs  operated  on  series  cir- 
cuits, as  above,  are  more  economical  than  on 
constant  pressure. 

This  reduction  of  arc^lamp  candlepower 
to  its  mean  spherical  intensities,  and  the 
expression  of  its  relation  to  the  energy  con- 
sumed, make  possible  a  rational  compari- 
son with  other  artificial  sources  of  illumi- 
nation. During  the  past  five  years,  attention 
has  turned  more  and  more  from  the  bright- 
ness of  electric  arcs  to  the  prevailing  dark- 
ness over  large  portions  of  street  areas  that 
they  are  supposed  to  light.  The  truth  that 
the  desideratum  in  street  lighting  is  uniform 
illumination  is  receiving  more  recognition. 
Means  are  being  sought  to  make  the  dark 
places  in  streets  brighter,  even  if  the  bright 
spots  have  their  light  diminished.  To  secure 
equally  satisfactory  effects  with  different 
systems  of  street  lighting,  each  should  be 
designed  for  equal  minimum  illumination  at 
any  point. 

Gas  street  lighting  has  suffered  far  more 
displacement  than  any  other  by  the  intro- 
duction of  electric  arcs,  but  now  gas  is  a  far 


more  effective  lighting  agent  than  it  was 
twenty  years  ago.  Then,  the  open  bats- 
wing  flame  yielded  a  little  more  than  3 
candlepower  per  cubic  foot  of  gas  burned 
per  hour.  Now,  Welsbach  burners  give  a 
mean  spherical  intensity  of  fuUy  12  candle- 
power  per  cubic  foot  of  gas  per  hour.  This 
great  increase  in  the  illuminating  power  of 
gas  is  now  operating  to  displace  electric 
arcs  for  street  lighting.  How  far  this  dis- 
placement will  go  depends  on  several  &ctors. 

To  appreciate  the  relative  advantages  of 
Welsbach  burners  and  arc  lamps  for  street 
lighting,  where  the  minimum  illumination  is 
to  be  equivalent  with  each  system,  compare 
results  and  costs  for  Welsbach  gas  lamps 
burning  5  cubic  feet  per  hour  and  open 
direct-current  arc  lamps  consuming  500 
watte  each.  The  mean  spherical  candle- 
power  of  each  arc  lamp  is  about  six  times  that 
of  a  gas  burner  in  this  case,  so  that  for  equal 
illumination  at  the  darkest  points,  the  arc 
lamps  must  be  approximately  2.5,  or  v'6f 
times  as  far  apart  as  the  Welsbach  burners. 
This  result  is  due  to  the  well-known  law 
that  the  intensity  of  light  decreases  as  the 
square  of  the  distance  firom  its  source  in- 
creases, and  2.5'  =  6.25. 

Owing  to  the  requirement  of  gas  lamps  at 
all  comers,  when  they  are  used,  the  propor- 
tion of  Welsbach  burners  to  arc  lamps  may 
be  taken  as  3  to  1.  As  each  gas  burner  was 
assumed  to  require  5  cubic  feet  of  gas  per 
hour,  the  three  burners,  to  replace  one  arc 
lamp,  would  consume  15  cubic  feet  hourly, 
at  a  cost  of  2.26  cents  when  gas  sells  for 
$1.50  per  1,000  cubic  feet.  For  a  night  of 
10  hours,  these  three  Welsbach  bumers, 
therefore,  consume  gas  to  a  value  of  22  5 
cents,  or  about  two-thirds  of  the  amount 
paid,  on  an  average,  for  a  500-watt  aro  lamp 
during  an '  equal  time.  This  comparison 
applies  to  arc  lamps  and  Welsbach  burners, 
without  regard  to  the  actual  number  of  each, 
so  long  as  their  relative  numbers  remain 
such  as  to  produce  equal  illumination  of 
points  most  distant  from  lamps  in  either 
system.  The  figures  given  are  rather  fjavor- 
able  to  arc  lamps,  because  no  account  is 
taken  of  their  shadows,  and  because  the 
open  direct-current  arc,  having  a  higher 
candlepower  than  any  of  the  others  on  a 
given  energy  consumption,  has  been  need 
as  a  basis.  On  the  figures  given,  the  advan- 
tage in  cost  of  operation  for  incandescent 
gas  lamps,  over  electric  arcs,  to  produce 
equal  minimum  degrees  of  illumination,  is 
so  large  as  to  furnish  a  strong  inducement 
to  the  use  of  the  former  for  street  lighting. 
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Cluuigefl  in  favor  of  Welsbach  bumera 
have  already  been  made  in  a  number  of 
cities.  In  Europe,  Munich  is  lighted  with 
about  7,000  Welsbach  burners;  Berlin  uses 
nearly  35,000  of  the  same  illnminants,  and 
Paris  has  substituted  incandescent  gas  lamps 
on  some  of  its  most  famous  streets.  It  is 
reported  also  that  Liverpool  has  discon- 
tinued electric  street  lighting  from  a  munic* 
ipal  plant,  and  is  using  incandescent  gas. 
In  the  United  States,  Welsbach  burners  are 
in  use  for  street  lighting,  to  a  greater  or 
less  extent,  in  New  York,  Philadelphia, 
Baltimore, Washington,  Cleveland,  St.  Louis, 
New  Haven,  Worcester,  Richmond,  and 
many  other  cities.  Comparing  present  con- 
ditions with  those  of  1880,  the  time  seems 
ripe  for  another  revolution  in  street  lighting; 
in  fact,  it  has  already  begun.  Of  this  revo- 
lution, it  may  be  certainly  said  that  it  is 
against  lamps  of  high  candlepower,  located 
at  comparatively  long  intervals,  so  as  to 
produce  great  variations  in  the  intensity  of 
street  illumination  at  different  points. 

The  kind  of  lamp  to  be  used  most  gen- 
erally in  street  lighting  of  the  future  is  not 
so  clear.  Apparently,  the  most  important 
systems  to  be  considered  are  electric  arc 
lamps,  incandescent  gas  lamps,  and  incan- 
descent electric  lamps.  Because  arc  light- 
ing is  proving  unsatisfactory,  as  at  present 
carried  out,  it  by  no  means  follows  that  it 
cannot  be  so  modified  as  to  retain  a  large 
part  of  the  lighting  on  more  important 
streets.  At  present,  nearly  all  arc  street 
lamps  consume  from  300  to  500  watts  each, 
but  arc  lamps  can  be  made  in  much  smaller 
sizes  if  desired.  The  cost  of  an  arc-lamp 
mechanism  varies  but  little  for  any  probable 
change  in  its  capacity,  and  this  fact  oper- 
ates to  discourage  the  use  of  very  small 
arcs.  Again,  the  voltage  required  at  the  arc 
remains  practically  constant,  whatever  the 
candlepower,  and  the  use  of  many  small 
arcs  would  entail  more  expensive  methods  of 
distribution  than  are  now  common .  Whether 
electric  arcs,  sufficiently  reduced  in  capacity 
to  compare  with  incandescent  gas  or  electric 
lamps  as  to  uniform  distribution  of  light,  can 
compete  with  them  in  price,  remains  to  be 
demonstrated.  That  incandescent  gas  burn- 
ers furnish  any  required  degree  of  street 
illumination  at  the  darkest  points  for  mate- 
rially less  cost  than  the  present  arcs,  is 
clearly  established.  ' 

There  remains  for  consideration  street 
lighting  by  incandescent  electric  lamps. 
Unfortunately  for  the  electric  street-lighting 
industry,  it  has  been  thus  ikr  mainly  carried 


on  with  short-filament  low-voltage  lamps  in 
series,  a  system  that  has  great  inherent  dis- 
advantages. There  is  no  good  reason,  how- 
ever, why  incandescent  electric  street  lamiM 
should  not  be  operated  at  as  high  a  voltage  as 
those  for  interior  use,  with  the  consequent 
long  filaments  and  far  more  satisfactory 
results  from  the  standpoint  of  electric  sta- 
tions and  the  public.  Such  incandescent 
electric  street  lamps  will  certainly  furnish 
any  minimum  degree  of  illumination  at  a  less 
cost  than  the  present  arcs,  and  wiU  seriously 
compete  with  Welsbach  burners.  Incandes- 
cent electric  lamps  can  now  be  regularly  had 
at  from  10  to  several  hundred  candlepower, 
the  16-candlepower  lamp  consuming  50  watts 
being  the  most  common  size. 

Compared  with  the  most  efficient  type  of 
arc  giving  350  mean  spherical  candlepower, 
the  16-candlepower  incandescent  lamp  is 
to  the  arc  in  brilliancy  as  1  isto  22.  The  arc 
lamps  may,  therefore,  be|/22  =  4.7  times 
as  far  apart  as  the  incandescent,  so  that, 
allowing  a  little  for  comers,  there  must  be 
five  incandescent  lamps  to  give  a  minimum 
illumination  equal  to  that  from  one  arc  lamp. 

The  cost  of  electrical  energy,  distributed 
at  constant  pressure,  varies  much  with  the 
size,  duration,  time,  and  constancy  of  the 
load.  For  motors,  eneigy  is  sold  in  many 
places  at  4.5  cents  per  kilowatt-hour,  even  to 
users  of  a  few  horsepower.  At  certain  times 
of  day,  energy  is  sold  for  battery  charging  as 
low  as  3  cents  per  kilowatt-hour.  In  case  of 
the  large,  long,  steady  night  loads  of  incan- 
descent street  lighting,  at  constant  pressure, 
4  cents  per  kilowatt-hour  should  give  an 
excellent  return  to  large  electric  plants.  The 
five  incandescent  electric  lamps  necessary 
to  replace  one  arc  consume  250  watts,  at  a  cost 
of  1  cent  per  hour,  at  the  rate  of  4  cents  per 
kilowatt-hour.  As  a  500-watt  arc  lamp  costs, 
on  an  average,  about  3.5  cents  per  hour,  it 
is  3.5  times  as  expensive  as  16-candlepower 
incandescent  lamps,  for  a  given  minimum 
degree  of  illumination;  60-candlepower  in- 
candescent gas  burners  were  found  to  cost 
2.25  cents  per  hour,  when  used  to  replace  one 
arc,  or  2.25  times  as  much  as  electric  incan- 
descent lamps.  It  may  be  said  that  the  gas 
burners  would  make  a  better  showing  if 
used  in  smaller  sizes,  but  it  remains  to  be 
demonstrated  that  their  high  efficiency 
would  be  maintained  were  they  reduced  to 
16  candlepower  each. 

In  the  present  revolution  in  street  light- 
ing, there  is  much  to  indicate  that  arc  lamps 
will  find  a  deadly  rival  in  tiieir  once 
vanquished  enemy— gas. 
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Dbtbrmininq  thb  Length  of  the  Sections — ^Assembling  thb  Base  Mold— Bracxng  the 
Work  for  Transportation  and  Erection— Putting  on  the  Tin  Cotering 


HAVING  obtained  the  miter  cat  for  the 
base,  it  will  be  necessary,  before  laying 
out  the  fall  pattern  for  one  of  the 
octagon  sides,  to  determine  the  length 
required  for  the  patterns.  The  exact  meas- 
urements for  the  length  of  the  sides  are 
obtained  by  laying  out  a  ftill-size  plan  of 
one  quarter  of  the  octagon,  and,  in  order  to 
draw  this  plan  with  accuracy,  a  trammel  of 
sufficient  sweep  must  be  provided. 

This  trammel  may  be  constructed  from 
any  scrap  strip  metal  about  4  feet  6  inches 
long  and  3  inches  wide,  by  bending  up  on 
the  brake  i  inch  on  each  side,  as  shown  at 
(&),  Fig.  6.  Holes  4  feet  apart  are  punched 
in  this  metal  strip,  one  being  large  enough 
to  admit  a  pencil,  as  at  6,  while  the  other  is 
simply  made  so  as  to  insert  a  scratch  awl, 
as  at  a;  the  awl  is  the  center  upon  which 
the  trammel  turns. 

The  one-quarter  plan.  Fig.  6,  can  be  laid 


out  on  a  board  or  level  floor  as  follows: 
Draw  any  line,  as  &  c,  and  from  its  extremity 
draw  the  line  c  d  at  right  angles  to  it.  With 
the  trammel,  as  previously  described,  using 


Fig.  7 


Fig.  6 

c  as  a  center,  draw  the  quadrant  6  d.  At 
right  angles  to  6  c  and  c  d,  and  tangent  to  the 
quadrant,  draw  the  lines  b  e 
and  d/,  respectively,  and 
bisect  the  quadrant  bdBlg, 
Using  a  45^  triangle,  placed 
in  the  position  indicated  as 
at  i,  draw  the  line  ef  tangent 
at  g  and  intersecting  the  lines 
b e  and /d  at  e  and /.  Draw, 
also,  from  c,  two  lines 
through  e  and  /,  extending 
them  to  ^  and  j;  these  repre- 
sent the  miter  lines. 

From  the  section  F,  Fig.  3, 
it  will  be  observed  that  the 
projection  from  the  center 
of  the  column  to  the  inner 
surface  of  the  base  mold  is 
9  inches.  Therefore  (in  Fig. 
6)  lay  off,  perpendicular  to 
the  line  ef,  which  represents 
one  side  of  the  octagon  upon 
which  the  columns  are  cen- 
tered, a  distance  of  9  inches, 
and  through  the  points  thus 
obtained  draw  h  I  parallel  to 
e/and  intersecting  the 
miter  lines  at  h  and  I,  The 
distance  from  ^  to  ^  is 
found  by  measurement   to 
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be  3  feet  11}  inchei,  and  the  measnriBg  point 
on  the  pattern  is  at  R,  Fig.  4. 

The  profile  of  the  miter  cut  and  the  length 
meaaurementfl  are  now  all  obtained,  and  the 
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actual  work  of  construction  can  proceed.  In 
Fig.  7  is  shown  a  sheet  of  metal  A  B  CD 
laid  on  the  top  of  a  bench,  with  the  side  D  C 
perfectly  straight  and  true.  The  miter  cut, 
shown  by  MRPN  in  Fig.  4,  has  been 
transferred  to  a  piece  of  sheet  iron  and  cut 
out,  thus  forming  the  templet,  or  pattern, 
represented  in  Fig.  7  \>y  EF,  This  pattern 
is  placed  square  on  the 
sheet  by  laying  the  ver- 
tical side  edge  of  the 
pattern  at  right  angles  to. 
the  trued  edge  of  the 
sheet  The  m  iter  cut  E  F 
and  the  necessary  dots  are 
then  marked  off;  the  dots  indicate  where  the 
bends  are  to  be  made.  From  J,  which  is 
the  measuring  point  of  the  base,  lay  off  3 
feet  Hi  inches,  and  reverse  the  pattern, 
marking  the  profile  OH,  and  putting  in  the 
dotted  points  for  bending. 
Upon  removing  the  templet, 
or  pattern,  cut  out  with  the 
shears  the  sharp  profile  EF, 
as  shown;  in  cutting  the 
other  end  of  the  sheet,  allow 
the  laps,  as  at  O  H. 

If  the  base  is  made  in  three 
sections,  joined  by  two 
seams,  as  previously  men- 
tioned in  connection  with 
Fig.  4,  the  lengths  of  the 
sections  can  be  readily 
obtained.  For,  since  the  seams  are  placed  at 
S  and  Sy  as  shown  in  Fig.  4,  which  corre- 
spond with  the  positions  /  and  K  in  the 
pattern,  Fig.  7,  the  length  of  the  top'of  the 


middle  section  is  the  same  as  the  bottom  of 
the  first  section,  namely  3  feet  11 }  inches, 
while  the  length  of  the  third  section  is  equal 
to  that  of  the  middle  section  at  K;  so  that, 
when  the  entire  pattern  is 
laid  together  upon  the  floor, 
the  miter  cut  will  be  contin- 
uous, as  shown  from  ^  to  jP. 
There  will  be  eight  pieces 
required,  as  designated  in 
Fig.  7,  and  they  must  be  all 
formed  one  way;  that  is,  all 
laps  to  the  right,  according 
to  the  profile  CDE,  Fig.  4. 
This  having  been  accom- 
plished, it  remains  to  join 
the  several  pieces  forming 
the  octagon  so  that  the  base 
will  be  in  halves.  To  pro- 
ceed with  the  joining  of  th& 
molded  sections,  lay  on& 
piece  on  the  bench  face  up- 
ward, with  one  end  projecting  over  the  end  of 
the  bench,  as  shown  at  A,  Fig.  8,  and  fasten  it. 
to  the  bench  with  two  small  roofing  nails  ct 
and  hj  which  keep  the  molding  from  moving. 
Place  another  piece  of  the  molded  base  in 
the  correct  position,  being  careful  to  see 
that  it  has  the  proper  angle  indicated  by 
the  stay  C  that  has  been  previously  laid  out 
and  formed,  as  in  Fig.  9.  This  stay,  or  angle 
templet,  is  held  on  each  member  of  the 
molded  surface  by  the  workman,  while  the 
helper  tacks  the  seam  with  solder.  When 
the  entire  miter  has  been  properly  tacked,  it 
is  taken  from  the  bench  and  riveted,  where 
convenient,  with  2-pound  tinned  rivets,  and 
then  soldered  on  the  inside,  care  being 
exercised  in  order  that  the  tacks  may  not 
be  loosened.  In  this  manner,  the  four 
quarters  are  built  up,  and  then  two  quar- 
ters are  joined  in  order  to  form  the  halves. 


When  the  two  halves  are  finished,  they 
are  braced  as  indicated  in  Fig.  10,  in  which 
ABC  shows  the  half  base,  braced  by  wood 
strips  so  that  it  can  be  delivered  and  hoisted 


Digitized  by 


v^oogie 


382 


CONSTRUCTING  A  SHEET-METAL  CUPOLA 


without  injury  to  the  place  it  is  to  occupy. 
In  erecting  the  base,  or  in  fact  the  entire 
capola,  the  scaffold  used  by  the  carpenter  or 
friuner  is  also  used  by  the  sheet-metal  worker. 
In  Fig.  II,  the  manner  of  fastening  the 
base  to  the  wooden  framing  is  shown.  A 
and  B  are  the  side  and  floor  rafters,  sheathed 
on  the  outside  with  1-inch  stuff.  The 
firamer  usually  receives  a  detail  copy  of 
the  base  mold,  so  that  he  will  be  able  to 
correctly  set  the  necessary  blocking,  as  at  a. 
After  this  blocking  is  in  place,  the  molding 
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is  slipped  over  the  woodwork,  as  shown  by 
EFO,  A  lock  is  placed  at  IT  and  nailed  at/, 
while  the  lower  part  of  the  cornice  is  nailed 
atiT.  It  will  be  noticed  that  a  drip  is  placed 
at  Xr,  under  which  the  slates  are  bedded  in 
paint  skins.  The  molding  must  be  fastened 
at  intervals  by  means  of  }-inch  wood  screws 
placed  at  such  locations  as  if,  Ny  and  0, 

The  floor  of  the  cupola  is  covered  with 
old  method  W  X  20^^  tin   plate,  locking 

( To  be  Continued. ) 


into  the  lock  H,  as  at  P,  and  flashing  up 
the  curb  2>,  at  R\  the  nailing  is  to  be  pitched 
1  inch  along  the  line  S.  The  tin  roof  will 
be  soldered,  using  roein  and  a  lO-pound 
soldering  copper,  while  kUUd  add  should  be 
employed  where  the  tin  joins  the  galvanized 
iron  or  copper.  This  add  is  prepared  by 
cutting  zinc  in  muriatic  add,  which  agitates 
the  acid;  when  the  proper  quantity  of  zinc 
has  been  added,  the  agitation  stops,  and  it 
is  ready  for  use. 
The  manner  in  wliich  the  slates  are 
fastened  after  the  base  mold  has 
been  set  is  shown  in  diagram 
(6),  Fig.  II.  In  this  figure,  a 
is  the  sheathing;  h  the  first, 
c  the  second,  and  d  the  third 
slate;  the  slates  are  held  in 
place  by  the  naO  e.  Since  the 
head  of  the  nail  is  exposed,  it 
is  likely  to  cause  a  leak  in  rainy 
weather  unless  some  precaution 
is  taken  to  prevent  it.  Some 
roofers  make  a  poor  job  of  this 
in  attempting  to  prevent  such 
leakage  by  puttying  over  the 
nail  head  with  a  mixture  of 
paint  skin  and  putty  that  soon 
dries  out,  cracks,  and  falls  off, 
thus  Ruling  in  the  desired  result 
A  far  better  way  to  accomplish 
this  is  to  put  in  an  apron  flash- 
ing, as  shown  at  /,  spring- 
ing it  well,  so  that  when 
pushed  between  the  drip  and 
slate  it  will  hold  snugly. 

In  (o),  Fig.  11,  is  shown  how 
the  drip  of  the  base  mold  is 
secured  against  the  slating  if  the  base  is 
slated  flrst.  The  sheathing  is  designated  by 
hiy  and  the  slating  by  jib  Z.  The  base  mold 
at  the  bottom  is  bent  as  shown  at  m,  and 
fastened  with  wood  screws  at  n.  When 
making  the  bend  at  o  it  should  be  bent  as 
shown  in  diagram  (d),  at  Tu\  for  then 
when  it  is  fastened  by  the  screw  t,  u  will 
draw  or  spring  tightly  against  the  slating, 
as  shown  somewhat  exaggerated  at  V 
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Importanxb  op  Attention  to  Drtaids — Piping  an  Exhaust-Steam  Injector — Lubricating 

A  Damper  Eegulator 


WITH  the  adoption  of  the  more  delicate 
appliances  for  asBifiting  the  fireman 
and  engineer  in  the  operation  of  hici 
plant,  many  devicee  are  introduced  that  can 
be  sacceBBfolly  operated  only  by  the  moBt 
carefol  attention  to  details.  If  these  devices 
are  properly  installed  and  intelligently  and 
carefnlly  managed,  they  will  give  the  most 
gratifying  retoms  in  the  form  of  an  increase 
in  safety  and  economy  and  a  decrease  in  the 
heavy  labor  and  drudgery  of  the  fire  and 
engine  room.  Without  sudi  intelligent  care, 
any  attempt  to  use  the  more  delicate  devices 
is  stire  to  result  in  a  disappointing  fiulure,  in 
which  case  the  user  is  far  too  apt  to  blame  the 
principle  on  which  the  device  is  constructed 
as  being  wholly  impracticable.  The  two 
incidents  cited  below  will  serve  to  illustrate 
these  remarks,  and  will,  i)erhaps,  aid  some 
engineer  in  his  efforts  to  overcome  the  diffi- 
culties he  has  met  with  in  attempting  to 
use  similar  apparatus. 

The  action  of  the  ordinary  live-steam 
injector  proves  to  be  a  puzzle  to  the  student, 
but  that  of  the  exhaust-steam  injector  is  still 
more  surprising.  The  former  takes  water 
from  a  tank  and  puts  it  into  a  boiler  against 
the  same  pressure  that  operates  it,  in  addi- 
tion to  overcoming  the  friction  in  the  pipes, 
etc. ;  the  latter  utilizes  steam  at  atmospheric 
pressure,  and  puts  water  into  a  boiler  against 
60  pounds  pressure.  It  will  here  be  shown 
that  there  is  a  wrong  way  to  pipe  one  of 
these  boiler  feeders,  which  results  in  com- 
plete fiiilure  to  operate,  and  that  a  change 
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in  the  arrangement  of  pipe  and  fittings  is 
all  that  is  required  in  order  to  secure  satis- 
&ctory  results. 

Fig.  1  shows  an  arrangement  of  piping  that 
proved  unsatisfactory.    The  horizontal  pipe 


is  6  inches  in  diameter,  and  the  T  in  it  is 
6  in.  X  6  in.  X  ^  in.  Where  the  pipe 
enters  tibe  injector,  it  is  2  inches  in  diam- 
eter. The  steam  discharged  from  the  engine 
traveled  along  the  6-inch  pipe  in  the  direc- 
tion indicated  by  the  arrow.    There  was  no 
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back-pressure  valve  in  the  exhaust  pipe, 
because  it  was  not  advisable  to  put  an 
unnecessary  load  on  the  engine;  hence  there 
was  no  pressure  to  force  the  steam  into  the 
upright  2}-inch  pipe,  but,  on  the  contrary, 
the  tendency  was  to  leave  it  empty,  or  nearly 
BO.  Failure  for  this  plan  was  predicted  be- 
fore it  was  put  into  service,  or  rather  before 
an  attempt  was  made  to  use  it,  but  it  was 
not  heeded,  and  useless  expense  was  in- 
curred, which  readers  of  this  article  may 
avoid  under  similar  circumstances,  if  they 
will  profit  by  the  experience  of  others. 

Fig.  2  illustrates  a  plan  that  was  successful 
under  exactly  the  same  conditions,  with  the 
exception  of  the  change  noted  in  the  6inch 
piping.  The  6  in.  X  6  in.  X  2i  in.  T  was 
taken  off  and  an  L  put  in  its  place,  as  shown 
at  il.  .  This  was  followed  by  a  nipple  and  a 
6  in.  X  2J  in.  X  6  in.  T,  shown  at  B,  The 
6-inch  pipe  was  then  continued  as  before. 

By  this  plan,  the  steam  paeses  into  the 
2}-inch  pipe  and  thence  to  the  injector,  keep- 
ing the  boiler  feeder  fully  supplied  with  all 
the  steam  that  it  can  use.  The  rest  passes 
out  of  the  6-inch  pipe  into  the  atmosphere. 
Careful  attention  to  details  of  this  kind 
when  piping  up  a  machine  usually  proves  to 
be  a  paying  investment. 

The  ordinary  damper  regulator,  which  is 
operated  by  water  under  pressure,  works 
nicely  until  impurities  in  the  water  cause 
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corrosioD,  which  prevents  the  mechanism 
from  moving  freely;  then  it  becomes  neces- 
sary to  disconnect  the  parts  and  clean  the 
valve  and  its  stem.  This  must  be  done 
more  or  less  frequently,  according  to  the 
impurities  in  the  water  used  and  the  ser- 
vice required  of  the  regulator.  In  order  to 
prevent  corrosion,  it  is  the  custom  of  some 
engineers  to  introduce  a  piece  of  hard  soap 
into  the  sediment  chamber,  which  is  shown 
at  B  in  Fig.  3;  this  slowly  dissolves  and  is 
expected  to  keep  the  parts  in  contact  with 
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the  water  free  from  corrosion.  I  think  that 
his  process  is  patented  and  that  the  right  to 
use  it  may  be  purchased  for  five  dollars. 
However,  this  plan  does  not  compare  favor- 
ably with  the  one  that  I  have  in  use  in  my 
engine  room. 

Having  decided  to  provide  a  way  to  inject 
kerosene  oil  into  this  water,  in  order  to  clean 
the  partSj  or  any  other  kind  of  oil  to  lubri- 
cate them  at  pleasure,  I  purchased  a  Seibert 
lubricator  and  located  it  as  shown  in  Fig.  3. 
A  T  was  put  in  the  pipe  A  at  J5,  the  pipe 
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H  was  inserted  and  continued  as  shown  at  / 
and  /  to  the  lubricator.  Formerly,  there 
was  an  L  at  i?*,  but  it  was  removed  and  a  T 
put  in  its  place,  so  that  the  pipe  JT  could  be 
connected  to  it.  The  cup  was  filled  with 
kerosene  oil  and  the  r^;ulating  valve  par- 
tially opened,  but  the  oil  would  not  come 
out  of  the  nozzle  and  ascend  through  the 
water  in  the  sight-feed  glass,  as  it  does 
in  the  case  of  a  lubricator  attached  to  the 
steam  pipe  of  an  engine.  The  reason  for 
this  is  as  follows:  There  is  a  column  of 
water  at  /,  which,  in  this 
case,  is  25  inches  high,  bat 
the  weight  of  it  is  balanced 
by  25  inches  in  height  of 
the  pipe  H\  therefore,  there 
is  no  difference  in  weight 
to  force  the  oil  out  of  the 
sight-feed  nozzle.  To  over- 
come this  defect,  the  nipple 
(?  was  taken  out  and  a  brass  . 
plug  driven  into  it.  A  hole 
^7  inch  in  diameter  was 
bored  through  this  plug, 
after  which  the  nipple  was 
replaced,  and  the  whole 
device  worked  to  perfec- 
l'  IM  tion. 

ikjjl,  The   operation    of   this 

^"^^"^^^  arrangement  is  superior  to 
that  of  an  ordinary  lubri- 
cator, because  it  only  feeds 
when  the  water  is  passing 
through  the  pipeD  to  raise 
the  piston  in  the  cylinder 
Ir,  which  is  the  very  thing 
required,  since  lubrication 
is  needed  at  that  time  only. 
The  philosophy  of  the  oper- 
ation of  the  lubricator  in 
this  case  is  as  follows: 
When  the  steam  pressure 
rises  to  the  point  at  which 
it  is  desired  to  close  the 
damper,  the  water  valve  M 
is  opened  and  the  water 
under  pressure  begins  to  flow  through  the 
pipe  A.  Now,  if  the  nipple  G  provided 
a  passage  as  large  as  the  remainder  of  the 
piping,  all  the  water  would  flow  through  it, 
but  since  it  is  contracted  from  }  inch  to 
^7  inch,  the  water  finds  an  easier  passage 
through  the  pipe  H\  this  forces  the  drops  of 
oil  out  of  the  body  of  the  cup  into  the  pipes 
K  and  2).  If  the  regulating  valve  N  is 
opened  wide,  the  oil  will  flow  in  a  stream 
while  the  damper  is  closing,  which  makes 
possible  any  slower  rate  of  feed  desirable. 
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When  the  piston  in  the  cylinder  L  has 
reached  the  end  of  its  npword  travel,  the 
water  is  shut  off,  and  this  in  turn  stops  the 
flow  of  oil;  no  more  can  leave  the  cup  until 
the  piston  has  descended  to  its  lowest  point 


and  commenced  another  upward  stroke. 
This  makes  the  feed  automatic  after  it  is 
once  properly  set. 

I  use  machine  oil  as  a  lubricant,  and  kero- 
sene oil  occasionally  as  a  deanser. 


A  TELEPHONE  PROTECTOR 


A  LIGHTNING  arrester  and  strong  current 
interrupter,  designed  by  Mr.  C.  A.  Rolfe 
and  manufactured  by  the  Eureka  Elec- 
tric Ck>mpany,  of  Chicago,  has  been  received. 
A  sectional  view  of  the  protector  is  shown 
in  the  accompanying  illustration.  Although 
the  view  shows  only  one  circuit,  it  is  a 
doable-pole  device  and  protects  the  tele- 
phone from  injurious  currents  that  may 
come  in  over  either 
line  wire.  One  of  the 
important  features  is 
a  small  heat  coil  h, 
made  of  fine  German 
silver  wire  and  im- 
bedded in  an  easily 
fnsible  composition; 
the  beat  coil,  or  bvUieny 
as  it  is  called,  rests,  as 
shown,  in  the  cento*  of 
a  hard-rubber  piece  t 
Two  carbons  /  and  e 
are  separated  only  by 
a  thin  layer  of  a  special 
insalating  compound, 
and  not  by  an  air  gap 
or  by  mica  or  silk,  as 
is  usoally  done.  The 
rectangular  block  e  is 
grounded,  and  a  cylin- 
drically  shaped  block 
of  carbon  /  is  con- 
nected by  a  flat  Gei^ 
man  silver  strip  with 
the  binding  post  m 
through  the  split  brass 
leg  or  spindle  o  with 
one  line  wire  binding 
nut.  This  instrument  does  not  require  aux- 
iliary fuses  in  the  line  to  protect  it.  It 
protects  itself  as  well  as  the  telephone. 

The  device  operates  as  follows:  If  a  light- 
ning discharge  or  a  current  at  a  potential 
of  over  2,000  volts  comes  in  over  the  line, 
it  passes  through  o,  m,/,  jumps  across  to  e, 
and  goes  to  ground  O.  From  the  line  wire, 
the  usual  circuit  is  through  o,  m,  the  heat 
coil  hf  the  binding  post  n,  and  the  spindle  p, 
to  the  instrument,  and  back  through  a  dupli- 


cate path  in  the  protector  to  the  other  line 
wire.  If,  from  any  cause,  such  as  a  cross 
between  the  telephone  line  wires  and  some 
power  or  lighting  circuit,  a  current  strong 
enough  and  of  sufficient  duration  comes  in 
over  the  line,  the  heat  generated  in  the  coil 
h  will  soAen  the  composition  and  allow  the 
springs  at  o  and  p  to  pull  the  piece  r  out  of 
the  compoeition,  and  the  whole  piece  t  Ixring 
released  will  be  forced 
up  and  clear  out  of  its 
normal  position  by  the 
strong  springs  at  o  and 
p,  leaving  a  dear  air 
gap  between  the  line 
and  instrument  wires. 
The  length  of  this  gap 
is  equal  to  the  distance 
between  the  instru- 
ment and  line  binding 
nuts  shown  under  the 
porcelain  base  a  a. 
The  line  is  opened  at 
right  JBingles  to  the 
direction  of  the  cur- 
rent, to  prevent  the 
continuance  of  an  arc 
across  the  opening, 
and  the  lightning 
arrester  is  opened, 
which  prevents  dam- 
age to  the  instrument 
itself  When  this  hap- 
pens, the  Grerman  sil- 
ver spring  d  comes  in 
contact  with  the  metal 
piece  c,  thus  closing  a 
local  circuit  and  call- 
ing attention  to  the  fact  that  the  telephone 
is  cut  out  and  that  the  heat  coil  needs  to 
be  replaced.  The  heat  coil  will  operate  if 
acted  on  by  a  current  of  i  ampere  for  30 
seconds,  but  it  can  be  furnished  for  almost 
any  reasonable  capacity. 

The  instrument  here  described  is  a  novel 
and  useful  device  for  the  protection  of  tele- 
phone exchanges  and  subscribers'  instru- 
ments from  both  lightning  di8chai:ges  and 
strong  currents. 
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E.  G.  Van  Dort 


Some  Methods  of  Raising  Water  for   Irrigation    Purposes    Used    by    the   Natives 

OF  Ceylon 


THE  readers  of  Science  and  Industry, 
who  have  become  so  accoBtomed  to 
modem  methods  of  raising  water  as  to 
think  of  them  as  being  almost  essentials  of 
their  every-day  life,  will  no  doubt  be  inter- 
ested in  a  description  of  some  of  the  methods 
used  by  people  whose  very  existence  depends 


In  many  cases,  however,  small  fields  are  so 
located  as  to  make  it  impracticable  to  supply 
them  with  water  from  such  reservoirs,  and 
it  sometimes  happens  that  the  rains  fidl  to 
fill  the  reservoirs  with  a  supply  adequate  to 
the  needs  of  the  crop.  Under  these  con- 
ditions, recourse  is  made  to  some  of  the 
simple  devices  here  shown. 

In  Fig.  1  is  seen  a  very  common  method, 
remarkable  chiefly  on  account  of  its  extreme 
simplicity  and  the  curious  nature  of  the 
material  of  which  the  vessel  is  made.    The 


Fig.  1 

on  the  care  with  which  they  utilize  the 
scanty  supphee  of  water  on  which  the  growth 
of  their  crops  depends.  Instead  of  the 
carefully  made  pump,  driven  by  a  windmill 
or  a  steam  engine,  a  combination  whose 
construction  and  operation  involve  a  con- 
siderable amount  of  mechanical  skill  and 
engineering  training,  these  primitive  hy- 
draulidans  use  the  simplest  forms  of  the 
natural  products  with  which,  they  are  sur- 
rounded, and  operate  them  by  the  muscular 
exertions  of  men  or  animals. 

Some  of  the  simplest  conceivable  devices 
for  lifting  water  are  those  used  by  the  natives 
of  the  island  of 
Ceylon,  for  the 
irrigation  of 
their  "paddy'' 
or  rice  fields. 
Paddy  is  a  grain 
that  requires 
constant  irriga- 
tion during  the  ^ 
period  of  its 
growth  before 
the  plants 
flower.  Wherever  practicable,  they  store 
the  rain  water  in  large  tanks  or  reservoirs,  so 
situated  that  the  water  can  be  drawn  from 
them  and  distributed  to  the  fields  as  needed. 


stem  a  of  the  Areca-nut  leaf  (see  Fig.  2)  is 
folded  into  the  form  shown  at  h;  the  material 
is  as  tough  as  leather,  but  stiffer,  and  such  a 
vessel  lasts  for  years. 

In  Fig.  3  is  shown  a  slightly  more  elaborate 
application  of  the  Areca-nut  leaf  vessel.  In 
thk  case,  the  vessel  is  larger,  being  made  up 
of  the  stemfi  of  several  leaves,  and,  when 
used  in  this  way,  the  two  men  are  able  to 
move  a  greater  quantity  of  water  than  they 
could  when  working  with  the  smaller  vessel 
of  Fig.  1. 

By  the  methods  of  Figs.  1  and  3,  use  is 
made  of  such  supplies  of  water  as  are  found 

in  shallow  pools, 
springs,  or 
streams.  When 
water  must  be 
lifted  through 
greater  heights, 
as  from  a  well, 
we  find  our  na- 
tive  hydrauli- 
cians  making 
use  of  devices 
that  almost 
reach  the  dignity  of  machines.  Fig.  4,  which 
will  remind  some  of  our  readers  of  the  well 
sweep  that  was  such  a  familiar  accompani- 
ment of  the  New  England  fiarmhouse  of  a 
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generation  ago,  and  is  still  sometimes  seen,  is 
a  practical  application  of  one  of  the  sim- 
plest machine  elements  and  calls  for  little 
explanation.  The  balance  weight  c  is  heavy 
enough  to  nearly  or   quite   overcome   the 


bucket  into  the  well.  To  raise  the  filled 
bucket,  they  walk  toward  the  weighted  end 
of  the  lever  until  enough  weight  is  trans- 
ferred to  that  side  of  the  pivot  to  lift  the 


zm 


Fig.  4 


downward  pull  of  the  other  end  of  the  lever, 
together  with  the  bucket  full  of  water.  It 
thus  becomes  necessary,  in  lowering  the 
bucket  into  the  well,  to  pull  downward  on 
the  long  stick  by  which  the  bucket  is  sus- 
pended from  the  end  of  the  lever,  and,  in 
raising  the  bucket,  the  upward  pull  is  only 
that  required  to  overcome  the  unbalanced 
weight,  if  any. 

In  Fig.  5  we  have  a  somewhat  more  com- 
plicated application  of  the  same  principle, 
in  which  the  motive  power  is  furnished  by 
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bucket  The  men  on  the  top  may  be  said 
to  play  at  **  seesaw, ''  while  the  man  on  the 
ground,  whom  we  may  call  the  engineer, 
guidesthe  bucketand  empties  it  into  the  spout 
that  conveys  the  water  to  the  paddy  field. 

The  device  illustrated  in  Fig.  6  seems  to 
represent  the  application  of  a  considerable 
degree  of  inventive  ability;  it  may,  however, 
be  the  result  of  an  accidental  discovery  or  of 
a  slow  process  of  evolution.  Whatever  its 
origin,  we  cannot  help  admiring  the  neat 
way  in  which  the  materials  are  applied  so  as 
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the  two  men  on  the  platform  that  forms  a 
part  of  the  lever.  By  walking  toward  the 
end  of  the  lever  from  which  the  bucket  is 
suflpended,  they  overcome  the  effect  of  the 
weight  on  the  other   end,  and  lower  the 


to  secure  a  vessel  that  holds  the  water  until 
it  reaches  the  top  of  the  lift  and  then  empties 
itself  into  the  spout  leading  to  the  field. 

The  motive  power  is  furnished  by  bulls 
trained  to  walk  backward  and  forward  as 
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the  vesael  is  to  be  lowered  and  raised.  The 
vessel  F  is  made  from  the  whole  skin  of  an 
ox,  and  it  is  provided  at  its  lower  end  with 
a  tabe  O,  also  made  of  leather.  The  vessel 
and  tube  are  respectively  hitched  to  the  bolls 
by  the  ropes  D  and  E,  When  the  vessel 
reaches  the  top  of  its  lift,  the  tabe  is  drawn 
forward  over  the  lower  roller  H,  as  shown 


in  the  right-hand  view,  thus  permitting  the 
water  to  flow  out  When  the  poll  on  the 
ropes  is  relieved  by  the  backward  motion  of 
the  bolls,  the  weight  of  the  vessel  is  sofiEident 
to  carry  it  back  into  the  well;  the  tobe  takes 
the  position  shown  in  the  left-hand  view, 
and  the  vessel  is  ready  to  be  filled  and  raised 
again. 


SHUNT  DYNAMOS  IN  MULTIPLE 

E.  C.  Parhaxn 

Residual  Magnetism — Charging — Building  Up— Picking  Up— Generating — Armature 
AND  Field  Leads — Connections  in  Multiple 


AD  YNAMO  very  often  called  on  to  be  run 
in  multiple  is  the  shunt  dynamo,  so 
named  because  its  field  circuit  side 
tracks,  or  shunts,  the  external  outside  work- 
ing circuit,  as  shown  in  Fig.  1.  ^i  is  the 
dynamo's  armature  where  the  voltage  is 
generated;  F  is  the  fine-wire  shunt  field; 
X  is  a  lot  of  lamps  in  multiple,  which  repre- 
sent the  load  in  the  outside  circuit;  K  \b  & 
switch  by  means  of  which  the  external 
circuit  can  be  cut  off  or  opened;  X^  is  also 
a  switch  by  means  of  which  the  fine-wire 
field  can  be  opened,  and  the  activity  of  the 
dynamo  thereby  killed. 

After  the  field  of  a  dynamo  has  been  once 
excited,  the  iron  or  steel  in  its  frame  retains 
a  certain  amount  of  magnetism,  even  after 
the  current  that  caused  it  has  been  removed. 
The  magnetism  so  retained  is  what  is  called 
the  residrtal  magnetism,  and  it  is  this  rem- 
nant of  its  last  charge  that  a  dynamo  uses  to 
start  its  next  building  up.  If  the  field  lost 
all  its  magnetism  each  time  it  was  shut 
down,  before  it  could  be  made  to  work 
again  the  field  would  need  to  be  given  a 
charge.  This  means  that  the  fine-wire 
winding  F  would  have  to  be  put  in  series 
with  the  live  wires  from  another  dynamo  or 
from  a  primary  or  a  storage  battery,  and  a 
small  current  sent  through  it  This  opera- 
tion is  called  charging^  and  if  it  had  to  be 
done  each  time  that  a  dynamo  was  started 
up  there  would  have  to  be  special  time- 
saving  devices  installed  for  doing  it.  Fortu- 
nately, no  such  thing  has  to  be  done,  as  a 
rule,  although  dynamos  do  sometimes  lose 
their  fields,  in  which  cases  the  fields  must  be 
charged. 

As  soon  as  the  armature  of  Fig.  1  begins 
to  turn,  its  wires  begin  to  cut  across  the  few 


lines  of  force  provided  by,  or  rather  due 
to,  the  residual  magnetism.  This  sets  up  a 
small  voltage,  or  E.  M.  F.,  in  the  armature; 
as  the  speed  increases,  so  does  this  E.  M.  F.. 
and  also  the  small  current  that  it  causes  to 
fiow  through  F;  as  this  current  increases, 
the  field  gets  stronger,  and  this  gives  the 
E.  M.  F.  another  boost  and  enables  it  to 
send  a  still  stronger  current  through  F,  The 
field  current,  E.  M.  F.,  and  magnetism  go 
on  reacting  on  one  another  until  they  all 
reach  a  limit  governed  by  the  speed,  field- 
circuit  resistance,  and  general  design  of  the 
dynamo.  The  field  builds  up  very  slowly  at 
first,  but  after  a  certain  point  is  reached  it 
runs  up  very  rapidly  to  almost  the  limit, 
and  then  its  rate  of  building  up  slows  down 
again.  This  action  can  be  partly  followed  by 
observing  the  dynamo's  pilot  lamp,  which 
will  be  seen  to  increase  in  brilliancy,  very 
slowly  at  first,  but  more  rapidly  after  the 
field  has  a  good  start. 

A  shunt  dynamo  running  alone  on  a  cir- 
cuit is  a  very  simple  thing  to  look  after; 
the  two  switdies  K  and  Ki,  the  main-line 
and  field  switches,  need  never  be  pulled  at 
all— all  shutting  down  and  starting  up  can 
best  be  done  by  stopping  Ofr  starting  the 
engine  or  other  power  source  that  runs 
the  dynamo.  In  so  doing,  however,  if  the 
dynamo  has  copper  brushes,  they  should  be 
lifted  before  the  machine  comes  to  a  stop, 
for  if  the  commutator  is  the  least  bit  rough, 
the  brushes  are  apt  to  be  stumped  on  the 
end  when  the  machine  kicks  back  a  little 
at  stopping.  It  can  be  seen  from  Fig.  1  that 
if  both  JTand  Ki  are  left  in  the  current  from 
the  armature,  the  current  will  split  at 
point  o;  part  of  it  goes  to  the  left  through 
the  field  circuit,  to  excite  the  field,  and  part 
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to  the  right  through  the  main  Une,  to  light 
the  lamps.  The  resistance  of  the  fi^d  circoit 
18  very  high  compared  to  that  of  the  main 
line,  so  the  E.  M.  F.  of  the  armature  can  send 
but  a  small  current  through  it,  while  that 
through  the  main  line,  up  to  the  load  limit, 
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depends  on  how  many  lamps  are  turn^  on. 
It  is  easy  to  see  that  since  the  main  line  and 
the  field  circuit  are  in  multiple,  the  dynamo 
can  excite  its  own  field,  even  when  the 
main-line  switch  is  open. 

Fig.  2  shows  the  actual  connections  of  a 
ahunt  dynamo  running  alone  on  an  isolated 
circuit  of  its  own.    In  this  figure,  A  is  the 
armature  and  F  the  fine-wire  field;  r,  the 
rheostat  in  series  with  the  field;  L,  the  lamp 
load;  P,  the  pilot  lamp  that  enables  the 
dynamo  tender  to  tell  when  the  voltage  is 
right;  IT,  a  wooden  headboard 
screwed  to  the  keeper,  or  yoke, 
of  the  dynamo;  this  board  car- 
ries the  three  connecting  blocks 
6i,    &,,   and  6^,  and    also   the 
pflot  lamp  P.    When  switch  K 
is  closed,  it  connects  blocks  b^ 
and  6^,  and  enables  the  current 
from    the    armature    to   fiow 
through  the  main  line.     The 
pilot  lamp  P  is  connected  as 
shown,  the  dotted  connection 
indicating  that  the  two  wires 
are  run  behind  the  board  where 
they  cannot  be  seen.    K^  is  the 
field   switch.    Opening  switch 
Ky  kills  the  machine,  but  open- 
ing K  does  not  open  the  field  circuit,  because 
it  is  connected  to  the  lower  block  h^. 

If  the  field  circuit  were  connected  to  the 
upper  block  6„  then  the  opening  of  K 
w<mld  kill  the  field  at  the  same  time  that  it 
cut  off  the  main  line.  In  the  position 
shown  in  the  figure,  the  field  rheostat  has 
all  its  resistance  cut  in,  and  when  so  placed, 
a  great  many  dynamos  will  not  pick  up  a 


field,  because  the  resistance  of  the  field 
circuit  is  too  high.  To  cut  the  rheostat  out, 
the  handle  bar  must  be  turned  counter- 
clockwise as  far  as  it  will  go.  When  the 
pilot  lamp  shows  the  field  to  be  picking  up, 
some  of  the  resistance  must  be  cut  in  again, 
because  if  the  main-line  switch  is  open  so 
that  there  is  no  outside  load,  the  voltage  will 
run  up  high  enough  to  bum  out  the  pilot 
lamp.  A  dynamo  will  support  its  field,  once 
established,  through  a  much  greater  field- 
circuit  resistance  than  it  will  pick  up  through. 
Every  dynamo  tender  knows  about  where 
the  rheostat  handle  bar  ought  to  rest  on  his 
own  machine  in  order  to  have  the  pilot 
lamp  burn  at  the  right  brilliancy.  If  the 
main-line  switch  is  closed  before  the  dynamo 
has  picked  up  its  field,  it  is  apt  to  lose  it 
again;  this  is  especially  the  case  if  there  are 
so  many  lamps  turned  on  that  the  machine 
is  overloaded,  and  if  there  is  a  short  circuit 
on  the  main  line  the  machine  is  certain  to 
lose  its  field  as  soon  as  the  main-line  switch 
is  closed,  but  it  may  lose  its  belt  before  it 
does  so.  If  there  is  a  short  circuit  in  the 
pilot  lamp,  the  dynamo  cannot  pick  up  its 
field  well  even  with  the  line  switch  open.  The 
popular  reason  given  for  this  action  is  that, 
since  the  field  circuit  and  the  short  circuit 
are  in  multiple,  the  short  circuit  takes  all 
the  current  and  leaves  none  for  the  fields; 
but  the  real  reason,  which  holds  in  all 
casesv  is  that  the  low- resistance  short  circuit. 
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being  in  multiple  with  the  fields,  brings 
down  the  potential,  or  drop,  across  their 
terminals  to  such  a  low  value  that  it  will 
not  support  a  field.  Another  condition 
under  which  a  shunt  machine  will  fail  to 
pick  up  its  field  is  when  there  is  a  loose  con- 
nection or  an  open  circuit  in  its  field  or 
rheostat 
Where  the  dynamo  is  alone  on  the  circuit, 
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no  serious  damage  can  arise  as  the  result  of 
snch  a  fault;  but  when  there  are  two  or 
more  machines  in  multiple  on  the  same  line, 
the  trouble  is  apt  to  be  injurious  if  it  occurs 
while  they  are  in  together.  To  find  out 
whether  or  not  the  fiiult  is  in  the  rheostat, 
hold  a  piece  of  wire  across  its  connecting 
posts,  as  shown  by  the  dotted  line  in.Fig.  2. 
To  find  out  whether  it  is  one  of  the  field 
coils,  hold  it  across  the  coils,  one  at  a  time. 
As  soon  as  the  wire  bridges  the  fault,  the 
machine  will  show  signs  of  generating.  A 
dynamo  may  often  be  made  to  generate  by 
holding  a  piece  of  wire  across  the  brush 
holders,  thereby  short-circuiting  the  arma- 
ture. The  efiect  is  to  lower  the  resistance 
through  which  the  armature  has  to  work,  so 
that  what  residual  magnetism  there  may  be 
can  cause  a  large  current  to  flow  through  it. 
Some  of  the  lines  of  force  due  to  this  current 
then  find  their  way  through  the  pole  pieces 
and  give  them  a  start.  When  doing  this, 
though,  the  brushes  should  be  watched,  and 
as  soon  as  small  sparks  appear  under  them 
the  short-circuiting  wire  should  be  taken 
away. 

A  machine  will  sometimes  &il  to  g^erate 
because  the  commutator  is  dirty,  or  because 
the  brushes  make  poor  contact  or  have 
become  burned  on  Uie  ends.  If  the  com- 
mutator is  dirty,  lift  the  brushes  and  use  a 
sand  block;  then  apply  Yaseline  through  the 
pores  of  a  canvas  rag.  If  the  brushes  are 
dirty,  take  them  out  and  dip  them  into  a 
can  of  gasoline— not  kerosene,  because  it 
takes  too  long  to  dry.    If  the  brushes  are 


Fio.  3 

burned  on  the  ends,  put  them  into  a  jig  and 
file  them  down  to  shape;  do  not  try  to  do  it 
without  a  jig  of  some  kind.  If  the  machine 
BtiU  refuses  to  generate,  it  may  be  because 
the  armature  or  field  leads  have  been  crossed, 
i.  e.,  one  put  where  the  other  ought  to  go,  or 


the  ends  of  the  indiyidual  field  coils  may 
be  reversed  as  a  result  of  the  leads  having 
been  brought  out  to  the  wrong  lug  on  the 
coil. 

For  a  given  direction  of  rotation,  the  arma- 
ture lei^  and  the  field  leads  have  to  be 
connected  in  a  certain  way,  or  the  machine 
will  not  generate.  Thus,  in  Fig.  2,  if  the 
field  lead  going  into  block  bi  is  xnade  to 
exchange  places  with  the  rheostat  lead  going 
into  block  6„  the  dynamo  will  refiiae  to 
generate  unless  either  the  armature  leads  or 
the  direction  of  rotation  is  reversed.  The 
reason  is  this:  Let  us  suppose  the  dynamo 
to  be  connected  right  and  to  be  generating; 
this  means  that  the  field  current  flows 
around  the  field  coils  in  such  a  direction 
as  to  produce  a  magnetic  field,  which  en- 
ables the  armature  conductors  cutting  this 
field  to  generate  an  E.  M.  F.  that  in  time 
will  reenforce  the  initial  armature  current 
due  to  the  residual  field. 

Now,  let  the  first  terminals  be  reversed 
(for  the  sake  of  deamess  we  will  suppose 
that  there  remains  a  residual  field,  due  to 
the  current  last  fiowing);  under  this  con- 
dition, the  pole  pieces  are  of  the  same 
polarity  as  they  were  when  the  machine 
was  generating,  since  the  lines  of  force  due 
to  the  residual  field  are  in  the  same  direction 
as  when  the  machine  generated.  The  small 
current  now  in  the  armature,  due  to  the 
residual  field,  will  be  in  the  same  direction 
as  it  was  then,  but,  the  field  connections 
being  reversed,  the  current  now  fiows  around 
the  field  coils  in  such  a  direction  as  to 
neutralise  the  residual  magnetism.  The 
slight  magnetizing  force  due  to  the  residual 
field  now  opposes  this  field,  and  soon  re- 
duces it  to  zero,  thus  totally  depriving  the 
machine  of  all  ability  to  pick  up,  even  if  it 
otherwise  could.  Nor  can  a  reverse  residual, 
even  if  established  by  recharging,  be  main- 
tained; for,  assuming  a  reversed  residual  to 
be  provided,  the  lines  of  force  having 
changed  direction,  the  armature  current 
does  likewise,  and  previous  conditions  being 
reestablished,  the  residual  field  is  destroyed 
again. 

Fig.  3  is  a  diagrammatic  sketch  of  two 
shunt  dynamos  in  multiple.  Fig.  4  shows 
the  actual  connections  of  two  such  dynamos. 
In  Fig.  4,  2i  is  the  armature  and  F  the  field 
of  one  dynamo;  A^  is  the  armature  and  ^ 
the  field  of  another;  r  and  r^  are  the  two 
field  rheostats;  K  and  K^  are  the  two  main- 
line switches;  Ki  and  K/  are  the  two 
field  switches.  The  dynamos  are  in  mul- 
tiple.   When  two  dynamos  are  in  multiple, 
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oonditions  are  very  much  changed  from  what 
they  are  when  the  two  dynamos  are  in 
iaolated  drcnits.  Let  ub  auppoee  that  the 
two  dynamos  are  nm  from  different  engines, 
hoth  of  which  are  shut  down,  and  that  it  is 
desired  to  start  up  both  madiines.and  throw 
them  in  together  on  the  same  lamp  load, 
some  of  which  is  shown  at  X,  Fig.  4.  The  two 
main-line  switches  K  and  K^  are  open,  so 
are  the  field  switches  Ki  and 
JT/.  The  first  thing  to  do  is  to 
start  up  one  engine  and  get  its 
dynamo  up  to  speed;  next, 
wipe  off  the  oonmiutator  with  a 
rough  dry  rag  and  let  down  the 
brushes.  Let  it  be  the  No.  1 
dynamo  that  is  started  up  first; 
dose  its  field  switch  Ki  and 
also  its  main-line  switch  K, 
The  main-line  switch  must  be 
doaed,  since,  for  certain  reasons 
to  be  taken  up  later,  the  field- 
circuit  wire  fiK>m  th9  rheostat 
is  connected  above  the  switch; 
no  current  can  get  from  the 
armature  to  the  field  until  this 
switch  is  closed. 

As  soon  as  the  two  switches 
are  closed,  cut  all  of  the  resist- 
ance out  of  the  field  rheostat 
and  watch  the  pilot  lamp;  as  soon  as  this 
lamp  begins  to  show  a  good  glow,  cut  the 
resdfltance  back  into  the  rheostat  and  juggle 
the  handle  bar  until  the  pilot  lamp  bums  at 
about  the  right  brilliancy.  As  things  are 
now,  K  and  JT,  are  closed  and  No.  1  machine 
carries  all  of  the  load  that  there  is,  but  K^ 
and  Ki^  are  open  and  No.  2  machine  is  dead. 
If  the  dynamos  are  lighting  machines,  with 
copper  brushes,  it  will  be  necessary  to  move 
the  brushes  forward  in  the  direction  of  rota- 
tion, as  the  load  goes  on,  to  avoid  sparking; 
but  if  the  machines  are  up-to-date  street- 
railway  generators,  with  carbon  brushes,  it 
will  not  be  necessary  to  move  the  brushes 
at  all. 

Let  us  suppose  that  the  fiut-increasing 
load  calls  for  the  second  machine  at  once. 
The  problem  is  to  get  it  into  service  with- 
out a  demonstration  of  any  kind.  The 
first  thing  to  do  is  to  start  up  its  engine 
and  lower  its  brushes.  This  done,  dose 
field  switch  JT/.  Since  the  fidd  is  con- 
nected in  above  the  main-line  switch,  as 
soon  as  the  fidd  switch  is  closed  on  No.  2 
dynamo,  its  field  takes  a  current  from  the 
bos-bars  fed  by  No.  1  dynamo.  This  insures 
that  if  No.  2  field  connections  are  right, 
No.  2  armature  will  generate  an  E.  M.  F. 


of  such  a  polarity  that  the  two  machinea  will 
be  in  multiple  and  not  in  series.  The  next 
thing  to  do  is  to  bring  the  voltage  on  No.  2 
machine  up  to  the  same  value  as  that  on  the 
line.  This  can  be  done  by  means  of  two 
incandescent  lamps,  each  of  which  can  stand 
the  full  line  voltage,  connected  in  series,* 
and  provided  with  long  leads  to  be  used  as 
test  leads.    (On  street-railway  circuits,  it  is 


4-  Sbs^toK 


—  Bus-dor. 


^— ^V^y^    MUM  MM  iMMflT. 


Fio.4 

customary  to  use  a  voltmeter,  but  ten  lamps 
in  series  can  be  used.) .  The  pressure  on  the 
line  can  be  found  by  looting  at  the  pilot 
lamp  on  No.  1  dynamo.  The  rheostat  on 
the  No.  2  machine  must  be  adjusted  until 
its  pilot  lamp  bums  at  the  same  or  a 
little  greater  brilliancy  than  that  on  the 
No.  1. 

On  the  No.  2  dynamo's  headboard  the 
conditions  now  are  these:  Between  blocks 
&i  and  6,  is  the  voltage  of  the  line;  between 
blocks  6i  and  6^  is  the  voltage  of  the  No.  2 
dynamo.  These  two  voltages  are  the  same, 
and  they  ought  to  be  in  opposition;  if  they 
are,  the  two  test  lamps,  when  hdd  across 
the  jaws  of  the  switch,  will  show  no  light 
at  all;  but,  if  the  two  voltages  do  not 
oppose,  the  No.  2  dynamo  and  the  line 
are  in  series,  and  both  test  lamps  will  light 
up  to  fiill  candlepower.  In  such  a  case, 
the  fidd  connections  on  No.  2  machine 
would  have  to  be  reversed.  Should  the 
main-line  switch  on  No.  2  machine  be  dosed 
when  No.  2'b  polarity  is  wrong,  there  would 
be  a  dead  short  circuit  through  the  two 
dynamos  in  series,  and  one  or  both  of  the 
bdts  would  go  off,  unless  the  circuit  breaker 
acted  in  time.  If  the  test  lamps  show  no 
glow,  bring  up  the  voltage  on  No.  2  a  little 
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and  dose  switch  K\  To  make  No.  2  take 
ita  share  of  the  load,  more  resistance  must 
be  cat  out  of  its  field  rheostat  as  No.  2 
takes  more  load;  some  of  this  load  will 
work  oflf  No.  1,  and  in  order  to  have  each 
machine  take  the  right  part  of  the  load,  both 
rheostats  must  be  adjusted  after  the  brushes 
are  rocked  to  the  non-sparking  point,  and  it 
will  be  necessary  to  keep  an  eye  on  the  two 
machines  as  the  outside  load  varies,  both  to 


keep  the  voltage  right  and  the  loads  shared 
proportionally. 

To  take  a  machine  out  of  service,  resist- 
ance must  be  cut  into  its  rheostat  until  the 
ammeter  goes  down  to  almost  zero,  when 
the  main-line  switch  can  be  safely  palled 
without  burning.  If  the  No.  1  and  No.  2 
field  rheostats  are  close  together,  the  load 
can  be  worked  on  to  one  machine  at  the 
same  rate  that  it  is  worked  off  its  mate. 


COURTESIES  IN  LETTER  WRITING 


Frances  B.  Callaway 


A  GOOD  quality  of  paper,  black  ink,  and 
clear  handwriting  are  courtesies  in  let- 
ter writing  that  show  consideration  for 
one*8  correspondent.  Special  pains  should 
be  taken  to  make  the  signature  plain  and 
legible,  as  a  business  correspondent,  whose 
time  has  money  value,  cannot  afford  to 
spend  an  hour  in  deciphering  an  illegible 
wriggle.  Care  should  be  taken  also  to 
address  the  envelope  in  a  plain  hand,  giving 
particular  attention  to  the  state,  as  abbre- 
viations like  Col.  and  Cal.  look  very  nearly 
alike. 

It  is  a  courtesy  to  the  postal  service  to 
place  the  stamp  ^n  the  upper  right-hand 
comer,  where  it  belongs,  as  the  work  of  can- 
celing must  often  be  done  with  lightning- 
like speed,  and  it  is  awkward  to  shift  the 
letter  about.  The  post-ofOice  authorities 
have  recently  announced  that  they  cannot 
be  held  responsible  for  the  safety  of  letters 
when  the  stamp  is  out  of  place. 

Over  one  million  dollars  in  money,  checks, 
and  drafts  was  received  at  the  dead-letter 
ofice  last  year.  This  delay,  conftision,  and 
even  loss  might  have  been  avoided  iif  the 
return  address  had  been  written  on  the 
envelope.  Of  the  six  million  pieces  of  mail 
matter  received  at  the  dead-letter  ofOioe,  a 
great  proportion  was  due  to  carelessness 
and  nibble  handwriting. 

A  letter  usually  contains  some  questions 
that  it  is  friendly  and  courteous  to  answer, 
for  letters,  like  conversation,  are  made  up 
largely  of  questions  and  answers.  In  ask- 
ing questions  of  strangers,  a  stamped  and 
addressed  envelope  should  always  be  sent. 


as  there  is  no  reason  why  an  editor  or  other 
business  man  should  expend  his  income  in 
buying  stamps  and  envelopes  for  the  benefit 
of  some  one  else.  In  these  letters  of  inquiry, 
one  should  be  considerate  and  not  ask  fool- 
ish questions,  or  questions  that  it  would  take 
an  encyclopedia  to  answer.  An  interroga- 
tion point  is  not  a  comfortable  correspond- 
ent, particularly  when  there  is  no  point  to 
the  interrogation. 

An  author  received  the  following  letter 
from  an  entire  stranger,  with  neither  stamp 
nor  envelope  endosed: 

I  enjoyed  reading  yoor  article  to  much.  Can  yoa 
tell  me  about  all  the  machines  naed,  and  also  what 
you  mean  by  a  Jig  pin?  Thanking  you  in  advance 
for  the  fliyor,  I  am. 

GrateAiUy  youn. 


The  publisher  forwarded  this  letter  to  the 
author,  who,  in  turn,  answered  the  corre- 
spondent, the  cost  being  four  cents,  besides 
the  time  and  stationery.  This  paper  has 
half  a  million  readers.  If  every  one  sent  in 
such  letters  of  inquiry  very  often,  both 
paper  and  author  would  go  into  bankruptcy. 

Any  evidence  of  haste,  such  as  ''Dr.  Sir" 
and  ''Yrs.  rsply.''  convey  an  unpleasant 
impression  of  rudeness,  and  "I  remain"  is 
considered  rather  ridiculous.  It  is  more 
courteous  to  begin  with  "My  dear  Sir"  or 
"My  dear  Madam"  and  dose  with  such 
gentle  words  as  "I  am.  Yours  truly," 
"Yours  faithfully,"  or  "Cordially  yours." 

Politeness  in  letter  writing,  as  in  conver- 
sation, comes  from  an  unselfish  heart,  and, 
as  some  one  has  defined  it,  "is  true  kind- 
ness beautiftilly  expressed." 
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HEATING    FRAME    HOUSES    BY  WARM  AIR 


M.  L.  King 


Installation  of  a  Fubnacb — Velocity   and  Tbmpbbature  op   Air  in  Stack — Propok- 
TiONS  OF  Grate  and  Heating  Surface 


THE  warm-air  furnace  has  suffered  con- 
siderable neglect  at  the  hands  of  heat- 
ing men,  and,  while  much  has  been 
done  to  elevate  it  to  a  position  to  which  we 
believe  it  belongs,  we  may  even  now  eee 
new  furnace  plants  placed  with  no  more 
regard  for  natural  laws  than  was  displayed 
fifty  years  ago. 

Let  us  glance  at  the  conditions  to  be  met 
in  the  ordinary  frame  dwelling.  We  have 
a  space  subdivided  into  rooms  and  sur- 
rounded by  walls  of  more  or  less  non- 
conductivity.  These  walls  are  broken  at 
many  points  for  doors  and  windows.  Little 
or  no  attempt  is  made  to  make  the  window 
spaces  non-conductors,  and  as  doors  and 
windows  are  necessarily  easily  movable,  the 
joints  and  edges  allow  ingress  and  egreFS 
to  large  quantities  of  air.  There  are  many 
other  leaks,  or  unintentional  air  passages, 
in  the  outer  walls,  however,  as  any  one 
may  readily  find  by  placing  the  hand  at  the 
floor  and  base  line  on  the  windward  side 
of  the  house.  It  is  desired  to  heat  the 
space  thus  enclosed  to  a  temperature  of  70° 
in  zero  weather,  by  conveying  air  at  a  much 
iiigher  temperature  to  these  rooms.  This 
heated  air  mixes  with  the  air  in  the  room, 
and,  after  losing  some  of  its  heat  by  contact 
with  the  cooler  air  and  with  walls  and 
windows,  it  escapes  at  a  temperature  of  70° 
through  these  cracks  and  crevices.  As  the 
ordinary  frame  dwelling  is  not  provided 
with  special  ventilating  ducts,  these  air 
leaks  are  really  blessings  in  disguise. 
Special  ventilating  ducts  and  open  fireplaces 
are  coming  into  more  general  use,  however, 
and  are  desirable  adjuncts  to  a  furnace- 
heating  plant. 

The  larger  number  of  houses  heated  by 
warm  air  are  still  unprovided  with  these 
ducts,  and  in  the  present  article  they  will 
be  ignored.  The  only  reason  why  a  furnace 
will  heat  a  building  that  has  no  outlet  flues 
or  open  flreplaces,  is  because  air  does  escape 
from  the  building  in  large  volumes,  which 
may  be  easily  demonstrated  by  measuring 
the  air  that  enters  the  fresh-air  duct  and 
passes  through  the  fhrnace.  No  two  bodies 
can  occupy  the  same  space  at  the  same  time; 
therefore,  an  entering  volume  of  fresh  air 


must  displace  an  equal  volume  of  air  already 
in  the  house. 

The  installation  of  a  well-planned  furnace 
job  should  begin  with  the  construction  of 
the  house.  The  furnace  man  should  call  the 
attention  of  the  architect  or  house  owner  to 
the  fact  that,  as  ordinarily  constructed,  the 
spaces  between  the  studding,  or  furring,  will 
act  as  a  series  of  flues  unless  they  are  cloeed 
at  each  floor  and  ceiling.  If  this  is  done,  the 
spaces  are  dead  air  spaces,  and  therefore 
good  non-conductors.  If  it  is  not  done,  there 
will  be  a  constant  upward  draft  between  the 
studding,  from  celliur  to  attic,  and  under  the 
floors  between  the  joists.  The  writer  has 
seen  a  poorly  constructed  house  in  which 
the  flooring  of  a  room  was  so  badly  shrunken 
that  when  the  wind  blew  in  certain  direc- 
tions the  carpet  would  rise  in  the  center, 
from  wind  pressure.  A  house  like  this  has 
no  chance  to  escape  utter  destruction  in  case 
of  fire.  The  furnace  man  should  also  recom- 
mend the  laying  of  a  thickness  of  felting  or 
the  specially  prepared  non-conducting  build- 
ing paper  on  the  wood  sheathing  under  the 
siding.  Let  it  be  borne  in  mind  that  we  are 
not  trying  to  make  our  dwelling  air-proofs 
but  more  nearly  cold-proof. 

An  important  part  of  the  work  is  to 
sketch  out  a  plan  with  cold-air  ducte,  warm- 
air  stacks  and  pipes,  registers,  and,  above 
all,  a  furnace  properly  proportioned  and 
large  enough.  The  sketch  should  be  drawn 
to  scale,  and  have  measurements  written  on 
the  several  parts. 

The  writer  has  seen  many  stacks  3|  in. 
X  12  in.  connected  to  11-inch  pipes  in  the 
cellar,  and  registers  10  in.  X  14  in.  in  the 
parlor  walls.  The  capacities  by  this  arrange- 
ment will  be  as  followe:  Pipe  in  cellar, 
95  square  inches;  register,  93  square  inches; 
stack,  45  square  inches  The  man  that 
places  such  a  combination  will  tell  you  that 
the  air  in  the  stack  travels  twice  as  fast 
as  the  air  in  the  cellar  pipe.  This  is,  in  a 
measure,  true,  but  it  would  be  better  ex- 
pressed by  saying  that  the  air  in  the  cellar 
pipe  travels  half  as  fast  as  the  air  in  the 
stack.  A  chain  is  never  stronger  than  its 
weakest  link.  It  is  just  as  true  that  the 
capacity  of  a  pipe  is  no  greater  than  the 
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capacity  at  its  emallest   part.    The   cellar 

pipe    may,    however,    have    25   per   cent. 

greater  capacity  than  the  stack  to  which 

it  is  connected. 
There  are  rigid  natural   laws  goyerning 

the  movement  and  velocities  of  warm  air 
in  flues,  and  in 
order  to  attain  a 
velodty  of  bi  feet 
per  second  in  the 
ordinary    stack   to 

I J     r — i  the    second    floor, 

\  ^-^  /     V    ^n  V^  *^®  temperature 


\^of  the 
'^'~     stack 


air  in  the 
must   be 
Fbomt  ijfD  Side  Elevations    y^^  17Q0      ^   in- 
OF  Elbow  Boot  »"vr"«    '^  ^ 

crease  the  velocity 
1  foot  per  second  r«H)airea  an  increase  of 
temperature  of  about  35°.  From  the  fore- 
going, it  will  be  seen  that  to  maintain  a 
good-sized  room  at  a  temperature  of  70°  in 
zero  weather,  with  a  stack  3f  in.  X  12  in., 
requires  a  high  velocity,  and,  therefore,  a 
high  temperature.  This  is  not  healthful  to 
the  occupants  of  the  house,  and  is  hard  on 
the  furnace  and  coal  bin.  The 
aim  should  be  to  provide  large 
volumes  of  air  at  low  temper- 
atures, and  the  stacks  should 
therefore  be  of  IX  bright  tin, 
5i  in.  X  8,  10,  or  12  in.,  accord- 
ing to  the  exposure,  cubic 
contents,  and  use  of  the  room. 

The  foot-piece  of  the  stack,  or  the  ''boot," 
may  be  made  of  one  section  of  rectangular 
stack,  rounded  and  tapered  at  the  bottom 
to  fit  the  cellar  pipe.  An  ordinary  elbow  can 
then  be  run  into  the  bottom  of  the  boot,  and 
pointed  directly  toward  the  furnace  collar. 
Where  stacks  start  over  a  girder,  the  same 
kind  of  rounded  taper  piece  may  be  used, 
except  that  it  is  made  part  of  the  45° 
elbow.  Where  the  stack  starts  on  top  of  a 
stone  or  brick  wall,  the  boot  piece  should  be 
made  in  the  form  of  an  elbow,  having  its 
upper  end  rectangular, 
to  fit  the  stack,  and  its 
lower  end  round,  to  fit 
the  cellar  pipe,  or 
"leader." 
All  elbows  in  the 
rectangular  stacks  should  be  curved,  and 
the  top  of  all  register  boxes  should  be 
curved  in  the  same  manner.  The  same 
results  may  be  obtained  by  using  ordi- 
nary square  stack  elbows,  and  soldering  a 
curved  piece  of  tin  across  the  angle.  As  the 
stack  is  being  made,  each  piece  should  be 
marked  on  the  inside  with  soap,  and,  when 


Effective  Area  of 
Rectakgular  Pipe 


all  are  made,  the  apprentice  may  take  the 
paste  pail  and  brush  and  cover  the  stacks 
with  asbestos  sheathing,  taking  care  to  leav^ 
uncovered  the  joints  that  are  to  be  soldered 
when  they  are  placed  in  position.  A  few 
drops  of  oil  of  cloves  will  pre- 
vent the  paste  from  souring. 
After  the  paste  has  dried,  mark 
the  explanatory  directions  wiUi 
blue  pencil  on  the  asbestos  of 
each  piece. 

Nothwithstanding  all  that 
has  been  said  and  written  in 
favor  of  oval  stacks,  the  writer 
is  convinced  that  a  rectangular 
stack  is  more  efi&cient  than  an 
oval  stack  of  the  same  dimen- 
sions, and  is  easier  to  make. 
The  comers  of  a  rectangular  pipe  are  un- 
doubtedly occupied,  to  some  extent,  by  slag* 
gish  air;  but  the  friction  encountered  by  the 
rising  column  of  warm  air  .in  passing  or 
rubbing  against  the  sluggish  air  Is  certainly 
less  than  the  friction  encountered  by  the  air 
rubbing  against  the  ordinary  tin  stack.  la 
other  words,  rolling  friction  retards  less  than 
sliding  friction. 

After  the  roof  is  on  and  the  floors  are 
laid,  the  work  in  the  cellar  may  bo  com- 
menced, and  thiss  leads  us  to  the  choice  of 
a  furnace.  This  should  be  well  made  and 
heavy,  with  easy  air  passages,  and  smoke- 
flue  travel  as  short  as  is  consistent  with  the 
proper  exposure  of  a  large  amount  of  heating 
surface.  It  should  have  a  proportion  of  grate 
to  heating  surface  of  at  least  1  to  40  or  45. 
Every  furnace  manufacturer  claims  that  his 
furnace  ''contains  more  heating  surface  than 
any  othet  furnace  made.''  The  question  will 
occur:  If  a  large  proportion  of  heating  sur- 
face to  grate  surface  is  so  desirable,  why  do 
not  furnace  manufacturers  make  them  so? 
The  answer  is 
that  they  would 
require  too  much 
flue  travel.  Fur- 
naces are  made  to 
sell,  and  they  will 
not  sell  unless 
they  can  be  made 
to  work  with  the 
average  chimney. 
It  would  be  com- 
paratively easy  to 
so  place  the  flues 
in  a  furnace  that 
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the  gases  would  be  compelled  to  travel  around 
the  circumference  of  the  ftimace  ^"9^  or  six 
times.     This  would  furnish  large  heating 
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sarfkoee,  but  the  chimDey  draft  would  need  to 
be  sapplemented  by  a  small  fan.  There  are, 
however,  fnmactB  made  according  to  the 
requirements  mentioned  above,  and  with 
not  more  than  8  feet  of  flue  travel  in  the 
larger  si^s. 

The  writer  recalls  a  form  of  furnace  put  on 
the  market  a  few  years  ago,  in  which  the 
gases  traveled  around  the  usual  cast-iron 
radiator,  after  leaving  the  combustion  cham- 
ber, and  then  passed  down  and  through  an 
additional  radiator  near  the  base  of  the 
furnace.  This  was  gradually  superseded  by 
a  pattern  having  but  one  radiator.  With 
the  two  radiators,  there  was  24  feet  of 
horizontal  flue  travel  before  leaving  the 
furnace. 

Care  should  be  taken  to  have  the  total 
area  of  the  air  passages  through  the  furnace 
equal  or  exceed  the  total  area  of  the  leaders 


A  Galvanizbd  Fre8h-Aib  Duct 

from  the  furnace.  This  feature  of  the  fur- 
nace job  is  liable  to  be  overlooked.  The  area 
of  the  fresh-air  duct  should  equal  at  least 
three-fourths  the  area  of  the  combined 
hot-air  pipes.  The  underground  duct  and 
furnace  pit  should  be  from  14  to  24  inches 
deep,  according  to  the  size  of  the  house, 
and  should  be  as  wide  as  the  product  of  the 
depth  and  width  of  the  required  area.  This 
underground  duct  should  be  built  up  with 
8-inch  hard-burned  brick,  laid  in  cement 
mortar  and  covered  with  flagstone,  which 
should  be  laid  in  cement  and  level  with 
the  cellar  bottom.  The  bottom  of  the  duct 
should  also  be  grouted  with  cement.  This 
duct  should  extend  to  a  cellar  window  in  the 
west  or  north  wall,  and  the  furnace  pit 
should  preferably  be  located  a  little  to  the 
northwest  of  the  center  of  the  cellar,  in 


order  to  favor  the  pipes  on  that  side.  In 
the  center  of  the  ftimace  pit  should  be  built 
a  brick  pier  12  or  16  inches  square,  with 
one  edge  of  the  pier  pointing  toward  the 
entering  fresh  air. 
A   galvanized   fresh-air   duct  from    the 


PuRNACX  Hood,  Showimq  Damper  in  the  Collar 

fresh-air  opening  in  the  wall  to  the  under- 
ground duct  is  cheaper  than  wood,  and 
more  sanitary  and  durable.  The  sash  and 
glass  that  were  intended  for  that  opening 
may  be  placed  in  the  inner  end  of  the 
galvanized  tube,  and  thus  no  light  need  be 
sacrificed.  The  sash  should  be  placed  with 
the  putty  side  facing  the  cellar,  to  that  in 
case  of  breakage  the  sash  may  be  easily 
reglazed.  In  the  front  side  of  the  galva- 
nized duct,  and  about  2  feet  from  the  cellar 
floor,  there  should  be  a  manhole  covered  by 
a  door  that  should  swing  inwards  and  be 
provided  with  a  notched  lever  that  will  allow 
it  to  be  set  at  any  desired  angle.  This  door 
allows  the  outside  air  to  be  shut  off,  either 
entirely  or  in  part,  but  does  not  affect  the 
air  supply  to  the  furnace,  because  the  cellar 
manhole  will  be  opened  in  the  same  propor- 
tion as  the  outside  air  supply  is  closed. 
This  manhole  damper  also  permits  of  clean- 
ing out  the  underground  duct,  and  has  the 
advantage  of  showing  the  position  of  the 
damper  at  a  glance.  A  tight  damper  in 
the  duct  should  not  be  tolerated  under  any 
circumstances.  Furnaces,  like  men,  must 
have  a  constant  supply  of  air.  It  is  question- 
able whether  dry  cellar  air  sent  through  the 
furnace  and  up  into  the  bouse  is  worse  than 
the  overheated,  ill-smelling  air  that  is  con- 
veyed by  back-siphoning 
through  the  nearby  regis- 
ters to  feed  those  of  the 
second  floor. 

The  galvanized  duct 
should  be  well  stiffened 
with  angle  bars  at  the 
bottom,  and  carefully  ce- 
mented to  the  brick  duct. 
A  galvanized  screen  of 
^•inch  mesh  should  be 
fastened  in  the  fresh-air  opening  in  the  cellar 
wall,  to  exclude  animals  and  large  insects. 
Both  the  manhole  opening  and  the  swinging 
door  should  be  stiffened  with  J-inch  or  |-inch 
rod,  according  to  the  size  of  the  opening. 


A  Notched  Collar 
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When  the  base  plate,  or  ash-pit  bottom,  is 
set  on  the  wall  of  the  itirnaoe  pit,  it  should 
be  carefully  leveled,  and  good  stone  or  slate 
wedges  cemented  between  the  center  pillar 
and  the  base  plate.  The  base  ring  should 
then  be  filled  with  cement  and  pieces  of 
brick  or  stone,  care  being  taken  to  reach 
down  under  the  ring  at  the  point  where  the 
ash-pit  door  is  placed.  Careless  work  here 
will  allow  ash  dust  to  escape  into  the  duct 
and  up  through  the  house  by  way  of  the 
registers. 

Since  one  form  of  furnace  hood  would  not 
answer  for  all  cases,  many  forms  are  made, 
but  the  one  best  adapted  for  general  use  is 
that  in  the  shape  of  a  frustum  of  a  cone, 
with  an  inyerted  cone  riyeted  on  the  inside. 
This  permits  each  pipe  to  gather  warm  air 
from  a  large  area.  The  collars  should  be  set 
in  the  sides  of  the  hood  at  the  same  angle  as 
the  inverted  cone,  and  the  warm-air  pipes 
continued  at  the  same  ai^le  to  a  height 
sufficient  for  headroom.  From  thence  to 
the  boot  pieces  the  pipes  should  have  all 
the  grade  possible.  Each  pipe  should  have 
a  damper,  as  it  is  difficult  to  place  the  collars 
so  that  each  pipe  will  draw  evenly  at  ail 
times,  unless  the  dampers  are  adjusted  for 
each  register  to  get  an  even  *'puir'  on  the 
furnace.  The  dampers  should  be  placed  in 
the  galvanized  collars,  close  to  the  furnace. 
This  allows  any  pipe  to  be  taken  down  while 
fire  is  in  the  furnace  by  merely  turning  off 
the  damper  in  the  collar.  More  space  should 
be  allowed  on  the  hood  for  the  longer  pipes, 


which  are  those  leading  toward  the  north 
and  west,  than  for  the  shorter  or  lees  favored 
ones.  No  collar  should  be  placed  in  the 
space  directly  over  the  feed-door,  as  that 
has  little  heat  value.  An  asbestos  air-t^U 
covering,  pasted  on  hood,  collars,  and  pipes, 
makes  a  good  job.  A  single  thickness  of 
asbestos  sheathing  pasted  on  is  not  so  good, 
but  is  many  times  better  than  no  cover- 
ing at  all. 

A  quick  and  neat  method  of  fastening  in 
the  galvanized  collars  is  to  set  the  collar  up 
against  the  hood  in  the  proper  position,  and 
mark  around  the  collar  on  the  hood  with  a 
lead  pencil.  With  curved  snipe,  cut  the 
circle  thus  marked  and  place  the  collar  in 
the  hole,  pointing  in  the  proper  direction, 
and  make  sure  that  it  entirely  fills  the  hole 
in  the  hood.  Then  mark  around  the  collar 
against  the  hoody  and  place  indicating  marks 
on  both  collar  and  hood,  so  that  the  collar 
may  be  replaced  exactly  as  it  was  marked. 
Take  out  the  collar  and  cut  it  on  the  line, 
and  at  f-ioch  intervals  make  notches  about 
i  inch  deep.  Turn  every  other  nib  outward 
with  the  pliers,  and  place  the  collar  in  the 
hood  and  flatten  back  the  remaining  nibs. 
When  it.  is  desired  to  set  the  collar  on  a 
tangent  with  the  hood,  the  hole  in  the  hood 
must  be  cut  oval  instecid  of  round. 

If  the  smoke  pipe  is  long,  it  should  be 
covered  with  a  thickness  of  asbestof*.  This 
will  materially  aid  a  faulty  draft,  as  it  aDows 
the  gases  to  retain  their  heat  longer,  and 
closes  up  any  small  leakages  at  the  joints. 


EFFECT  OF  ICE  \ArATER 


MANY  people  wonder  why  it  is  that  their 
physicians  advise  them  not  to  drink 
water  during  meal  time.  The  fact  of 
the  matter  is  that  persons  are  not  harmed 
by  the  water  if  it  is  taken  at  an  ordinary 
temperature;  but  most  Americans  are  not 
satisfied  with  this — they  think  they  must 
have  ice  water.  In  order  to  carry  on  diges- 
tion properly,  a  certain  temperature  is 
necessary.  The  temperature  of  the  stomach 
varies  from  98°  to  100*  F.  After  a  meal,  the 
temperature  increases  until  it  is  sometimes 
102°,  while  if  the  circulation  is  quickened 


by  exercise,  the  temperature  wUl  be  still 
higher. 

Now,  the  effect  of  ice  water  on  the  diges- 
tion is  very  apparent.  By  continually  drink- 
iqg  this  water  during  a  meal,  or  indulging  in 
an  ice  for  dessert,  the  temperature  of  the 
stomach  will  sometimes  be  reduced  to  95*. 
This  would  stop  digestion  and  eventually 
lay  the  foundation  for  such  a  disease  as 
dyspepsia.  Since  foods  are  easily  digested 
when  they  are  partially  diluted,  it  is  well  to 
take  a  drink  of  water  occasionally  during  a 
meal,  but  the  water  should  not  be  iced. 
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C.  P.  Turner 


Some  Propsrtibb  op  Coal — Combustion  op  Volatile  Substances — Combustion  op  Fixed 
Carbon — Smoke  Prevention — Processbs  That  Absorb  Heat 


SINCE  fael,  chiefly  in  the  form  of  coal,  is 
the  source  of  all  the  energy  made  availa- 
ble by  the  steam  engine,  a  study  of  the 
principles  governing  the  economical  genera- 
tion of  power  by  means  of  the  steam  engine 
must  begin  with  a  study  of  the  combustion 
of  fuel  and  the  means  of  preventing  a  waqte 
of  heat  by  guarding  against  those  conditions 
that  make  combustion  incomplete.  Heat 
lost  by  imperfect  combustion  cannot  be 
recovered  by  any  means;  no  arrangement 
of  elaborate  and  economical  machinery  in 
the  engine  room  will  utilize  the  energy 
wasted  in  the  fireroom  through  ignorance 
or  carelessness  on  the  part  of  the  fireman. 
Furthermore,  one  of  the  most  serious  prob- 
lems confronting  the  steam  engineer  is  the 
burning  of  soft  coal  without  the  formation 
of  black  smoke,  and  this  problem  depends 
for  its  solution  more  on  intelligent  work  in 
the  fireroom,  which  involves  a  knowledge 
of  economic  combustion,  than  on 'patented 
furnaces. 

Bituminous  coal  is  composed  largely  of 
various  compounds  of  cairbon  and  hydrogen 
called  hydrocarhom.  When  the  coal  is 
heated,  these  compounds  are  driven  off 
partly  in  the  form  of  permanent  gases  and 
partly  as  vapors  that  may  easily  be  con- 
densed or  changed  to  a  liquid  form.  The 
process  of  separating  the  gases  and  vapors 
from  the  part  of  the  coal  that  cannot  be 
vaporized  by  the  mere  action  of  heat,  is 
called  dislUlation;  the  substances  driven  off 
from  the  coal  by  heat  are  volatile  substances, 
and  the  portion  remaining  forms  coke,  which 
is  composed  chiefly  of  carbon.  This  carbon 
is  called  the  fixed  carbon  of  the  coal. 

The  volatile  substances  may  be  divided 
into  two  classes,  viz.,  non-combustible  and 
combustible  substances.  The  first  class  con- 
sists mostly  of  water,  free  oxygen,  and 
nitrogen;  these  are  driven  off  when  the  coal 
is  heated — the  water  as  steam  and  the  gases 
in  a  free  state.  The  second  class  consists 
of  hydrocarbons,  which  comprise  numerous 
compounds  of  hydrogen  and  carbon.  When 
the  coal  is  heated,  part  of  the  hydrocarbons 
are  driven  off  in  a  gaseous  form  and  part 
as  vapors.  The  principal  gases  in  the  vola- 
tile combustible  are  carbureted  hydrogen, 


or  marsh  gas,  consisting  of  1  atom  of  carbon 
and  4  atoms  of  hydrogen,  as  shown  by  its 
symbol  Ci/4,  and  olefiant  gas  C,H^,  With 
many  coals,  free  hydrogen  is  given  off  in 
considerable  quantities;  small  quantities  of 
other  less  important  gases  are  also  generally 
present 

The  vapors  are  mostly  coal  tar  and 
naphtha,  with  small  quantities  of  sulphur. 
Their  presence  can  be  detected  by  placing 
a  cold  iron  bar  in  the  yellow  gases  rising 
from  a  fresh  charge;  a  sticky  coating,  con- 
sisting mostly  of  condensed  tar,  will  form  on 
the  cold  metal. 

The  proportion  of  volatile  matter  in  coal 
depends  on  its  composition.  Anthracite 
consists  almost  entirely  of  fixed  carbon  and 
ash;  while  in  some  bituminous  coals  the 
greater  part  is  volatile  matter.  The  relative 
proportions  of  fixed  gases  and  condensable 
vapors  in  the  volatile  parts  of  coal  also  vary 
twith  the  composition  of  coal.  In  some 
cases,  the  volatile  matter  contains  consider- 
able quantities  of  the  tarry  vapors  and 
heavy  hydrocarbon  gases,  as  C^tii,  while  in 
others  it  consists  largely  of  the  light  marsh 
gas  CH^  and  free  hydrogen. 

The  quantity  and  composition  of  the  vola- 
tile matter  depends  not  only  on  the  compo- 
sition of  the  coal  itself  but  also  on  the 
conditions  under  which  distillation  takes 
place,  a  difference  in  the  temperature  and 
the  presence  or  absence  of  air  or  steam 
modifying  the  composition  of  the  vapor  and 
gases  to  a  very  great  extent.  Irregular 
firing  and  draft  result  in  a  great  difference 
in  the  quantity  and  composition  of  the 
gas  to  be  burned  in  the  furnace  at  different 
periods. 

With  few  exceptions,  coal  contains  small 
quantities  of  sulphur,  usually  in  combina- 
tion with  some  other  element;  one  of  the 
most  common  compounds  is  that  of  sulphur 
and  iron,  known  as  iron  pyrites.  When  the 
coal  is  heated,  the  sulphur  is  separated  from 
the  iron  and  bums  to  sulphur  dioxide  SO^. 
The  heat  derived  from  the  combustion  of 
the  sulphur  found  in  coal  is  small,  but 
the  sulphur  dioxide  formed,  in  combination 
with  the  moisture  in  the  gases,  corrodes  iron 
very   rapidly;    any   relatively   cold   metal 
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Fig.  1 


exposed  to  the  gases  from  coal  rich  in 
bulphur  is  rapidly  corroded  and  destroyed. 
At  the  temperature  generally  existing  in  a 
boiler  furnace,  the  tar  and  other  liquids  are 
vaporized  and  mix  with  the  gases.  This 
gaseous  mixture  is  readily  burned  under 
proper  condi- 
tions of  air  sup- 
ply and  temper- 
ature. The  con- 
ditions involved 
in  the  combus- 
tion of  the  gases 
and  vapors  may 
readily  be  stud- 
ied by  the  aid  of 
the  flame  of  a 
common  tallow 
candle.  The 
tallow  forms  a 
supply  of  solid 
hydrocarbon, 
which,  under 
the  action  of  the  heat  of  the  flame,  is  lique- 
fied; then,  by  capillary  attraction,  it  is  drawn 
up  into  the  wick  to  a  point  where  the  heat 
is  sufficient  to  vaporize  it.  A  process  of 
distillation  here  goes  on,  and  a  blue,  trans- 
parent, cone-shaped  mass  of  vapor  and  gas, 
shown  at  r,  Fig.  1,  is  formed.  The  heat  of 
the  flame  causes  a  current  of  air  to  approach 
from  all  sides,  and  provides  a  supply  of 
oxygen  that  comes  in  contact  with  the  sur- 
face of  the  hot  cone  of  vapor.  The  air  that 
reaches  this  part  of  the  flame,  however,  is 
not  sufficient  for  the  complete  combustion 
of  the  vapor;  and,  since  the  hydrogen  in  the 
hot  cone  has  a  greater 
affinity  for  oxygen  than 
it  has  for  carbon,  it  com- 
bines with  all  the  avail- 
able oxygen  and  bums 
to  water  H^O,  The  car- 
bon is  left  in  the  form 
of  minute  solid  particles 
that  become  highly  heat- 
ed and  give  this  part  of 
the  flame  its  bright- 
yellow  color.  As  the  hot  particles  of  car- 
bon rise,  they  come  in  contact  with  the  in- 
ward current  of  air,  which  furnishes  oxygen 
sufficient  to  bum  them  to  CO,.  The  gas  so 
produced,  mixed  with  the  H^O  from  the 
luminous  portion  b  of  the  flame,  forms  the 
nearly  colorless  outer  and  upper  section  a, 
which  gradually  mixes  with  the  surrounding 
air,  cools,  and  becomes  wholly  invisible. 

If  we  insert  the  end  of  a  glass  tube  into 
the  inner  cone  of  the  flame,  as  shown  in 


Fig.  2,  a  part  of  the  gas  which  has  as  yet  not 
received  a  supply  of  air  may  be  drawn  ofif. 
In  passing  through  the  tube  this  gas  is 
cooled  below  the  temperature  at  which  it 
will  burn,  and  it  issues  from  the  tube  into 
the  air  without  igniting.  By  applying  a 
lighted  match  to  this  gas  and  beathig  it,  it 
may  be  lighted  and  burned.  This  simple 
experiment  illustrates  two  of  the  most  im- 
portant principles  involved  in  the  economical 
combustion  of  the  gases  in  a  boiler  furnace. 
It  shows,  first,  that  gas  that  has  been  cooled 
below  the  temperature  of  ignition  cannot  be 
burned  merely  by  furnishing  a  supply  of  air; 
second,  that  when  the  gas  is  supplied  with 
air  it  can  be  burned  if  its  temperature  is 
raised  to  the  igniting  point. 

In  order  to  bum  the  fixed  carbon  in  the 
coal,  a  high  temperature  is  needed  to  cause 
the  atoms  of  carbon  to  combine  with  the 
oxygen  supplied  by  the  air.  The  igniting 
temperature  of  the  fixed  carbon,  and  also  of 
the  volatile  substances,  is  estimated  to  be 
about  1,800°  F.  Since  the  maximum  tem- 
perature in  the  furnace  rarely  exceeds  2,500*^ 
F.,  and  is  ordinarily  several  hundred  degrees 
less,  it  is  seen  that,  on  account  of  the  rela- 
tively small  diflerence  between  the  igniting 
temperatures  of  the  carbon  and  gases  and 
the  maximum  temperature  in  the  furnace, 
constant  care  is  needed  to  prevent  the  tem- 
perature in  the  furnace  from  falling  below 
1,800°  F.  The  temperature  in  the  furnace 
can  be  judged  quite  accurately  by  the  appear- 
ance or  color  of  the  fire  in  accordance  with 
the  relation  between  color  and  temperature 
given  in  the  accompanying  table: 


Temperature 

in  Degrees 

Fahrenheit. 


980° 
1,290° 
1,470° 
1,857° 
1.1 


I         l!830°  I      Brig] 


Appearance. 


Red— Just  visible. 
Dull  red. 
Dull  cherry  red. 
Pull  cherry  red. 
Bright  red. 


Temperature 
in  Degrees 
Fahrenheit. 


2  010° 
2,190° 
2,370° 
2,560° 
2,740° 


Appearance. 


Dull  orange. 
Bright  orange. 
White  heat. 
White  welding  heat. 
White  dazzling  heat. 


When  the  supply  of  air  is  sufi&cient  and 
the  temperature  high  enough,  the  carbon 
burns  to  carbon  dioxide  CO^,  which,  being 
the  product  of  complete  combustion,  is 
incombustible.  With  a  high  temperature 
and  deficient  air  supply,  carbon  monoxide 
CO  is  formed.  Since  thisgas  is  the  product 
of  incomplete  combustion,  it  can  be  burned 
to  CO^  by  bringing  it  into  intimate  contact 
with  air  while  highly  heated. 

When  solid  carbon  burns  on  a  grate,  the 
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chemical  changes  or  reactions  are  about  as 
follows:  Some  of  the  oxygen  of  the  air  that 
rises  through  the  grate  combines  with  the 
first  layers  of  hot  carbon  in  the  proportion 
of  2  atoms  of  oxygen  to  1  atom  of  carbon, 
and  carbon  dioxide  CO^  is  formed.  As  the 
gases  rise  through  the  fire,  more  of  the  oxy- 
gen combines  with  carbon,  and,  as  long  as 
the  supply  of  air  is  sufiident  and  well  dis- 
tributed, the  combination  is  mostly  in  the 
proportion  that  produces  CO^.  With  a  thick 
bed  of  fuel,  however,  or  an  arrangement  of 
the  fuel  that  does  not  permit  of  a  proper 
distribution  of  air,  there  will  be  some  por- 
tions of  the  fire  in  which  the  supply  of 
oxygen  is  not  great  enough  to  furnish  the 
2  atoms  for  the  production  of  CO^.  Only 
1  atom  of  oxygen  will  be  available  for  com- 
bination with  some  of  the  carbon  atoms 
burned,  and  the  product  will  be  CO,  Fur- 
ther, when  a  molecule  of  CO^  comes  into 
close  contact  with  the  hot  carbon,  the  attrac- 
tion of  the  carbon  for  oxygen  is  so  great  that 
1  atom  of  the  oxygen  leaves  the  COf  and 
combines  with  an  atom  of  carbon;  2  mole- 
cules of  CO  are  thus  formed,  one  by  the 
separation  of  one  of  the  oxygen  atoms  from 
the  molecules  of  CO,,  and  the  other  by  the 
combination  of  an  atom  of  carbon  with 
the  oxygen  atom  so  released.  To  separate 
a  given  weight  of  CO^  into  CO  and  0  absorbs 
as  much  heat  as  was  developed  when  the  CO 
combined  with  oxygen  to  form  the  CO^;  the 
net  production  of  heat  is  the  same  whether  a 
certain  amount  of  carbon  is  burned  to'  CO 
directly  and  passes  off  in  that  form,  or 
whether  a  part 
of  it  is  first 
burned  to  CO^, 
and  this  gas  is 
then  decom- 
posed with  the 
productionof  CO 
and  oxygen, 
which  combines 
with  the  re- 
mainder of  the  carbon  to  form 
CO.  The  carbon  monoxide 
formed  in  the  fuel  bed  passes 
on  to  the  itimaoe,  and  if  there 
is  not  sufficient  oxygen  pres- 
ent, or  if  the  temperature  is 
not  high  enough,  it  will  pass 
away  unburned.  If  sufficient 
oxygen  is  present  and  the  furnace  tempera- 
tore  is  high  enough,  each  molecule  of  CO 
¥rill  combine  with  another  atom  of  oxygen, 
and  thus  bum  to  CO^, 
A  careful  study  of  the  above  outlines  of 
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the  processes  involved  shows  that  economical 
combustion,  both  of  the  volatile  matter  and 
of  the  solid  carbon,  involves  the  following 
essential  conditions:  (1)  There  must  be  a 
supply  of  air  sufficient  to  furnish  the  oxygen 
required  for  complete  combustion.  (2) 
This  air  must  be  so  distributed  as  to  bring 
the  oxygen  into  intimate  contact  with  all 
parts  of  the  fuel.  (3)  The  temperature 
must  be  high  enough  to  bring  about  the 
combustion.  With  either  of  these  essentials 
lacking,  there  will  be  incomplete  combustion 
and  a  loss  of  heat. 

The  smoke  arising  firom  an  ordinary  fire 
may  properly  be  divided  into  two  classes: 
Firtt,  the  partly  condensed  tarry  vapors  pro- 
duced by  the  distiUation  of  the  fuel;  second, 
the  minute  particles  of  solid  carbon  left  when 
the  hydrocarbons  are  but  partially  burned. 
Smoke  of  the  second  class  is  so  objectionable 
that  in  many  cities  there  are  special  ordi- 
nances that  either  prohibit  the  burning  of 
soft  coal  or  require  it  to  be  burned  in  such 
manner  that  there  is  no  formation  of  smoke. 

When  hydrocarbons  are  heated  in  the 
presence  of  air,  the  affinity  of  the  hydrogen 
for  oxygen  is  great  enough  to  cause  it  to 
separate  from  the  carbon  and  combine  with 
the  oxygen.  If  the  supply  of  air  is  sufficient 
and  the  temperature  is  great  enough,  the 
carbon  so  set  free  will  bum,  and  no  smoke 
will  be  produced.  If,  however,  there  is  a 
limited  air  supply,  or  a  temperature  too  low 
for  their  combination  with  oxygen,  the  car- 
bon atoms  will  combine  with  one  another  and 
form  molecules  of  carbon  that  collect  into 
minute  particles  of  solid  carbon.  It  is  the 
presence  of  these  hot  carbon  particles  that 
gives  color  to  the  flame  of  an  ordinary  lamp 
or  fire.  If  they  can  be  supplied  with  oxygen 
at  a  high  enough  temperature  they  will  bum, 
as  we  saw  in  the  flame  of  the  candle.  Fig.  1. 
Under  unfavorable  conditions,  however, 
these  solid  particles  of  carbon  do  not  bum, 
but  are  deposited  as  soot  or  carried  out  of 
the  furnace  with  the  gases  as  smoke.  The 
nature  of  these  unfavorable  conditions  can 
well  be  studied  by  considering  the  action  of  an 
ordinary  kerosene  lamp.  With  a  good  chim- 
ney, a  flame  not  too  high,  and  a  clean  burner, 
the  lamp  bums  with  a  bright  steady  flame 
and  no  smoke.  The  bright  flame  indicates  a 
high  temperature,  and  the  absence  of  smoke 
shows  that  the  air  supply  is  ample  and  well 
distributed.  Insert  a  cold  iron  rod  into  the 
flame  from  the  top  of  the  chimney;  a 
deposit  of  soot— unburned  carbon— collects 
on  the  rod  and  the  gas  that  rises  along  the 
sides  of  the  rod  is  cooled  so  much  that  a 
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part  of  the  carbon  is  not  burned,  and  con- 
siderable smoke  is  formed.  Interfere  with 
the  air  supply  by  partly  closing  the  top  of 
the  chimney  or  the  holes  in  the  barner,  and 
a  cloud  of  smoke  is  formed.  Remove  the 
chimney  so  as  to  interfere  with  the  distribu- 
tion of  the  air  to  the  low^  part  of  the  flame, 
while  a  large  volume  of  cold  air  meets  the 
upper  part,  and  we  have  a  case  in  which  the 
carbon  is  cooled  by  the  action  of  an  excessive 
supply  of  cold  aur  imperfectly  distributed. 
Turn  the  wick  too  high  and  there  is  more 
gas  formed  than  can  be  supplied  with  air 
before  it  gets  too  cold  for  the  carbon  to  bum. 

It  is  seldom  that  the  supply  of  air  to  a 
boiler  furnace  is  not  great  enough  to  bum 
the  carbon  and  prevent  the  formation  of 
smoke;  in  fact,  it  is  often  found  that  large 
volumes  of  smoke  are  accompanied  by  a 
liberal  supply  of  oxygen.  The  more  com- 
mon condition  when  smoke  is  formed  is 
a  too  low  temperature  of  the  fire  itself  or 
a  poor  distribution  of  the  air,  which  pre- 
vents oxygen  from  reaching  the  carbon 
before  it  is  cooled  by  contact  with  the 
boiler  plates.  Heavy  firing,  by  means  of 
which  large  volumes  of  gas  are  formed  and 
the  furnace  greatly  cooled,  is  one  of  the 
most  prolific  causes  of  smoke  production. 
Owing  to  the  high  ignition  temperature 
of  solid  carbon,  smoke  when  once  formed 
is  extremely  difficult  to  bum.  With  prop- 
erly constructed  furnaces,  good  draft,  and 
careful  management,  gmoke  prevention  is  pos- 
sible; smoke  coTuumpHon,  however,  may  be 
said  to  be  a  practical  impossibility  under 
any  of  the  conditions  exiathig  in  the  furnace 
of  a  steam  boiler. 

If  the  bed  of  burning  fuel  is  thick  and 
the  draft  sluggish,  carbon  monoxide  will 
rise  from  the  surface  of  the  fire,  and,  if  it  is 
not  burned  to  carbon  dioxide  by  mingling 
with  air  admitted  above  the  fire,  will  pass  out 
through  the  flues  and  cause  a  great  loss  of 
heat— about  10,100  B.  T.  U.  for  each  pound 
of  carbon. 

Two  remedies  for  this  type  of  loss  are 
available.  Mrsi,  the  fuel  bed  may  be  made 
so  thin  that  sufficient  air  may  enter  through 
the  grate  to  either  prevent  the  formation 
of  carbon  monoxide  or  to  bum  it  to  car- 
bon dioxide  as  soon  as  it  formed;  second, 
sufficient  air  to  burn  the  carbon  monoxide 
that  rises  from  the  coal  may  be  admitted 
into  the  fumace  above  the  fire.  If  there  is 
B  brisk  fire  and  a  high  temperature  in  the 
furnace,  the  carbon  monoxide  can  be  easily 
burned  by  either  of  the  two  methods  given, 
a  short  palish-blue  flame  being   produced 


near  the  surface  of  the  fuel.  With  a  slow, 
dull  fire,  the  temperature  in  the  furnace 
may  be  too  low  to  ignite  the  escaping  gas, 
which  will  pass  out  with  any  air  that  may 
be  present,  no  combination  taking  place. 
There  is  thus  a  double  loss — heat  is  wasted 
not  only  by  the  escape  of  carbon  monoxide 
but  also  by  the  heating  of  the  excess  of  air. 

The  presence  of  unoonsumed  carbon 
monoxide  is  not  easily  detected  by  mere 
observation,  owing  to  the  gas  being  colorless. 
By  regulating  the  fire,  however,  so  that 
a  high  temperature  is  maintained  in  the 
furnace,  and  watching  the  surfiftoe  of  the 
burning  fuel  to  see  that  sufficient  air  is 
present  to  produce  the  palish-blue  flame 
previously  mentioned,  we  can  make  reason- 
ably sure  that  the  amount  of  unoonsumed 
carbon  monoxide  will  be  exceedingly  small. 

With  a  large  grate  and  a  very  low  rate  of 
combustion,  there  is  usually  considerable 
formation  of  unoonsumed  CO,  owing  to  the 
relatively  low  temperature  in  the  furnace. 
The  remedy  is  to  restrict  the  grate  area  by 
bricking  up  with  one  or  more  courses  of  fire- 
brick, so  as  to  secure  a  higher  combustion 
rate  and  consequent  high  temperature. 
Simply  admitting  more  air,  when  there  is  a 
very  low  rate  of  combustion,  is  liable  to 
increase  the  heat  losses,  eince  it  will  result 
in  still  further  lowering  the  temperature  of 
the  furnace. 

The  escape  of  unoonsumed  hydrocarbon, 
with  its  attendant  loss  of  heat,  is  more 
readily  detected  by  direct  observation  of 
the  fire  than  is  that  of  carbon  monoxide, 
especially  when  the  loss  from  this  source  is 
large.  The  yellowish  vapors  that  rise  from 
freshly  fired  coal  are  familiar  to  all  firemen, 
and  are  an  evidence  of  unconsumed  hydro- 
carbons. When  the  heavier  hydrocarbons 
are  contained  in  the  smoke  in  considerable 
quantities,  the  smoke  from  the  chimney  is 
yellowish  in  color  and  bus  a  tarry  odor.  The 
conditions  required  for  the  complete  com- 
bustion of  the  hydrocarbons  are  the  same  as 
for  the  fixed  carbon  of  the  fuel;  that  is,  a 
sufficient  air  supply,  an  intimate  mixture  of 
the  air  with  the  gases,  and  a  high  tempera- 
ture. In  practice,  it  seldom  happens  that  a 
large  part  of  the  carbon  in  the  volatile  mat- 
ter escapes  unburned,  even  when  a  great 
deal  of  black  smoke  is  produced.  Owing  to 
its  finely  divided  state,  a  small  quantity  of 
carbon  will  give  a  high  color  to  a  laige 
volume  of  gas  coming  from  a  chimney,  and 
there  will  appear  to  be  a  serious  waste  when 
the  actual  heat  loss  is  really  comparatively 
small. 
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Numerous  careful  teste  have  shown  that 
the  production  of  black  smoke  does  not 
neoeseaiily.  represent  a  great  loss  of  effi- 
ciency. In  many  cases  it  has  even  been  found 
that  a  reduction  of  efficiency  accompanied 
the  use  of  furnace  arrangements  that  were 
sucoesefhl  in  preventing  smoke.  The  reason 
for  this  appears  to  be  that  the  gases  were 
burned  with  a  large  excess  of  air,  which, 
while  so  controlled  as  to  burn  the  carbon  to 
CO  or  COi,  thus  rendering  it  invisible,  car- 
ried much  more  heat  from  the  furnace  than 
was  developed  by  the  comparatively  small 
weight  of  carbon  that  would  have  appeared 
in  the  smoke.  The  losses  due  to  solid 
carbon  falling  into  the  ash-pit,  the  escape 
of  unbumed  hydrocarbons,  incomplete  com- 
bustion of  the  fixed  carbon  on  the  grate,  and 
a  needless  excess  of  air  are  always  much 
more  serious  than  the  loss  due  to  the  forma- 
tion of  black  smoke. 

Although  smoke  in  itself  represents  no 
serious  loss  of  heat,  its  production  in  large 
quantities  is  often  the  result  of  conditions 
that  produce  imperfect  combustion  of  the 
carbon  monoxide  and  the  hydrocarbons.  A 
low  furnace  temperature,  the  piling  of  coal 
on  the  fire  in  such  large  quantities  that  an 
excessive  volume  of  combustible  gas  is  given 
off,  while  at  the  same  time  the  furnace  tem- 
perature is  lowered  by  the  heat  absorbed  in 
the  process  of  distilling  the  volatile  matter 
fh>m  the  freshly  fired  coal,  and  also  the 
admission  of  large  volumes  of  cold  air,  tend 
to  produce  black  smoke,  and  besides  rep- 
resent serious  and  unnecessary  heat  losses. 

There  are  processes  accompanying  the 
combustion  of  coal  in  the  boiler  fhrnace 
which  in  themselves  absorb  great  quantities 
of  heat,  and  in  consequence  have  an  im- 
portant bearing  on  the  question  of  complete 
and  economical  combustion.  All  moisture 
that  enters  the  furnace  with  the  fuel  must 


be  evaporated  at  the  expense  of  the  heat 
developed  by  the  combustion  of  the  coal; 
the  vapor  thus  formed  passes  out  of  the 
chimney  at  a  temperature  seldom  less  than 
400^.  Assuming  that  the  moisture  enters 
the  furnace  at  a  temperature  of  70^  and 
leaves  at  400'',  nearly  1,200  B.  T.  U.  will  be 
lost  for  each  pound  of  moisture  in  the  coal. 

Moisture  in  coal  can  only  be  driven  off*  by 
heating  it  above  ordinary  temperatures, 
but  it  will  be  readily  absorbed  at  ordinary 
temperatures;  hence  it  is  important  that  coal 
should  not  be  exposed  to  rain,  but  should 
always  be  stored  under  cover.  In  some  cases 
it  may  be  advantageous  to  wet  bituminous 
coal;  wh^n  wet,  especially  if  the  coal  is  fine, 
it  cokes  better  and  there  is  thus  less  waste 
firom  coal  &lling  into  the  ash-pit.  Wetting 
is  only  recommended  for  bituminous  slack 
and  anthracite  culm,  and  should  be  as  moder- 
ate as  will  secure  the  results  desired.  It 
would  be  much  better,  however,  where  the 
draft  is  moderate,  to  use  grates  with  smaller 
openings.  When  the  draft  is  exceptionally 
strong  and  very  fine  coal  is  burned,  wetting 
becomes  almost  a  necessity.  If  not  done, 
the  strong  draft  will  actuaUy  carry  a  large 
percenta|;e  of  the  fine  coal  up  the  stack. 

The  distillation  of  the  volatile  matter  is  a 
process  that,  with  all  bituminous  coals,  and 
to  a  lesser  d^;ree  with  anthracite,  absorbs  a 
great  deal  of  heat.  The  effect  of  this  heat 
absorption  is  clearly  shown  by  the  drop  in 
the  steam  pressure  when  a  large  quantity  of 
fresh  coal  is  thrown  on  the  fire,  which  drop 
is  largely  due  to  the  lowering  of  the  furnace 
temperature  through  the  heat  absorbed  by 
the  distillation  of  the  volatile  matter.  While 
the  absorption  of  heat  is  necessary  to  the 
driving  off  of  the  volatile  combustible,  the 
losses  attendant  to  a  lowering  of  the  furnace 
temperature  can  be  minimized  by  frequent 
l^ht  charges  of  coal. 


SUBMARINE   CABLES   AND  ELECTRIC 
RAILW^AYS 


IT  WOULD  hardly  seem  possible  that  street 
railways  would  interfere  with  the  work- 
ing of  submarine  cables,  but  such  is  the 
case.  The  Telegraph  Cable  Company  has 
brought  suit  against  the  Cape  Town  Traction 
Company  for  disturbances  caused  by  the 
current  wandering  off  from  its  track  return. 
These  stray  currents  affect  the  cable  signals 


so  that  at  times  they  are  almost  unintelligible. 
The  exact  way  in  which  these  disturbances 
are  brought  about  is  a  matter  over  which 
there  has  been  considerable  dispute,  but  it 
has  been  found  that  by  making  the  ground 
connection  by  a  short  cable  running  a  few 
miles  out  to  sea,  the  trouble  may  be  con- 
siderably reduced. 
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EVEKY  carpenter  should  be  able  to  con- 
struct all  classes  of  stairways  that  may 
arise  in  the  practice  6f  his  trade.  In 
order  to  do  this,  however,  he  must  acquire 
a  certain  amount  of  technical  knowledge, 
which  can  be  had  only  by  careful  study  of 
the  subject  usually  designated  as  ''staircase 
joinery."  It  is  conceded  that  this  class  of 
work  calls  for  more  technical  knowledge 
than  any  other  branch  of  the  building  trades, 
and  the  workman  with  ordinary  common 


being  the  height  between  floors  for  the  sum 
of  the  risers,  and  the  ayailable  "  going"  for 
the  sum  of  the  treads  and  landings.  In  the 
case  in  hand,  the  height  is  12  feet  10  inches, 
and  the  total  of  the  going  for  the  three 
flights  is  15  feet  10  inches.  This  total  is  made 
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sense  who  supplies  himself  with  the  requi- 
site knowledge  on  this  subject  will  attain 
the  top  of  his  trade,  and,  by  yirtue  of  his 
superior  ability,  be  of  greater  j^^  Board. 
flnancial  worth  to  his  employers. 
That  more  of  our  mechanics 
do  not  understand  staircase 
joinery  can  be  attributed  to 
the  fiict  that  the  newel  and  platform  stair- 
ways have  superseded  the  geometrical  stair- 
ways. Today  it  is  all  newel  and  platforms, 
everything  straight,  all  curves  careftilly 
avoided  as  being  out  of  date  and  inferior 
from  point  of  embellishment  and  utility. 
The  writer,  while 
demurring  from  such 
ungrounded  senti^ 
ment,  will  endeavor  to 
explain  the  method 
of  constructinga  newel 
and  platform  stairway.  Such  a  stairway 
is  shown  in  Fig.  1. 

The  first  thing  for  a  stair  builder  to  do  is 
to  take  his  measurements,  the  principal  ones 


up  as  follows:  First 
flight,  8  feet  4 
inches;  second 
flight,  3  feet  4 
inches;  third  flight, 
4  feet  2  inches.  We 
have  also  two  plat- 
forms and  one  landing  to  be  counted  as  form- 
ing one  tread.  The  height  12  feet  10  inches  is 
to  be  divided  into  the  number  of  risers 
required,  in  this  case  22,  which  is  equal  to 
the  combined  number  of  treads  and  land- 
ings. By  dividing  12  feet  10  inches  by  22, 
wejobtain  a  rise  7  inches  in  height  To  find 
the  width  of  the  tread,  it  is  necessary  to 
divide  the  combined  going  of  the  three 
flights,  which  is  16  feet  10  inches, 
or  190  inches,  by  19,  obtaining  in 
ler  10  inches  for  the  width 
'  the  treads.  The  going 
divided  by  19  instead  of 
S,  as  was  done  with  the 
height  for  the  riser, 
because  the  two  plat- 
forms and  the  landing 
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always  be  remembered  in  setting  out  stabr- 
ways  that  every  landing,  whether  a  plat- 
form or  floor,  is  to  be  considered  as  a  tread, 
and  that  therefore  each  flight  contains  one 
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riser  in  ezoeea  of  the  number  of  treads. 
Another  thing  to  consider  is  the  proportion- 
ing of  treads  and  risers.  From  experiment, 
it  has  been  found  that  24  inches  is  the  actual . 


11  into  66,  the  quotient  will  be  6  inches, 
which  will  be  the  best  proportioned  riser 


Length  of  Stretchout 


space  covered  by  a  step  on  a  level  place,  and 
that  11  inches  is  the  height  an  ordinary  man 
may  raise  his  foot  in  stepping  vertically.  By 
adding  these  together,  we  obtain  35  inches, 
which  is  the  length  of  the  combined  two 
steps. 

It  is  evident  tiiat  one  step  in  the  stairway 
will  contain  one-h&lf  of  this 
number,  and,  in  stair  build- 
ing, the  steps  should  be 
arranged  in  the  proportion 
of  24  to  11.  Thus,  if  the 
tread  is  12  inches  wide,  the 
riser  should  be  5i  inches, 
which,  in  actual  construc- 
tion, is  considered  the  near- 
est approach  possible  to  perfection  in  the 
proportioning  of  treads  and  risers,  and 
this  proportion,  when  the  staircase  admits, 
should  always  be  adhered  to.  The  prod- 
uct of  the  riser  and  tread  of  an  ideal  step 
is  QQj  and  from  this  a  rule  has  been 
derived  by  which  it  is  possible  to  pro- 
portion   other    steps    to   meet    conditions 


Fig.  7 
for  a  step  having  this  tread.  Reversely, 
assuming  the  height  measuremeiits  to  call 
for  an  8-inch  riser;  by  dividing  8  into  66  we 
obtain  the  quotient  8^  inches, 
which  will  be  the  beet  pro- 
portioned tread  to  meet  the 
conditions  of  easy  stepping. 
After  determining  in  this 
manner  the  width  of  treads 
and  risers,  it  becomes  neces- 
sary to  get  out  what  is  called 
a  "pitch  board."  This  is 
shown  in  Fig.  2.  By  means  of  the  pitch 
board  the  stringers  are  marked  for  housing  or 
cutting,  as  the  case  may  be,  applying  it  as  a 
templet  to  the  stringer  in  the  manner  desig- 
nateid  in  Fig.  3.  Two  templets  are  then  pre- 
pared, one  to  mark  the  housing  of  the  treads 
and  the  other  to  mark  the  housing  of  the 


Fig.  9 


Fig.  10 


arising  from  variant  dimensions  of  heights 
and  goings.  This  rule  consists  in  dividing 
either  the  riser  or  tread  into  66.  For  in- 
stance, assume  an  11-inch  tread;  by  dividing 


risers.  These  templets  are  shown  at  (a)  and 
(6)  in  Fig.  3.  They  represent,  in  thickness, 
the  tread  and  riser,  together  with  the  wedges. 
In  the  templet  for  the  tread  is  placed  a 


Digitized  by 


v^oogie 


404 


PLATFORM  AND  NEWEL  STAIRWAY 


Fio.  11 


brad  awl,  as  designated,  to  hold  it  in  place 
on  the  stringer  for  marking.  When  the 
templet  is  remoTed,  the  mark  made  by  the 
brad  awl  on  the  stringer  will  be  the  center 
to  insert  the  brace 
bit  to  bore  for  the 
housing  of  the 
nosing. 

The  waU  string- 
er to  the  bottom 
flight  is  shown 
in  Fig.  4,  and  il- 
lastrates  the  ap- 
pearance of  the 
stringer  after  the  application  of  the  pitch 
board  and  templets,  when  it  is  ready  for  the 
boosing.  The  catting  is  done  by  boring  holes 
at  the  intersection  of  the  treads  and 
risers,  as  shown  in  the  first  step  of  the 
stringer,  Fig.  4.  Then  saw  along  the 
lines  of  the  housing  to  the  depth  of  | 
inch,  the  waste  material  being  removed 
by  a  router  plane,  which  leaves  the 
housing  clean  and  uniform  in  depth. 
Fig.  5  is  a  view  of  a  front-cut 
stringer.  Step  a  shows  how  it  is 
cut  to  miter  with  the  riser,  and  step 
c  when  brackets  are  planted  on  the 
face  of  the  stringers.  The  other  steps 
show  the  mitered  treads  and  risers 
grooved,  tongued,  and  blocked  as  at  6. 
It  may  be  interesting  to  the  reader 
to  know  how  the  treads  are  marked 
out  preparatory  to  dovetailing  for 
receiving  the  balusters,  and  the 
method  is 
therefore  il- 
lustrated in  Fig.  6. 
At  (a),  the  tr^  is 
shown  marked  and 
mitered,  while  at 
(6)  a  cross-section 
of  a  step  shows  the 
balusters  in  posi- 
tion and  dovetailed 
to  the  end  of  the 
tread. 

Referring  to  Fig. 
] ,  the  first  two  steps 
in  the  plan  are  what 
are  termed  bull- 
nose  steps,  the 
curve  being  a  semi- 
circle. The  diflfer- 
ent  methods  of  finding  the  stretchout  of 
the  curved  portions  are  clearly  illustrated 
in  Figs.  7  and  8,  and  can  be  described  as 
follows:  From  the  center  o,  in  Fig.  7  (a), 
draw  the  semicircle  a  h  cd\  from  d  and  a 


as  centers  and  with  do  or  a o  as  radius, 
draw  the  arcs  o  e  and  o  6,  cutting  the  semi- 
circle in  b  and  c.  Connect  bd  and  ea  and 
draw  af  perpendicular  to  a  c,  and  (ie  perpen- 
dicular to  db.  The  length  of  the  stretchout 
will  then  be  ef  on  the  crown  tangent  In  Fig. 
7  (6),  describe  the  semicircle  nhfn.  From  n 
and  m  as  centers  and  m  n  as  radiua,  describe 
the  arcs  nyw  and  my  to,  intersecting  each 
other  in  w.  Connect  w  m  and  extend  to  x; 
also  connect  w  n  and  extend  to  y.  The  line 
xy  will  be  the  length  of  the  stretchout  of  the 
semicircle  nhm. 

The  third  method  is  shown  in  Fig.  8,  and 
th^  length  of  the  stretchout  is  obtained 
by  simply  drawing  an  angle  of  30^  from 
a  a,  intersecting  a  line  drawn  tangent  to  the 
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crown  of  the  semicircle,  as  at  66.  Fig.  8 
also  illustrates  the  method  of  spacing  the 
kerfings  in  case  kerfing  is  determined  on  to 
bend  the  risers.  A  piece  of  stuff  of  the  same 
thickness  as  the  riser  is  nailed  tangent  to  the 
curve,  as  at  the  springing  a;  a  saw  cut  is 
made  at  a  to  within  i  inch  of  the  opposite 
side.  The  piece  is  then  bent  until  the  saw 
cut  is  tightly  dosed,  determining  the  length 
de  on  the  line  66,  which  is  the  correct 
distance  between  the  kerfings. 

A  better  method  of  bending  is  shown  in 
Figs.  9  and  10.  In  this  case,  the  riser  is 
veneered  and  bent  around  the  block,  well 
glued  and  wedged  tight,  as  shown  in  Fig.  10. 
The  method  of  wedging  is  designated  and 
further  illustrated  in  Fig.  11,  and  the  placing 
of  the  wedges  is  shown  at  a  in  Fig.  10.  In 
housing  the  newel  to  receive  the  treads, 
risers,  and  stringers,  it  is  advisable  to  unfold 
the  sides  of  the  newel  and  mark  the  dimen- 
sions taken  from  the  elevation.  This  method 
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ifl  shown  in  Fig.  12;  the  dimensions  are  taken 
from  the  elevation  in  Fig.  13. 

Where  many  risers  and  treads  are  to  be 
housed  into  the  newel,  this  method  always 
shoold  be  adhered  to.  It  insures  accuracy 
and  renders  the  possibility  of  misplacing  the 
hoosing  unlikely.  Fig.  13  illustrates  the  ele- 
vation of  Fig.  1.    It  also  shows  the  ramps 


and  swannecks  of  the  rails,  the  easements  of 
the  stringers,  and  the  length  of  balusters 
and  new^. 

In  this  article  an  effort  has  been  made  to 
combine  in  one  example  all  the  difficulties 
of  a. platform  stairway,  and  the  writer  hopes 
that,  while  many  of  the  points  may  be  old 
to  our  interested  readers,  some  may  be  new. 


INCANDESCENT  LAMPS 


IN  A  paper  recently  read  before  the  Frank- 
lin Institute,  Mr.  Francis  W.  Wilcox 
gives  some  very  interesting  information 
relating  to  incandescent  lamps.  The  incan- 
descent lamp  is  such  a  common  object  that 
few  people  realize  the  vast  amount  of  time 
and  money  that  has  been  spent  to  bring  it 
to  its  present  state  of  perfection.  The  annual 
output  of  lamps  in  the  United  States  is  now 
between  15,000,000  and  20,000,000.  Not  only 
has  the  quality  of  lamps  been  greatly  im- 
proved, but  their  price  has  been  brought 
down  from  $1.00  to  an  average  of  18  cents. 
Lamps  that  were  at  one  time  sold  for 
$1.00  would  not  now  be  taken  as  a  gift,  so 
inefficient  would  they  be  when  compured 
with  modem  lamps. 

Many  people  have  the  impression  that  the 
filament  of  an  incandescent  lamp  is  made  of 
carbonized  bamboo  fiber.  This  was  true  of 
the  early  lamps,  but  filaments  are  now  made 
by  the  ''squirting"  process.  A  mixture  of 
cotton  is  made  and  squirted  through  dies. 
The  threads  are  then  molded  to  the  proper 
shape  and,  after  the  solvent  ia  dried  out, 
baked.  This  has  resulted  not  only  in  an 
enormous  cheapening  of  the  filaments,  but 
has  also  made  them  very  much  more  uniform. 
Before  this  process  was  introduced,  350 
hands  were  required  to  cut  bamboo  for  an 
output  of  20,000  lamps  per  day.  With  the 
present  method,  35  hands  can  turn  out  each 
day  filaments  for  40,000  lamps.  With  the 
bamboo  filament,  90  per  cent,  of  the  crude 
material  was  wasted,  while  with  the  squirt- 
ing process  95  per  cent,  is  utilized. 

Great  improvements  in  the  method  of 
joining  the  filaments  and  leading-in  wires 
have  also  helped  to  reduce  the  cost  of  these 
lamps.  One  of  the  more  recent  important 
advances^  is  in  the  matter  of  exhaustion. 
The  air  was  formerly  taken  out  by  means  of 
mercurial  air  pumps,  batches  of  50  to  100 
being  exhausted  at  one  time,  and  this  pre- 
vented individual  attention  being  paid  to 


each  lamp  during  the  process.  By  the 
present  so-called  ''chemical''  method,  the 
air  is  first  exhausted  to  quite  a  high  degree 
by  means  of  a  mechanical  air  pump  of 
special  design,  after  which  a  gas  that  com- 
bines with  the  residual  gases  and  renders 
them  harmless  is  introduced  into  the  bulb. 
Great  improvements  have  also  been  made  in 
methods  of  testing  the  lamps,  thus  resulting 
in  a  much  more  uniform  output. 

Notwithstanding  all  the  refinements  of 
manufacture,  not  more  than  one-third  of  a 
lot  of  lamps  will  come  out  just  at  the  voltage 
aimed  at;  in  other  words,  to  produce,  say, 
1,000  lamps  of  a  given  voltage,  about  3,000 
to  4,000  would  have  to  be  made,  and  the 
1,000  selected  from  these.  The  present 
tendency  is  toward  lamps  of  high  voltage. 
The  50-volt  lamp  was  formerly  much  better 
than  the  one  made  for  100  volts,  but  there  is 
now  to  difficulty  in  making  first-rate  100- 
volt  lamps,  and  the  result  is  that  the  use  of 
50  volts  is  rapidly  becoming  obsoleta 

In  the  paper  referred  to,  the  writer  men- 
tions the  fact  that  there  are  about  three 
times  as  many  110-volt  lamps  used  as  are 
manuflM^tured.  In  other  words,  lamps  put 
out  as  110-volt  are  really  109-  or  Ill-volt 
lamps.  The  necessity  is  urged  of  stations 
adopting  odd  voltages,  such  as  103, 105,  107, 
108,  or  109,  instead  of  sticking  to  the  old 
standards  of  104  and  110.  If  such  odd  volt- 
ages are  specified,  the  station  manager  is 
much  more  apt  to  get  lamps  of  the  voltage 
called  for,  because  it  is  impossible  to  make 
lamps  all  come  out  at  the  standard  voltages. 

In  the  early  days,  every  inventor  or  manu- 
facturing concern  that  put  forward  a  system 
of  incandescent  lighting  thought  it  necessary 
to  have  their  own  particular  style  of  lamp 
base.  The  result  was  that  there  were  no 
less  than  thirteen  difierent  lamp  bases  in 
use.  The  number  has,  however,  steadily 
decreased,  until  now  only  three  different 
styles  are  used  to  any  extent.    These  three 
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are  the  Edison,  Thomson-Hooflton,  and 
Westinghoase.  The  use  of  the  two  latter  is 
steadily  decreasing,  and  the  prospects  are 
that,  in  coarse  of  time,  the  Edison  base  will 
be  used  almost  exclosively.  The  reason  for 
this  is  that,  all  things  considered,  the  Edison 
is  the  best  base.  It  is  easy  to  make,  because 
it  has  few  parts,  and  these  are  yery  simple. 
It  also  makes  good  contact  in  the  socket 
The  Thomson-Houston  base  is  a  good  one, 
but  it  is  more  expensiye  to  make  than  the 
Edison,  and,  as  it  entails  an  extra  charge  of 
1  cent  apiece  on  .all  lamps  with  this  base, 
station  managers  are  fitting  lamp  sockets 
with  adapters,  so  that  Edison  base  lamps 


may  be  used.  The  Westinghouse  base  has 
poor  contacts,  and  these  become  worse  the 
more  the  sockets  are  used.  The  proportion 
of  the  different  sockets  in  use  in  the  United 
States  is  estimated  as  follows: 

Edioon M  per  cent. 

Thomaon-Honfltoii 25  per  cent. 

Weednghonie 15  per  cent. 

All  others 5  per  cent. 

Lamps  as  now  constructed  also  maintain 
their  candlepower  much  better  than  the 
older  types,  made  not  any  further  back  than 
ten  years  ago;  and,  when  one  considers  the 
accompanying  reduction  in  price,  the  ad- 
vances in  the  art  of  making  incandescent 
lamps  are  truly  striking. 
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A  Handy  Card  por  Saving  Time — Old  and  New  Methods  of  Taking  Pipe  Mbasuremxntb 


TIME  is  money.  Anything  that  will  re- 
duce the  time  necessary  to  perform  a 
piece  of  work  is  a  money  saver,  and 
should  be  adopted  by  all  who  require  it. 
Some  people  are  very  slow  in  picking  up  new 
methods;  they  are  quite  conservative  in 
their  ideas,  and  prefer  to  struggle  along, 
dragging  themselves  over  the  old  time-worn 
ruts  rather  than  change  to  the  newer  and 
easier  paths  that  will  lead  them  more 
quickly  and  with  less  resistance  to  the 
object  of  their  labors.  But  our  readers  are 
not  built  that  way;  if  they  were  they 'would 
not  be  subscribers  to  Scibncb  and  Industry. 
Mechanics  generally  have  different  ways 
of  doing  things,  and  pipe  fitters  in  particular 
have  different  ways  of  taking  pipe  measure- 
ments; and  yet,  in  a  way,  they  all  come  out 
about  right  in  the  end.  Of  course,  the 
pipes  are  sometimes  cut  too  short,  and,  at 
other  times,  they  are  too  long  to  properly 
fit  in  their  appointed  places,  and  the  fitter, 
after  ' '  trying  it  in,"  has  the  chagrin  of  hurry- 
ing down  to  the  pipe  vise  to  remedy  the 
&ult  before  anybody  sees  his  mistake. 

The  rule-of-liiumb  methods  employed  by 
pipe  fitters  in  ascertaining  the  length  of  a 
piece  of  pipe  that  is  intended  to  be  screwed 
in  between  two  45^  pipe  fittings  are  certainly 
quite  variable.  Most  of  them  are  unreliable, 
and  many  are  altogether  too  long.  To  assist 
pipe  fitters  in  taking  measurements  accu- 
rately and  quickly.  The  International  Corre- 
spondence Schools,  of  Scranton,  Pa.,  have 
designed  a  pipe-fitters'  chart,  a  reduced 
illustration  of  which  is  shown  in  the  accom- 
panying illustration. 


This  chart  is  designed  with  mathematical 
accuracy,  and  ia  destined  to  be  a  great  help 
to  pipe  fitters  by  enabling  them  to  quickly 
measure  the  proper  length  of  a  piece  of  pipe 
required  between  two  eighth  elbows.  It  is 
always  a  simple  matter  to  measure  the 
distance  from  center  to  center  of  the  pipes, 
as  shown  at  ^  in  the  figure,  and  this  is  the 
only  measurement  the  pipe  fitter  has  to  take 
with  his  rule  in  order  to  determine  the 
length  of  the  diagonal  pipe  B,  The  figures 
representing  the  measurements  taken  at  A 
are  shown  in  white  letters  near  the  inner 
edge  of  the  black  ring  on  the  chart  The 
measurement  of  the  diagonal  piece  at  B  is 
found  at  the  outer  ring  of  white  figures. 

To  use  the  chart,  measure  the  distance 
square  across  the  pipes  from  center  to  center. 


sice  of 
Pipe. 


I  Allowance. 

I 


}  inch 
finch 

1  inch  I 
1}  inches 
1^  inches 

2  inches 
2i  inches 


finch 
1  inch 
li  inches 
l\  inches 
li  inches 
l|  inches 
2i  inches 


Size  of 
Pipe. 


3  inches 

4  inches 
4}  inches 

5  inches 

6  inches 

7  inches 

8  inches 


Allowance. , 


2} iachee i 
!  2}  inches 
I  3    inches 
!  3^  inches  I 

4   inches  I 
I  4}  inches , 

5}  inches 


as  shown  at  A.  Point  off  this  measurement 
on  the  inner  circle  of  figures  on  the  chart. 
Follow  it  out  radially  to  the  middle  white 
circle  and  read  the  number  of  feet  and 
inches  it  represents  on  the  outer  circle  of 
figures.  This  gives  you  the  exact  measure- 
ment from  center  to  center  of  the  45® 
elbows.  Now  subtract  from  the  measurement 
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thoB  found  the  distance  between  the  ende 
of  the  threads  and  the  centers  of  the  45^ 
elbows,  and  yon  will  haye  the  length  of 
the  pipe  B, 
The  accompanying  table  shows  how  much 


Example.— The  distance  ^  is  7  feet  3 
inches.    Find  the  length  of  3-inch  pipe  at  B. 

Solution.— By  locating  the  7-foot  3-inch 
mark  on  the  inner  circle  of  figures,  and  fol- 
lowing it  out  radially  to  the  outer  circle  of 


to  allow  for  both  ends  if  standard  threads 
and  cast-iron  fittings  are  used. 

Presumably,  the  best  and  easiest  way  for 
our  readers  to  thoroughly  comprehend  the 
chart  is  to  work  out  an  example. 


figures,  we  read  10  feet  3  inches.  The 
allowance  for  the  fittings  (see  table)  is  2\ 
inches.  Therefore,  the  length  of  pipe  at  B 
is  10  feet  3  inches  —  2 J  inches  =  10  feet 
i  inch.    Ans. 
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A  DEVICE  FOR  THE  STEEL  SQUARE 

John  W.  Wo^fender 

Work  is  often  too  wide  even  for  the  large 
try  square,  and  it  is  consequently  necessary 
to  use  the  steel  square  in  laying  out 
the  work.  On  account  of  the  steel 
square  being  of  one  thickness,  the 
tongue,  when  placed  against  the 
timber,  must  be  tilted  somewhat, 
and  accurate  work  cannot  thus  be 
obtained.  In  order  to  avoid  this,  I 
show  in  the  accompanying  sketch  a 
little  device  that  I  have  often  used 
to  advantage.  The  arrangement 
consists  of  two  pieces  of  hard  wood 
or  metal  that  fit  tightly  over  the 
tongue  of 
the  square. 
The  outside 
leg  of  the 
clip  extends 
about  i  inch,  forming  a  stock  for  the  square. 
iy  this  arrangement,  the  square,  when 
placed  against  the  timber,  is  held  in  the 
same  plane  as  the  surface  of  the  work,  and 
lies  flat  on  the  material,  which  insures 
accurate  work. 

ELECTRICIAN'S  BIT 

Prank  N.  Blakt,  North  Adams,  Mass. 

A  GOOD  and  inexpensive  bit  for  making 
holes  through  thick  partitions  and  floors, 
dose  to  walls  and 
in  comers,  may  be 
made  from  a  round 
steel  umbrella  rib. 
Put  a  short  piece  of 
wire  through  the 
hole  at  one  end  and 
cast  a  little  lead  or 
some  harder  metal 
around  it  to  make 
a  shank;  flatten  the 
other  end  a  little 
and  sharpen,  leav- 
ing the  hole  for 
fishiog  wire.  In 
making  bits  shorter  than  the  full  length  of 
the  rib,  file  the  end  bright  and  dip  ioto 
soldering  fluid  before  casting  on  the  shank. 
The  flexibility  of  the  long  bit  allows  verti- 
cal holes  to  be  made  through  the  floor  close 


to  the  wall  or  in  a  corner,  which  cannot  be 
done  with  a  rigid  bit,  either  in  a  ratchet 
bit  stock  or  with  an  angular  boring  attach- 
ment; it  also  permits  boring  with  a  steady 
forward  motion,  while  using  the  ratchet 
would  not. 

A  FOLDING  DRAWING  TABLE 


Qeorge  F.  Lord 

The  study  of  mechanical  or  architectural 
drawing  requires  the  use  of  a  drawing  board 
and  set  of  instruments.  It  is  often  con- 
venient, however,  to  have  a  table  on  which 
the  drawing  board  can  be  placed,  or,  better 
still,  have  the  board  so  constructed  that  it  is 
a  board  and  table  combined. 

Those  who  have  much  drawing  to  do  in 
the  evening,  after  a  hard  day's  work  in  the 
ofl&ce  or  factory,  know  that  a  great  amount 
of  time  is  consumed  in  removing  books  and 
papers  from  the  library  or  dining-room  table 
in  order  to  make  way  for  the  small  drawing 
board  not  provided  with  its  own  supports. 
If  the  work  upon  which  a  person  is  en- 
gaged occupies  many  evenings  successively, 
the  repeated  bother  in  getting  ready  to  work 
becomes  trying,  and  the  student  or  drafts- 
man, unable  to  spare  the  time  thus  lost, 
looks  around  for  a  remedy.  He  finds  that 
he  can  buy  drawing  tables  that  do  almost 
everything  but  draw;  they  can  be  raised 
and  lowered,  or  twisted  this  way  or  that 
They  are  provided  with  numerous  swinging 
arms,  tiers  of  shelves,  casters,  and  thumb- 
screws, until  they  look  more  like  a  piece  of 
paper-making  machinery  than  a  simple  draw- 
ing table.  These  models  of  mechanical  skill 
are  convenient  in  the  extreme,  and  are  all 
that  can  be  desired  by  those  who  can  afford 
to  pay  the  price,  and  for  these  our  article 
will  be  of  little  interest. 

The  writer  had  considerable  drawing  to  do, 
and  realized  that  the  only  way  he  could 
make  progress  would  be  to  have  a  drawing 
table  on  which  to  leave  his  work,  so  that  he 
could  take  it  up  in  spare  moments.  Not 
caring  to  make  the  necessary  outlay  for  such 
a  table  as  he  would  want,  he  realized  that 
he  must  be  content  with  an  apparatus  that 
would  approach,  as  nearly  as  possible,  the 
perfection  attained  by  the  tables  on  the 
market.  The  first  point  that  he  decided 
was  that  he  could  not,  for  a  small  cost,  make 
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a  table  adjustable  in  height.  It  was  neces- 
sary, therefore,  to  determine  the  most  con- 
venient height  for  rapid  and  easy  working, 
for  he  had  so  often,  in  previous  work,  found 


Fio.  1 


his  arms  aching  because  of  the  uncomfortable 
position  whUe  seated  at  the  table,  and  an 
equally  severe  backache  and  tired  nerves 
from  standing.  While  unable  to  make  a 
table  adjustable  in  height,  he  felt  sure  that 
he  could  evolve  one  that  could  be  folded  up 
and  stowed  away  in  some  convenient  closet 
or  hallway. 
After  sketching   and  discarding  various 


Fig.  2 


ideas,  he  finally  decided  on  the  table  shown 
in  Figs.  1  and  2.  From  Fig.  1,  which  is  a 
side  view,  it  wUl  be  observed  that  the  table 
top  is  made  r^t  several  pieces.    These  pieces 


are  of  selected  pine,  36  inches  long,  and  3 
inches  wide,  free  from  sap  streaks  or  wavy 
grain,  and  thoroughly  kiln-dried.  They 
were  planed  and  glued  together  at  the  planing 
mill,  and  left  to  stand  for  at  least  half  a  day 
before  being  planed  to  the  proper  thickness. 
The  stock  used  for  the  frame  was  of  hard 
wood,  planed  square  and  smooth.  The 
battens  at  c  were  1^  in.  X  ^i  in.,  and  were 
screwed  firmly  to  the  top.  The  legs  A  and 
B  of  the  table,  made  of  stock  |  in.  X  li  in., 
were  likewise  dressed  at  the  mill.  The  feet 
of  the  l^gs  were  cut  at  the  proper  angle,  and 
the  top  of  B  was  rounded  off  as  shown,  the 
upper  end  of  A  being  cut  also  at  the  proper 
angle.  Where  they  cross,  they  were  pivoted 
with  }-inch  stove  bolts,  small  bolts  being 
used  at  «.  Both  the  head  of  the  bolt  and 
the  nut  should  be  countersunk  in  the  wood, 


FlQ.  3 

as  otherwise  the  table  will  not  fold  up.  In 
order  to  lock  the  end  e  of  the  leg  A 
into  the  table  top,  so  that  the  chance  of  it 
tilting  upward  will  be  avoided,  the  detail  as 
shown  at  (a)  was  schemed  out.  A  piece  of 
heavy  sheet  metal  was  cut  out  as  shown 
and  screwed  over  a  slotted  hole  with  an  en- 
larged end  cut  in  the  under  side  of  the  table 
top.  A  heavy  round-headed  screw  was  then 
placed  in  the  top  of  the  leg  A  and  screwed 
down  until  the  distance  between  the  end 
wood  and  the  under  side  of  the  head  was 
little  more  than  the  thickness  of  the  sheet 
iron.  The  slot  in  the  sheet  iron  was  of  the 
same  width  as  the  diameter  of  the  screw. 
In  placing  the  table  from  a  folded  position 
to  an  upright  one,  the  screw  head  is  inserted 
in  the  opening  h  and  slid  along  the  slot  until 
it  reaches  a  bearing  c. 
In  order  to  prevent  the  top  of  this  leg 
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from  getting  oat  of  position  while  the  drafts- 
man is  at  work,  a  couple  of  capboard 
latches  were  placed  at  e,  and  after  the  legs 
A  have  been  slid  into  position  these  latches 
enter  back  of  the  legs  and  hold  them  in 
place.  The  cap- 
board  latches 
were  attached  to 
each  other  by  a 
taut  wire,  which, 
when  pulled, 
would  release 
them  and  allow 
the  table  to  be 
folded. 

Braces,  as  at 
<2,  d,  are  necessary 
in  order  to  stiffen 
the  table  longi- 
tudinally. These 
braces  were  first 
put  directly 
across,  but  it  was  found  that  they  allowed 
too  much  vibration  in  the  table,  and  new 
ones  were  placed  diagonally,  as  shown  at 
<2,  d.  Figs.  1  and  2.  In  order  to  release  the 
pressure  on  the  springs  of  the  cupboard 
latches  when  the  board  is  folded  up,  it  is 
well  to  cut  two  small  holes  in  the  sides  of 
the  legs  that  lie  against  the  latched  ends 
when  the  table  is  closed.  This  allows  the 
latched  bolt  to  spring  into  place. 

When  the  table  is  complete,  it  cannot 
collapse,  and  it  will  be  found  very  firm, 
considering  the  light  construction,  and  will 
easily  bear  the  weight  of  a  man. 

The  writer  said  in  the  forepart  of  the 
article  that  the  table  could  not  be  adjusted 
in  height  It  can,  to  a  certain  extent,  by 
putting  a  number  of  slotted  holes,  as  at  (a). 
Fig.  1,  under  the  batten  c.  This  will  draw 
the  l^gs  together  at  the  top  and  bottom  and, 
of  course,  raise  the  height  of  the  board. 
The  feet,  however,  will  not  rest  upon  the 
floor  in  the  different  positions  unless  they 
are  rounded,  and  it  does  not  seem  advisable  to 
do  this,  as  it  lessens  the  strength  of  the  legs. 
The  table  erected  ready  for  work  is  shown 
in  Fig.  3.  It  haa  a  neat  appearance,  as  can 
be  seen,  and  really  becomes  an  article  of 
furniture  when  the  hard  wood  is  filled  and 
well  finished  with  shellac  or  oil.  Closed, 
it  has  the  appearance  shown  in  Fig.  4, 
and  occupies,  in  this  position,  a  width  of 
Z\  inches,  outside  measurement.  The  cost 
will  vary  according  to  circumstances,  but 
$2.00  is  a  safe  limit.  This  price,  of  course, 
does  not  include  the  labor,  which  the  drafts- 
man is  supposed  to  perform  himself.    It  is 


not  inconsiderable,  but,  at  the  same  time, 
the  results  Ure  highly  gratifying  in  con- 
venience, efficiency,  and  appearance. 

PUTTING  A   LINBR  IN  A  PUMP  CVLINDBR 


W.  jr.,  Nov  Cumberland,  W.  Va. 

Having  occasion,  the  other  day,  to  put  a 
liner  in  a  pump,  and  having  no  screw  press, 
I  hit  upon  the  following  scheme,  which  may 
be  worth  noting  for  the  use  of  some  of  your 
readers.  I  turned  a  pin  to  a  loose  fit  in  the 
liner,  giving  it  a  head  to  bear  on  the  end  of 
the  liner.  I  then  put  a  screw  jack  in 
position  on  the  head  of  the  pin  and  passed  a 
chain  around  the  jack  and  cylinder,  secoring 
it  to  the  latter.  The  liner  was  then  greased 
and  the  jack  screwed  out,  the  result  being 
that  the  liner  entered  the  cyUnder  steadily 
and  easily,  the  apparatus  constituting,  in 
effect,  a  rough  screw  press. 

TBLBPHONB  CALL  INDICATOR 
J.  J.  Rdnhold,  MartKtta,  Pa. 

In  thb  accompanying  figure  is  shown  an 
extremely  simple  device  that  is  very  useful 
in  connection  with  telephone  bells.  The 
call  indicator,  the  shape  of  which  is  shown 
in  the  figure,  can  readily  be  cut  firom  heavy 
paper  in  a  few  minutes.  It  is  slipped  over 
the  bell  hammer  and  normaUy  hangs  on  the 
hammer  rod,  as  shown  at  (a).  When  the 
bell  rings,  the  vibration  of  the  hammer  im- 
mediately causes  the  indicator  to  fall  into 
the  position  shown  at  (6).  It  is  so  simple 
that  further  explanation  seems  unnecessary. 


(bj 

.-O 


By  placing  one  of  these  indicators  on  each 
bell,  parties  having  two  telephones  can 
readily  tell  from  the  positions  of  the  indi- 
cators, with6ut  seeing  the  bells  or  knowing 
them  by  their  tones,  which  bell  has  been 
rung.  Furthermore,  if  a  call  came  in  while 
the  subscriber  was  out  of  hearing  of  his  tele- 
phone, on  his  return  the  position  of  the 
indicator  would  inform  him  of  that  fact. 
On  toll-line  switchboards,  where  bells  are 
used  in  place  of  annunciators,  such  an  indi- 
cator would  be  very  useful. 


Digitized  by 


Google 


EDITORIAL  COMMENT 


MASTBRY  OP  If  BIfORIZINQ 


Ws  CALL  attention  to  an  advertisement 
elaewhere  of  *'Mactery  of  Memorizing/' 
pnbliphed  by  Jas.  P.  Downs,  P.  O.  Box  1202, 
New  York,  N.  Y.  Any  system  that  will 
really  aid  the  memory  is  to  be  heartUy  com- 
mended; but  it  should  be  borne  in  mind 
that  the  mere  reading  of  such  a  book  will 
not  assist  one— this  system  (or  any  other) 
must  be  thoroughly  studied  and  practiced 
before  improvement  can  begin.  Send  to  the 
above  address  for  a  copy  of  the  memory  book- 
let, which  is  mailed  free  to  all  applicants. 


HAND  PORMINO  TOOL 


Thx  Wallace  Supply  Company,  56  Fifth 
Avenue,  Chicago,  111.,  makes  a  clever  device 
for  the  use  of  blacksmith  shops  and  machine 
shops  that  is  especially  adapted  to  the  form- 

ing'ofeyeboltB, 
hooks,  loops, 
and  rings  by 
hand  power. 
The  device, 
which  isshown 
in  the  accom- 
panying illus- 
tration, is  made 
in  two  sizes, 
of  which  the 
smaller  takes 
stock  up  to],^  inch  in  diameter,  and  the 
larger  from}  to}  inch  in  diameter.  Loopsor 
rings  can  be  made  from  the  smallest  size  up 
to  3  inches,  outside  diameter,  with  great  ease; 
it  is  claimed  that  one  man  can  form  1,200 
pieces  per  day  from  ^inch  stock.  The  light 
weight  of  this  device,  its  low  price,  and  its 
adaptability  to  numerous  forms  and  sizes  of 
stock,  make  it  a  tool  within  the  reach  of  the 
smallest  shop;  its  usefulness  will  be  equally 
apparent  in  the  large  shop.  For  any  further 
information,  address  the  makers. 


TABLB  OP  PLATB  AND  RIVBT  VALUBS 

Mr..Thomab  H.  CaAFT,  16  Kelton  Street, 
Cleveland,  Ohio,  has  favored  us  with  a  copy 
of  his  table  of  plate  and  rivet  values,  which 
is  very  useful  for  boiler  designers,  boiler- 
makers,  boiler  inspectors,  and  engineers. 
The  table  gives  the  strength  of  the  net 
section  of  the  plate  between  two  rivet  holes 
for  all  commercial  sizes  of  plate  from  i  inch 
to  1|  inches  in  thickness;  for  all  widths 
from  1  inch  to  4}  inches,  varying  by  thirty- 


seconds  of  an  inch;  and  for  tensile  strengths 
of  45,000,  50,000,  55,000,  and  60,000  pounds 
per  square  inch.  It  also  gives  the  values  of 
rivets  in  single  shear  and  double  shear  for 
all  commercial  rivet  diameters  from  ^  inch 
to  1^^  inches,  based  on  shearing  values  of 
38,000,  40,000,  42,000,  and  44,000  pounds 
per  square  inch. 

This  table  should  prove  a  great  time  saver 
in  making  calculations  for  the  efficiency  of 
riveted  joints,  since  it  reduces  the  calcula- 
tions necessary  to  the  lowest  limit  possible. 
The  table  is  cloth-bound,  and  of  such  shape 
as  to  be  carried  in  the  pocket.  Mr.  Craft  is 
prepared  to  supply  them  at  the  price  of  11.00. 

BOOK  NOTICB8 

Practical  Electricity.  Published  by  the 
Cleveland  Armature  Works,  Cleveland,  Ohio. 
Second  edition,  flexible  cloth,  286  pages,  83 
illustrations.    Price  12.00. 

The  first  edition  of  this  work  was  published 
last  year,  and  was  noticed  in  our  January, 
1900,  issue.  We  are  glad  to  note  that  a 
second  edition  has  been  required  in  such  a 
short  time.  Its  rapid  sale  indicates  its 
popularity.  The  publishers  advertise  that  if 
the  book  does  not  prove  satisfactory  and  is 
returned  in  good  condition,  they  will  refrmd 
the  price  paid— a  somewhat  remarkable 
statement  in  an  advertisement  of  a  book. 

Stssl-Platb  CniMNBYs:  Drawines,  Tables, 
and  Specifications.  The  Standard  Engineer- 
ing Company,  Pittsburg,  Pa.    Price  11.00. 

This  work  consists  of  a  drawing  of  a  steel- 
plate  chimney,  including  complete  details  of 
masonry  foundation,  foundation  bolts  and 
washers,  base  plate,  top  plate,  etc.,  with  all 
connections.  The  drawing  is  accompanied 
by  tables  of  dimensions  by  means  of  which 
it  can  be  made  to  serve  for  the  construction 
of  45  different  sizes  of  chimneys,  ranging 
from  a  flue  diameter  of  30  inches  and  a 
height  of  70  feet  up  to  a  flue  diameter  of 
11  feet  and  a  height  of  300  feet.  The  tables 
also  contain  such  useful  information  regard- 
ing the  difl^rent  sizes  as  the  weights  of  the 
different  portions,  the  horsepower  of  boilers 
for  which  they  are  adapted,  etc.  Accom- 
panying the  drawing  and  tables  is  a 
specification  form,  which,  when  filled  in  to 
correspond  with  the  values  given  in  the 
drawing  and  tables,  will  make  a  basis  for  a 
contract  for  the  complete  chimney,  including 
foundations.  The  design  seems  to  be  based 
on  correct  principles,  and  the  details  are 
all  careftiUy  worked  out 
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NoTX.— ilddreM  oU  UiUrt  conlai'n^  quetUont  to  be 
aiuwered  in  thU  departmeni  to  Scixncb  and  Iitdustby, 
SeranUm,  Pa. 

1.  Put  thia  address  both  on  the  envelope  and  at  the 
head  qf  the  letter. 

t.  OrUy  questions  qf  general  interest  to  our  readers 
tffUl  be  answered. 

5.  No  questions  vM  be  answered  by  mail. 

U,  Drawings  or  sketches  accompanying  questions  shotUd 
be  made  on  a  separate  sheet  qf  paper^  and  should  be 
drawn  as  dearly  as  possible. 

6.  The  names  and  addresses  qf  the  writers  must 
accompany  the  letters,  or  no  attention  wHl  be  paid  to 
them.  Unless  otherwise  requested,  we  wiU  pubUsh  only 
the  initials  ar^d  address  of  the  writer. 

6.  S^erence  to  inquiries  previously  ansufered  should 
give  dale  qf  issue  and  number  qf  question. 

7.  Questions  cannot  be  answered  in  the  issue  qf  the 
month  immediately  foUoioing  their  receipt. 

8.  Any  book  not  out  qf  print  and  for  sale  by  regular 
dealers  may  be  ordered  through  the  magazine. 

9.  We  will  not  undertake  to  calculate  windings  of 
dynamos  and  motors,  as  this  involves  considerable  work 
and  is  seldom  justified. 


(317)  How  is  a  piece  of  iron  rooflng  cat  to  fit 
around  a  32"  smokeitack  on  a  roof  with  one-third 
pitch  ?  Please  give  an  answer  that  may  be  applied  to 
work  on  any  pitch.  G.  W.  L.,  Schnltz,  Ariz. 

Ans.— See  answer  to  question  No.  355  (&),  Answers 
to  Inquiries,  in  the  December,  1899,  issue. 

(318)  Some  weeks  ago  I  received  a  communication 
that  was  apparently  written  in  ordinary  writing  ink. 
A  few  days  ago  I  had  occasion  to  refer  to  this  letter 
and  was  surprised  to  find  that  the  writing  bad  en- 
tirely disappeared.  Can  you  tell  me  how  and  from 
what  such  an  ink  is  made,  or  of  a  chemical  that  will 
act  in  this  way  ?  C.  R.  J.,  Port  Chester,  N.  Y. 

Ans.— Two  preparations  of  vanishing  inks  are 
known  to  us.  The  first  one,  originated  in  Paris  and 
sold  under  the  name  of  "  Encre  pour  les  dames," 
is  an  aqueous  solution  of  iodide  of  starch:  it  writes 
blue,  and  disappears  entirely  in  Arom  3  to  4  weeks.  A 
black  ink  that  will  disappear  after  a  short  time  is 
prepared  by  boiling  nutgalls  in  alcohol,  adding 
copper  sulphate  and  sal  ammoniac,  and  when  cold 
a  little  gum  is  dissolved  in  it.  Writing  done  with 
this  preparation  will  vanish  in  about  24  hours. 

••• 

r349)  If  a  ground  detector  is  connected  to  the 
primary  circuit  of  an  alternating- current  dynamo, 
will  it  detect  a  ground  on  the  secondary  side?  Pleaf  e 
explain.  H.  M.,  Westbrook,  Me. 

Ans.— If  all  the  transformers  are  in  good  order,  the 
various  secondary  circuits  will  be  entirely  separate 
fh>m  the  primary,  and  under  such  cireumstances  a 
ground  in  the  secondary  will  not  be  indicated  by  a 
ground  detector  attached  to  the  primary.  If,  how- 
ever, there  should  be  a  leak  or  poor  insulation 
between  the  primary  and  secondary  coils  of  any  of 
the  transformers  on  the  line,  a  ground  on  the  sec- 
ondary would  be  indicated  by  a  detector  attached  to 
the  primary,  because  the  ground  would  then  be 
practically  connected  to  the  primary. 

»  ♦ 

(350)    In  a  work  on  electricity  that  I  have  been 

reading  lately,  dynamos  are  classed  as  (1)  unipolar, 

(2)  bipolar,  and  (3)  multipolar.    I  understand  the 

last  two  classes,  but  will  you  please  inform  me 


whether  a  dvnamo  can  be  run  with  one  pole,  or, 
in  other  words,  what  is  a  unipolar  dynamo? 

H.  D..  Lowell,  Mass. 
Ans.— The  term  unipolar  dynamo  is,  in  a  sense,  a 
misnomer.  These  machines  have  In  reality  two  poles, 
but  the  poles  are  so  arranged  that  the  armature 
conductors  alwayi  cut  the  lines  of  force  in  one  direc- 
tion; hence,  no  commutator  is  necessary  in  order  to 
produce  a  continuous  current.  For  example,  the 
accompanying  figure  shows  one  arrangement  of  a  so- 
called  unipolar  dynamo.  The  outer  pole  5  is  angular 
in  shape,  and  surrounds  the  inner  pole  N.  If  a  con- 
ductor a  is  revolved  in  this  space,  it  will  always  cut 
lines  in  the  same  direction,  whereas  in  an  ordinary 
dynamo,  the  direction  of  cutting  reverses  as  the 
conductor  moves  under  alternate  poles.  If  the  ends 
of  a  are  connected  through  sliding  contacts,  a  con- 
tinuous current  will  result.    Other  conductors  a'  and 


n  might  be  connected  in  parallel  with  a,  or,  if  a 
pair  of  sliding  contacts  were  used  for  each,  they 
could  all  be  connected  in  series.  Unipolar  dynamos 
cannot  be  made  to  give  a  high  electromotive  force 
without  using  several  of  these  sliding  contacts; 
hence  they  have  never  been  used  to  any  extent 

♦*♦ 

(351)  (a)  What  factor  of  safety  is  usually  allowed 
in  large  structural-steel  buildings?  lb)  Is  not  the 
strength  and  stiffiaeas  of  such  builolngs  entirely 
dependent  on  the  steel  framework?  m  After  a 
building  is  completed,  is  any  provision  made  for  the 
regular  inspection  of  the  framework,  to  see  whether 
there  is  any  deterioration?  (d)  What  is  the  esti- 
mated life  of  a  steel-ltame  building,  and  ia  there  any 
probabilitv,  after  300  or  4(X)  years,  or  even  longer, 
that  a  building  of  this  kind  may  suddenly  collapse, 
due  to  the  weakening  of  the  steel  frame  caused  by 
oxidation  ?  S.  D.  C,  Washington,  D.  C. 

Ans.— (a)  In  mill  buildings,  etc.  a  factor  of  safety 
of  3  is  usually  allowed.  In  tall  office  boUdiDgs, 
the  factor  of  safety  may  be  from  4  to  6.  Usually, 
however,  it  is  about  4.  These  low  factors  are  used 
because  steel,  as  now  manufactured,  is  an  extremely 
reliable  material.  (5)  Such  buildings  are  not  en- 
tirely dependent  on  the  steel  fhime  for  stiflhess  and 
resistance  against  wind  pressure.  The  stone  and 
terra-cotta  walls,  and  the  transverse  partitions  of 
expanded  metal  and  plaster,  or  of  fireproof  tile,  all 
tend  greatly  to  reenforce  the  structure.  The  floors, 
of   course,  are   entirely  dependent   on    the  steel 
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oolanuis  for  support.  In  buildings  of  steel  constrao- 
tion  up  to  12  stories  in  height,  prorision  is  seldom 
DiAde  for  wind  bracing,  but  for  buildings  of  greater 
height  than  this,  diagonal  rods  or  heavy  knee  braces 
are  usually  provided,  (e)  There  is  no  chanee  for 
regular  inspection  of  the  framework  after  a  building 
of  the  modem  office  type  has  been  erected,  for  all 
the  floorbeams  and  columns  are  usually  incased 
with  flreprooilng  material  that  cannot  be  removed 
without  destroying  it  The  exterior  columns  are 
likewise  Incased  in  the  walls,  no  provision  being 
made  for  inspection,  (d)  There  is  little  data  from 
which  the  probable  life  of  the  steel  frame  as 
employed  In  buildings  of  the  office  type  can  be  even 
approximated,  but  it  has  been  determined  from 
buildings  of  this  character  erected  20  years,  that  the 
corrosion  of  the  steel  is  extremely  slight.  It  would 
not  be  a  rash  statement  to  say  that  the  life  of  such 
buildings,  so  fkr  as  the  steel  framework  is  con- 
cerned, would  extend  considerably  over  the  period 
of  100  years.  It  has  been  found,  and  especially  is  it 
true  in  this  country,  that  any  building  other  than 
an  ecclesiastical  edifice  outlives  its  usefrilness  in  a 
century,  and  it  is  hardly  protMible  that  even  the 
magnificent  modem  office  buadings  will  ftilfil  the 
requirements  of  the  locality  in  which  they  are 
placed  100  years  from  now.  That  they  will  be 
required  800  or  400  years  is  highly  Improbable. 

.*. 

(352)  Tell  me  what  to  use  in  order  to  stain  white 
msple  to  a  mahogany  color. 

H.  C.  L.,  Stanwick,  N.  J. 
Ays.— An  almost  perfect  imitation  of  mahogsny 
can  be  obtained  by  staining  white  maple.  In  order 
to  obtain  the  stain,  mix  rose  pink  and  burnt  umber  in 
oil.  As  maple  is  a  close-grained  wood,  it  is  unneces- 
sary to  use  any  filler.  After  the  stain  has  had  time  to 
dry,  it  can  be  finished  with  varnish  in  the  usual  way. 

♦*♦ 

(353)  (a)  What  other  metal  besides  zinc  may  t)e 
used  in  a  sal-ammoniac  battery?  (b)  What  is  a  good 
flux  to  clear  melted  brass  and  make  it  run  solid? 

W.  B.  M..  Baltimore.  Md. 
Alls.— (a)  There  is  no  metal  other  than  zinc  that 
you  can  use  to  advantage  in  a  sal-ammoniac  battery, 
(ft)  The  addition  of  a  small  quantity  of  arsenic  is 
said  to  Improve  brass  castings;  skill  in  molding  is, 
however,  the  essential  thing  in  order  to  secure  good 
brass  castings.  Proper  venting  of  the  molds  and 
pouring  at  the  right  temperature  are  the  main 
points  to  be  observed. 

•*. 

(3M)    Please  Inform  me  whether  there  is  a  book 
that  treats  on  dissolving  or  removing  boiler  scale. 
B.  L.  H.,  Lowell,  Mass. 

Ans.— *'A  Treatise  on  Steam-Boller  lacrustation 
and  Methods  for  Preventing  Ck>rroBion  and  the 
Formation  of  Scale,"  by  Charles  Thomas  Davis, 
price  91.50,  is  the  only  book  ou  this  subject  with 
which  we  are  acquainted.  It  can  be  obtained  firom 
The  Technical  Supply  Co.,  Scranton,  I'a. 


(S55)  Having  had  occasion  to  boll  the  wheels  of  a 
carriage  in  linseed  oil,  for  the  purpose  of  protecting 
the  wood  as  well  as  to  tighten  tne  tires,  I  found  that 
by  drying  them  thoroughly  in  the  sun  before  boiling, 
they  took  the  oil  without  swelling,  and  in  conse- 
quence the  tires  are  not  tight.  By  soaking  them 
tnoroughlv  in  water,  however,  before  boiling  in  the 
oil,  the  ou  seems  to  take  the  place  of  the  water, 
leaving  the  wood  swollen  and  tne  tire  tight  on  the 
wheel,  most  oil  being  absorbed  by  the  last  method. 
Please  give  me  the  reason  for  the  dliference  in  the 
results  of  the  two  methods. 

H.  S.  M.,  Haddam,  Kan. 

Ans.— It  is  difficult  to  explain.  Soaking  wood  In 
water  u£[ually  has  a  beneficial  efi'ect,  as  it  tends  to 


wash  out  the  sap,  which  is  the  fermenting  property 
in  the  wood,  and  causes  decay.  Why  it  is  that  the 
latter  method  produces  the  effect  which  you  speak  of 
we  do  not  positively  know.  However,  it  seems  that 
by  soaking  the  wood  in  the  water  it  swells  the  cells, 
and  when  the  wood  is  placed  in  the  oil  the  capillary 
attraction  of  the  wet  wood  is  greater  than  if  it  were 
dry.  This  can  be  illustrated  by  a  piece  of  blotting 
paper,  which  will  absorb  ink  with  greater  rapidity 
when  it  is  wet  than  when  it  is  dry,  and  such  we 
think  might  be  the  case  with  the  wood  you  speak  of. 

♦*♦ 
(856)    Kindly  show  how  to  calculate  the  area  of 
the  circle  in  the  accompanying  sketch.  In  Which 
-AC7=  60rd.,BjD  =  70 
rd.,OX=40rd.,ilJrj8 
=  right  angle. 

C.  F.  D.. 
PhllUpsburg,  Mont 
Amb.— From  the  right 
triangle  A  YO,  we 
have 

ZT"-f  oT*  = 

0"^'  =  13.       (1) 
From  the  right  tri- 
angle BZOtWe  have 
Wz*  -^OZ*  = 
OB^  =  IP.     (2) 
Adding  (1)  and  (2),  we  get 
jTY' 


Also,  or'  f  oz'  =  or'  +  rJ^  =  ox^. 


Therefore,  AY^  +  BZ'  +  OX*  =  2  ie»,  or  (i  AtC)* 
+  (i  5  D)*  +  0~X*  =  2  IP;  whence,  R  =  48.156  rd. 
The  area  of  the  circle  is  equal  to  3.1416  £>  =» 
5.F51.2  sq.  rd. 

♦** 

(857)  In  the  accompanying  sketch,  the  line  A  B 
is  drawn  through  the  point  Aa,  as  shown.  Is  the  area 
1661,  equal  to  the  area  5f  55?  In  other  words,  does 
the  line  A  B  bisect  the  quadrantal  area  1SSJ!,1 

C.  K.  H. 

Ans.- The  line  AB  does  not  exactly  bisect  the 
area  ISSi,;  for,  it  can  be  shown  that  the  area  166U 
exceeds  the  area  sssehj  twice  the  sum  of  the  areas 
of  the  two  curvilinear  triangles  DCS  and  EF6.  To 
prove  this,  we  have, 
evidently,  16Ai7  + 
6  CAi  =»  6  28Ai  — 
6CAj.    Also,  7Ai6i, 

—  Ai  6  E  =  Ai  8S6 
+Ai6E.  Adding 
these  two  equations, 
we  have  15 A\7  -f 
lAx6Ur5CAi~Ai6E 
=  5g8Ai-rAx8S6 

—  6  C  Ai  +  Ai  6  E. 
Therefore,  1561,  + 
5CAx-Ai6E=^52S6 

—  6  C  Ax  -r  Ax6  E, 
Whence,  by  transpo- 
sing, we  get  1561,— 

5236  =  2{Ax6E)-2{5CAi).  Bnt,Ai6 E=Ax  FE  +E F6, 
and 6 CAi  =  AiDC-  DCs.  Also,  Ai FE  =  AxD  C. 
Hence,  2{Ax6E)  -  2(5  CAi)  -  2{EF6)  +  2{DCS). 
Therefore,  i 564  -  52 $6  -  2{EF6)  ^2(DC5).  That 
is,  the  area  1S6U  exceeds  the  area  s 2 36  by  twice  the 
sum  of  the  curvilinear  areas  D  C5  and  EF6. 
* 
»  « 

(358)  A  planer  cylinder  with  four  knives  makes 
4,000  revolutions  per  minute,  while  the  board  that  ip 
being  planed  is  fed  under  the  cylinder  at  a  rate  of 
52  ft.  per  minute.  What  will  be  the  distance  t>etween 
two  »-accesslve  marks  of  the  planer  knives  on  the 
board?  W.  B.  S.,  HermansviUe,  Mich. 

AM8.— Since  the  cylinder  has  four  knives  and  makes 
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4,000  revolutions  per  minute,  there  will  be  4  X  4,000 
»  16,000  cuts,  or  knife  marks,  made  on  the  board 
while  it  is  moving  52  ft.,  or  52  X 12  »»  624  in.  The 
distance  between  two  successive  marks  will  there- 
fore be  624 -«- 16,000  =  .089  in.  This  is  very  nearly 
ill  In. 

♦*» 
(869)  Fig.  1  shows  the  projection  of  the  stsirway 
in  a  room.  It  would  be  interesting  to  know  how  to 
miter  the  mold 
around  the  stairway, 
or  the  best  way  to 
stop  the  mold. 

W.  W.  Y.. 
Washington,  D.  C. 
Ams.  —  This  is  an 
awkward  condition, 
and  often  occurs. 
The  difficulty  exists 
not  only  in  miterihg 
the  molding,  but  also 
in  the  fact  that  the 
frieze  upon  the 
oblique  surface  or 
soffit  of  the  stairs 
will  be  much  wider  than  that  on  the  vertical  wall, 
and,  where  a  figured  firieze  on  wall  paper  is  used, 
it  cannot  be  made  to  look  well.  Where  such  a 
condition  exists,  it  would  be  advisable  to  use  a  plain 
ftiese  colored  or  papered  to  match  the  celling.  If 
you  carry  the  mold  across  the  oblique  surface,  it 
would  necessarily  be  a 
special  molding  devel- 
oped to  suit  the  miter, 
and,  in  any  case,  it 
would  b  e  awkward 
looking,  and  far  ftom 
artistic.  We  would 
prefer  to  provide  a  ver- 
tical surface  extend- 
ing below  the  line  of 
molding,  and  then 
cove  to  meet  the  wall, 
as  fihown  in  Fig.  2. 
The  molding  could 

then  be  carried  around  the  vertical  surface.  An- 
other way  would  be  to  provide  a  fiat  soffit  under 
the  molding  of  sufficient  width  to  place  the  mold- 
ing in  its  normal  position,  and  then  carry  the 
molding  around  the  returns,  as  would  be  done 
with  a  vertical 
surface.  This  is 
shown  in  Fig.  3. 


(360)  I  have  pat- 
en ted  a  valve  gear 
to  be  used  on  Cor- 
liss engines.  This 
gear  opens  and 
closes  the  valves, 
both  steam  and  ex- 
haust, instantly, 
(a)  Wbat  would  be 
the  difference  be- 
tween a  theoretical 
diagram  from  an  engine  with  this  gear  and  one  with 
the  regular  Corliss  gear  (l)  in  height  and  length, 
and  (2)  in  distance  between  the  clearance  and 
admission  lines  and  t>etween  the  exhaust  and  atmos- 
pheric lines?  {b)  Would  an  engine  with  such  a 
valve  gear  have  any  more  power  than  one  of  the 
same  size  with  the  regular  Corliss  gear:  if  so,  about 
what  per  cent.?  C.  A.  C,  Madison,  Wis. 

AN8.>-(a)  (1)  The  height  of  an  Indicator  diagram 
depends  on  the  steam  pressure  in  the  steam  chest, 
the  size  and  amount  of  opening  of  the  steam  port, 
the  speed  of  the  piston,  and  the  scale  of  the  indicator 
spring.  A  valve  gear  that  opens  the  valve  wide  Just 
at  the  beginning  of  the  stroke  will  permit  the  cylin 


der  to  be  filled  promptly  with  steam  at  nearly  the 
Itill  preanire  in  the  steam  chest,  and  will  thus  pro- 
duce a  diagram  whose  height  depends  principally 
on  the  steam  pressure  and  the  scale  of  the  spring. 
The  Corliss  gear  gives  a  very  quick  valve  opeoing, 
and  it  is  doubtful  whether  any  other  gear  will  pro- 
duoe  results  that  will  show  any  appreciable  differ- 
ence in  this  respect.  The  length  of  the  diagram 
depends  entirely  on  the  reducing  motion,  and  is 
independent  of  the  type  of  valve  gear.  (2)  There 
would  be  no  difference  in  the  two  diagrams  in  the 
distance  between  clearance  and  admission  lines: 
this  distance  is  governed  solely  by  the  volume  of  the 
clearance  space,  and  not  by  the  style  of  valve  gear 
or  the  speed  with  which  the  valves  open.  There 
would  probably  be  a  somewhat  more  prompt  release 
with  your  gear:  this  would  permit  the  steam  to  leave 
the  cylinder  a  very  little  earlier  than  in  the  ordi- 
nary gear,  and  would  cause  the  back-pressure  line 
to  become  parallel  with  the  atmospheric  line  a  little 
earlier  in  the  stroke.  With  the  same  size  of  ports, 
however,  there  would  be  practically  no  diflferenoe 
in  the  distance  between  back  pressure  and  atmos- 
pheric lines  after  they  became  parallel,  (b)  There 
would  be  practically  no  difference  in  the  power  that 
would  be  obtained  with  the  two  types  of  gear. 


(861)    The  reservoir  shown  at  (a)  in  the  acoom- 
panylng  sketch  leaks  on  one  side.  The  owners  dodre 
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to  repair  the  reservoir  and  at  the  same  time  keep 
one  side  full  of  water.  They  propose  that  an  18^^ 
wall  be  built,  as  shown  at  (a),  but  I  think  a  straight 
wall  of  heavier  construction,  as  at  fb),  would  be 
better.  What  is  your  opinion  regarding  the  boit 
manner  to  proceed  in  order  to  repair  the  work, 
keeping  one-half  of  the  reservoir  in  commission  ? 
J.  M.,  BellevUle,  £11. 
AicB.— The  reservoir  is  of  such  small  size  that  we 
fail  to  see  the  necessity  of  building  the  wall.  In 
order  to  construct  the  wall,  the  reservoir  would  have 
to  be  emptied,  and  the  time  required  to  construct 
the  wall  and  the  time  necessary  for  it  to  set  would 
seem  to  be  ample  in  which  to  make  thorough  repairs 
to  the  small  portion  included  in  one-half  of  the  reser- 
voir. We  would,  however,  suggest  that,  instead  of 
the  masonry  wall,  you  use  one  of  timber,  which 
could  be  constructed  on  the  ground  and  put  in  place 
in  a  couple  of  hours.  The  reservoir  would  thus  be 
out  of  commission  a  very  much  less  time  than  would 
be  required  to  construct  either  of  the  walls.  The 
timber  side  or  apron  could  be  covered  with  tarpaulin 
to  make  it  water-tight,  and  it  could  be  braced  by 
shoring  ftom  the  walls  of  the  reservoir.  The  Joints 
between  it  and  the  walls  could  be  calked  with 
oakum  and  tarred  or  made  tight  with  oeAient  or 
white  lead.    The  cost  of  such  construction  would 
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probably  be  no  more  than  for  the  erection  of  the 
wall,  and  the  timber  dam  could  be  kept  and  uaed 
should  the  other  side  of  the  reeerroir  giye  out. 
» 
*  « 
(862)    What  is  the  best  method  to  use  in  making 
the  water-tight  pit  shown  in  the  enclosed  sketch, 
using  concrete  for  the  walls  and  floor? 

X.  Y.  Z..  Boston,  Mass. 
Alls.— We  think  that  the  method  of  construction 
that  you  employed  is  as  good  as  any.   The  only 
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improyement  that  we  can  suggest  would  be  in  the 
interior  crating,  which  we  think  would  be  better  if 
the  ordinary  cement  coating  were  protected  by 
mixing  pure  Pozsuolana  cement  and  water  to  the 
consistency  of  cream  and  applying  with  a  whitewash 
brush.  This  forms  a  waterproof  coating  that  is  much 
recommended  for  cisterns  and  reservoirs. 

.% 

(368)  I  have  an  induction  coil  wound  with  silk- 
covered  wire  with  paper  between  each  layer.  The 
wire  was  varnished  with  shellac  as  it  was  wound. 
The  ooil  was  wound  too  tight,  and  a  number  of  the 
turns  have  slipped  down  between  the  coil  and  the 
end-pieces  so  that  the  coil  will  have  to  be  rewound. 
The  wire  on  the  coil  is  quite  valuable,  and  I  would 
like  to  get  it  off  without  destroying  the  insulation. 
How  can  I  soften  up  the  shellac  so  as  to  do  this? 
W.  J.  L.,  Neepawa,  Manitoba. 

▲ifs.— The  only  way  we  know  of  to  accomplish 
this  is  to  soak  the  coil  in  alcohol  until  the  shellac  on 
the  outer  layers  has  become  thoroughly  softened. 
Then  unwind  these  layers  and  allow  the  coil  to  soak 
further,  so  that  the  next  layers  will  be  softened,  and 
BO  on  until  all  the  wire  is  removed.  A  few  layers 
will  likely  have  to  be  removed  at  a  time,  as  it  would 
be  almost  Impossible  to  get  the  shellac  softened  all 
through  the  coil. 

»  * 

(364)  I  have  two  6-watt  generators  that  will  not 
generate.  I  have  tried  them  both  as  series  and 
Hhunt  dvnamos,  and  have  also  excited  their  fields 
separately.  I  have  also  tried  to  make  one  machine, 
operating  as  a  shunt  dynamo,  excite  the  field  of  the 
other  machine,  but  could  get  no  current  from  the 
latter  armature.  I  run  them  at  about  2,500  R.  P.  M. 
They  have  wrought-iron  field  cores,  one  field  spool, 
and  eight  sections  in  the  commutator.  The  arma- 
tures are  not  laminated,  and  they  are  wound  for 


6  or  10  volts.  Both  machines  will  run  as  motors,  but 
they  win  not  start  themselves.  Is  not  this  sticking 
due  to  incorrect  setting  of  the  brushes?  Please 
advise  as  to  the  trouble.  H.  D.  T.,  Denver,  Colo. 
^  Anb.— The  principal  trouble  with  these  machines 
is  that  they  are  too  small  to  run  as  generators  and 
excite  their  own  fields.  Many  small  machines  will 
operate  all  right  as  motors,  but  will  not  run  as 
dynamos  on  account  of  their  inability  to  excite  their 
own  fields.  We  see  no  reason,  however,  why  they 
should  not  generate  if  they  are  separately  excited. 
It  may  be  that  they  did  generate  some  voltage,  but 
the  field  strength  and  speed  were  not  large  enough 
to  make  the  pre«ure  noticeable.  The  fact  that  the 
armature  sticks  does  not  necessarily  indicate  a 
wrong  location  of  the  brushes.  This  often  occurs  in 
small  motors  when  the  air  gap  is  very  short  and  the 
teeth  in  the  armature  coarse,  thus  making  it  neces- 
sary to  give  the  motor  a  start.  If  you  wish  to  run 
these  little  machines  as  generators,  about  the  best 
way  would  be  to  separately  excite  their  fields  from 
an  outside  source,  capable  of  supplying  current 
enough  to  magnetise  the  fields  in  good  shape. 


(365)  (a)  Please  give  and  explain  a  simple  for- 
mula for  calculating  the  power  supplied  to  three- 
phase  Induction  motom.  (b)  Please  give  a  sketch 
showing  how  a  recording  wattmeter  is  used  to 
measure  the  power  supplied.  The  wattmeter  that  I 
have  has  a  V  resistance;  what  is  this  resistance  used 
for?  (c)  Give  title  of  a  good  book  on  power  meas- 
urement. C.  J.  C,  Jamestown,  Cal. 

Anb.— (a)  The  best  method  of  measuring  power 
supplied  to  an  induction  motor  is  to  use  a  record- 
ing wattmeter.  However,  you  may  obtain  approxi- 
mately the  power  supplied  by  means  of  the  following 
formula:     W  =  1.732  xC-XEXf.    W  iB  the  power 
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supplied  in  watts;  C  is  current  in  each  line;  £,  pressure 
between  the  lines;  and  /,  power  factor  of  the  motor. 
This  takes  it  for  granted  that  the  phases  are  equally 
loaded,  i.e.,  that  the  current  in  each  of  the  three 
lines  is  the  same.  This  will  be  very  nearly  the  case 
with  any  good  three-phase  motor.  The  power  factor 
/  will  vary  somewhat  with  the  load,  but  may  be 
taken  as  .85  to  .87  if  the  motor  is  running  near  full 
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load,  or  about  .80  if  running  in  the  nelghborbood 
of  I  or  i  load.  For  example,  suppose  a  motor^s  run- 
ning at  fbll  load  and  takes  a  current  of  40  amperes 
at  a  pressure  of  500  volts;  the  number  of  watts  sup- 
plied to  it  will  be  W'-  1.732  X  40X500  X  .85  =  29,444; 
or,  slncA  1 H.  P.  =  746  watts,  the  horsepower  supplied 

OQ  AAA 

Will   be    ^^p  =  S9.5,  nearly.     This  is  the  power 

delivered  to  the  motor  from  the  line;  if  the  power 
actually  delivered  at  the  pulley  were  required,  the 
above  would  have  to  be  divided  by  the  efficiency  of 
the  motor,  which  would  probably  lie  between  .80  and 
.90,  depending  on  the  size  of  the  machine,  (b)  The 
accompanying  figure  chows  how  to  connect  up  a 
recording  wattmeter  with  a  V  resistance  so  as  to 
measure  power  on  a  balanced  three-phase  circnit. 
The  meters  are  usually  calibrated  so  that  the  meter 
reading,  multiplied  by  the  constant  of  the  meter,  if 
there  is  one,  gives  the  total  work  absorbed  by  the 
motor  during  the  given  time.  The  V  resistance  has 
to  be  used  in  order  to  obtain  an  artificial  neutral 
point  for  the  three-phase  voltages  similar  to  the 
common  connection  in  a  three-phase  V-connected 
armature  winding.  The  equivalent  connections  are 
sb6wn  in  the  small  diagram;  u  represents  the  resist- 
ance of  the  armature  circnit  of  the  wattmeter,  and 
r,  -^  r4  =  ri  a*  r$.  (c)  A  book  entitled  '*  Modem 
Polyphase  Apparatus  and  Systems,"  by  Maurice  A. 
Oudin,  has  some  material  in  it  on  the  measurement 
of  power  in  polyphase  cirouita  If  you  wish  a  book 
treating  on  both  mechanical  and  dectrlcal  power 
measurement,  we  can  recommend  **  Dynamometers 
and  the  Measurement  of  Power,"  by  Flather.  Either 
of  the  above  my  be  obtained  from  The  Technical 
Supply  Co.,  Scranton,  Pa. 

♦*» 

(866)  (a)  How  do  you  find  the  size  and  distance 
apart  of  staybolts  in  a  well-made  boiler?  {b)  What 
should  be  the  temperature  of  the  water  in  the  hot- 
well  when  there  is  a  vacuum  in  condenser  equal  to 
27i  in.  of  mercury?    W.  H.  H.  H..  Washington,  D.  C. 

Ans.— (a)  A  very  complete  outline  of  the  methods 
to  be  used  in  making  calculations  for  boiler  stays  is 
given  in 'an  article  entitled  "The  Bracing  of  Steam 
Boilers,"  in  the  April  number  of  this  magazine. 
<6)  With  a  surface  condenser,  the  temperature  would 
be  nearly  1084°;  ^^  ^  J®^  condenser,  the  tempera- 
ture would  be  somewhat  lower,  depending  on  the 
care  with  which  the  supply  of  condensing  water  is 
regulated  and  the  completeness  with  which  the  air 
pump  does  its  work. 

«  « 

(367)  ( a)  What  use  has  been  made  of  sawdust  and 
shavings?  (b)  Do  you  know  of  any  place  where 
sawdust  is  being  used  on  a  large  scale  for  other  pur- 
poses than  fhel?  (c)  Can  paper  be  made  fh>m  it? 
Id)  Please  give  the  title  of  some  book  relating  to 
the  above  subject.  X.  Y.  Z. 

Ans.— (a)  The  most  important  use  of  sawdust  and 
shavings  is  as  fhel  in  the  immediate  neighborhood 
of  their  produeUon.  Sawdust  is  used  also  in  the 
manufacture  of  pyroligneous  acid  by  the  dry-distil- 
lation process;  as  a  non-conductor  between  the 
outer  and  inner  walls  of  ice  houses;  as  a  means  of 
preventing  the  layers  of  stored  Ico  from  freezing 
into  one  mass;  and  in  many  other  similar  ways, 
(b)  An  important  use  of  shavings  is  in  the  manufac- 
tureof  vinegar  by  what  is  called  the  "quick  process." 
Large  tuns  of  oak,  usually  about  13  ft.  high,  15  ft. 
wide  below  and  14  ft.  above,  are  provided  with  per- 
forated bottoms  and  filled  with  shavings.  The  alco- 
holic solution  to  bo  oxidized  percolating  through 
these  shavings  is  rapidly  changed  into  vinegar. 
<c)  Sawdust  cannot  be  used  advantageously  in  paper 
making.  Wood  fiber  for  paper  pulp  is  obtained  by 
means  of  ordinary'  grindstonesj  under  water.    The 


object  is  to  obtain  the  fiber  of  as  great  length  as  pos- 
sible. SawiDg  cuts  the  fibers,  so  that  paper  made 
from  sawdust  lacks  tenacity,  (d)  We  know  of  no 
book  of  the  kind  you  want. 

••• 

(368)  (a)  On  what  principle  is  the  electromagn etic 
system  of  car  traction  based?  (b)  Show  by  a  sketch 
the  arrangement  of  batteries  and  generators  with  a 
booster  regulator,  (c)  How  would  you  adjust  the 
booster  so  that  the  mean  charge  in  the  battery  shall 
always  be  constant?  (d)  Describe  by  a  sketch  tbe 
manner  of  testing  insulation  resistance  by  means  of 
a  ballistic  galvanometer. 

C.  T.  H.,  New  Haven,  Conn. 

Alls.— (a)  In  the  electromagnetic  system  of  trac- 
tion, the  working  conductor  from,  which  the  car 

Orre  
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receives  current  is  split  up  into  sections  that  are 
only  connected  to  the  feeder  during  the  interval 
that  the  car  is  passing.  The  sections  are  switched 
on  and  off  by  means  of  switches  placed  in  weather- 
proof boxes  between  the  rails,  and  these  switches 
are  operated  by  means  of  magnets  carried  under  the 
car.  (b )  There  are  a  number  of  diffiBrent  methods  in 
use  for  connecting  up  batteries  with  a  booster.  One 
of  these  Is  shown  in  Fig.  1.  The  booster  has  two 
field  windings,  one  being  in  series  with  the  line 
and  the  other  connected  across  the  battery  in  series 
with  an  adjustable  resistance  r.  The  series  winding 
opposes  the  shunt  winding.    When  tbe  load  is  light. 


the  shunt  winding 
causes  an  electromo- 
tive force  to  be  devel- 
oped that  is  opposed 
to  that  of  the  battery, 
and  hence  helps  the 
generator  to  charge  it 
When  the  load  is 
heavy,  the  series  coils 
overpower  the  shunt, 
thus  lowering  or  re- 
versing the  electromo- 
tive force  of  the 
booster,  and  allowing 
the  battery  to  dis- 
charge. The  effect  of 
the  series  coil  may  be 
adjusted  by  a  low- 
resistance  shunt  9  con- 
nected across  it.  (c)  The  effect  of  the  booster  on  the 
charge  and  discharge  may  be  adjusted  by  varying  the 
resistances  r  and  «.  By  taking  a  series  of  readings  at 
definite  intervals  on  the  battery  ammeter,  you  can 
easily  form  an  estimate  as  to  when  the  mean  charge 
and  discharge  are  about  equal,    {d)  Disconnect  the 
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distant  end  of  the  cable  and  connect  up  a  small 
condenser  c  (^  microfarad),  battery  B,  and  ballistic 
galvanometer  g,  as  shown  in  Fig.  2.  See  that  all 
these  are  thoroughly  insulated.  Press  keys  k  and 
kx  so  that  the  battery  will  charge  both  cable  and 
condenser.  When  the  deflection  of  g  has  become 
zero,  indicating  a  steady  charge,  release  k  and  take 
the  throw  di,  representing  the  full  charge  of  the 
cable.  Press  k  again,  and  after,  eay,  30  seconds, 
raise  Jbi  so  that  the  battery  is  disconnected,  and  the 
charge  allowed  to  leak  from  the  cable  for  a  length 
of  time  f,  say  about  5  minutes.  Then  release  it:  and 
take  the  throw  d^  This  will  be  smaller  than  di  on 
account  of  the  leakage.  The  insulation  will  then 
be  given  by  the  formula 

J  ^    26.06< 


JiTlog 


rfr 


ire  twelve  \"  pipes  branching  firom 
1  pipe  has  twelve  nipples  wlth'^'' 
>  it,  now  large  must  the  main  be  in 


where  I  is  the  Insulation  resistance  in  megohms, 
and  I  is  the  time  in  minutes  during  which  the  diarge 
is  allowed  to  leak.  K  is  the  capacity  of  the  cable  in 
microfarads.  » 

*  ♦ 

(369)  Please  give  a  way  to  lay  off  a  curved  elbow 
suitable  for  a  stove.  J.  A.  8..  Edgard,  La. 

Ans.— See  Answers  to  Inquiries,  Ko.  85,  in  the 
April,  1809.  issue.  « 

»  * 

(370)  If  there  are  twelve  f 
a  main,  and  each    '^    "  ~ 

holes  tapped  into. „ . 

order  that  Jets  of  water  may  be  forced  from,  the 

nipples  to  a  height  of  70  ft.,  with  a 

preasore  of  35  Id.  per  sq.  in.7     The 

jets  are  to  be  used  for  washing  bottles, 

and  the  purpose  in  having  tnem  rise 

so  high  is  so  they  will  have  sufficieut 

force  to  clean  the  bottles. 

M.  H.  H.,  Lowell,  Mass. 
Ak9.— On  account  of  the  resistance 
of  air,  it  would  be  impossible  to  make 
the  Jets  rise  to  a  height  of  70  ft.  from 
a  A"  nozzle  with  the  pressure  you 
state.  If,  however,  they  are  properly 
made,  and  the  main  is  large  enough, 
the  water  may  be  made  to  flow  ttom 
them  with  a  velocity  nearly  equal  to 
that  corresponding  to  a  rise  of  70  ft. 
without  air  resistances.  The  size  of 
main  required  depends  on  its  length 
and  the  manner  in  which  it  is  laid. 
If  it  is  not  more  than  200  ft.  long,  and 
is  laid  without  sharp  bends  or  valves  that  will  ob- 
struct the  flow,  a  \\"  pipe  will  be  amply  large. 

♦  » 

(371)  (a)  What  effect  would  an  increase  in  the 
lost  motion  of  the  valves  of  a  Worthington  duplex 
pump  have  on  the  admission  of  steam;  also  what 
effect  would  a  decrease  have?  (b)  Would  an  ordi- 
nary rheostat,  such  as  is  used  in  starting  motors,  be 
suitable  for  a  resistance  to  cut  down  a  110-volt 
current  to  a  voltage  for  charging  storage  batteries? 

J.  G.  B.,  New  York.  N.  Y. 
Anb.— (a)  The  purpose  of  the  lost  motion  is  to 
delay  the  shifting  of  the  valves  to  such  an  extent 
that  one  piston  will  nearly  complete  its  stroke  before 
its  motion  shifts  the  valve  of  the  opposite  side  so  as 
to  start  the  other  piston  on  its  stroke.  An  increase 
in  the  lost  motion  would  delay  the  shifting  of  the 
valves  and  cause  each  piston  to  begin  its  stroke 
relatively  later  with  respect  to  the  motion  of  the 
opposite  piston.  A  decrease  in  the  lost  motion 
would  have  the  opposite  effect.  Increasing  the  lost 
motion  would  also  decrease  the  valve  travel  and  the 
port  opening,  while  a  decrease  in  the  lost  motion 
would  increase  the  valve  travel  and  the  port 
opening.  (&)  Yes;  a  starting  rheostat  could  be  used 
for  this  purpose,  provided  it  was  divided  into 
enough  steps  to  give  the  necesFary  adjustment  of 


charging  current.  You  must  also  be  sure  that  the 
rheostat  can  carry  the  charging  current  continu- 
ously without  overheating.  Most  starting  rheostats 
are  intended  to  carry /the  current  for  a  short  time 
only,  and  if  they  are  used  for  continuous  service, 
the  current  must  be  much  less  than  they  are  rated 
for  when  used  as  starting  boxes. 


(372)  Kindly  answer  the  following  questions: 
(a)  Is  it  safe  to  connect  a  range  boiler  to  a  water- 
supply  system  where  the  pressure  is  110  lb.?  ib)  Are 
there  any  objections  to  placing  a  kitchen  boiler  in  a 
bathroom  located  over  the  kitchen?  (c)  Is  it  neces- 
sary for  a  soil  pipe  to  be  extended  through  the  roof 
in  a  oaie  where  there  is  but  one  closet  and  one  bath 
connecting  with  it?  (d)  Will  not  the  ordinary 
glazed  sewer  pipe  do,  in  place  of  cast  iron  ?  («)  In 
using  cast-iron  pipe,  will  cement  do  for  the  Joints  in 
place  of  lead?  (f)  Is  a  closet  less  noisy  when  the 
tank  is  placed  down  near  the  seat?  (g)  How  does 
the  "Case"  pressure  reducer  reduce  the  pressure 
when  water  Is  not  flowing? 

O.  U.  P.,  Silver  Creek,  N.  Y. 

AN8.— (a)  Yes,  provided  the  waterback  and  the 
boiler  are  made  extra  heavy  and  tested  to  at  least 
250  lb.  hydraulic  pressure,  (b)  None  whatever  that 
we  know  of.  (c)  Yes;  it  should  be  continued  ftill 
size,  that  is,  4  in.,  up  to  and  through  the  roof  in  this 
case.  If  the  closet  were  omitted,  2''soil  pipe  would 
be  large  enough;  but  even  this  should  be  continued 
up  to  and  through  the  roof,  (d)  Earthenware  sewer 
pipes  arc  only  suitable  for  underground  drains,  and 


even  then  only  when  they  can  be  laid  on  a  solid 
foundation  of  natural  earth  or  rock.  They  should 
never  be  used  for  inside  work,  and  should  never 
be  laid  in  ground  that  has  been  recently  flUed  in, 
because  they  break  with  the  settlement  of  the 
ground,  {t)  Some  people  seem  to  think  that  good 
Portland  cement  and  spun  yam  will  make  a  good 
strong  joint  on  cast-iron  pipe,  but  for  house-drainage 
work  we  prefer  lead,  because  it  is  not  porous. 
Cement  Joints  properly  made  are  quite  suitable  for 
cast-iron  pipes  that  are  fllled  with  hot  water,  but  they 
are  not  permitted  in  house  drains  by  the  best 
informed  health  departments  in  the  United  States. 
(/)  Yes.  {g)  We  have  not  had  any  practical  ex- 
perience with  the  "Case"  pressure  reducer,  but  we 
have  with  numerous  others.  Owing  to  the  fact  that 
all  pressure-reducing  valves  operate  on  the  same 
principle,  the  following  description  should  serve 
your  purpose.  The  accompanying  flgure  shows  a 
pressure-reducing  valve  of  approved  make.  The 
pipe  a,  or  inldt,  connects  the  valve  to  the  street 
main  or  other  source  of  water  supply,  and  b  con- 
nects the  Valve  to  the  house  piping.  The  disk  valve 
c  is  furnished  with  a  spindle  that  passes  up  through 
a  stufflngbox  and  close-fitting  guide,  and  presses 
against  the  end  r  of  the  lever,  whose  ftilcrum  is 
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otherwlM  the  constant  14  would  have  to  be  taken 
larger,  (e)  By  oslng  three-phase  indnetlon  moton, 
and  Tarying  their  speed  either  by  means  of  an 
adjustable  resistance  In  their  armatures  or  by  a 
method  similar  to  that  used  for  series-parallel  cod- 
trol  of  direct-current  motors.  Alternating  current 
has  been  uf ed  very  little  as  yet  on  the  cars  them- 
selves, the  general  practice  being  to  change  the 


formed  by  the  pin  e,  which  passes  through  a  rect- 
angular slot  in  the  casting  n.    The  flat  disk  $,  which 
forms  the  base  of  a  stem  or  spindle  attached  to  the 
other  end  of  the  lerer,  sets  on  a  flexible  diaphragm  x, 
which  is  held  In  position  by  flanges  bolted  together 
as  shown.    A  small  tube,  or  waterway,  v  permits 
water  to  flow  from  b  to  the  under  side  of  the  dia- 
phragm, which  is,  therefore,  subject  to  the  pressure 
in  b.    Since  the  total  pressure  on 
a  given  surface  is  equal  to  the 
pressure  in  pounds   per  square 
inch  multiplied  by  the  area  of 
the  surface  in  square  inches,  the 
total  pressure  upon  a  large  sur- 
face subject  to  low  pressure  may 
be  exactly  the  same  as  that  upon 
a          " 
pressure, 
if  we  are  required  to  have  a  pres-  

arranged  that  the  reduced  pres- 
sure  under  the  diaphragm  will 


e  exactly  the  same  as  tnat  upon  . .     

small  surface  subject  to  high  3U     -^AAr-'^\AA#i--/755{rMS?) J^^'lS^^  OOOb  "^ » 

resBure.    Now,  it  is  evident  that  R/      1J»  jv  ^^^        ^^-^    iV 


sure  unaer  cue  aiapnragm  wui  t ^.^^     \ 

close  the  valve  c  against  the  higher  *-2J   AJSAr^^^ts/^ — ^  Q0O  "^"^^fflr^-^lSl^  (XSUO  V— « 

pressure,  the  diaphragm  area  sub-  \Iti     Bm  Yj  \,^        \^J^       f^       J 


Ject  to  the  reduced  pressure  must 
be  greater  than  the  area  of  the  ^Tf 
disk  c,  which  is  subject  to  the 
higher  pressure,  assuming,  of 
course,  that  the  Ailcrum  is  at  or 
near  the  center  of  the  lever. 
Water  flows  through  the  valve 
until  the  pressure  in  &,  or  under  the 
diaphragm,  reaches  that  point  where  theupward  pres- 
sure on  « is  slightly  greater  than  the  upward  preaspie 
on  the  stem  of  the  valve  e,  when  the  diaphngm  will 
be  forced  upwards  and  the  val  ve  c  downwards.  This 
movement  will  oontlnueasthe  pressure  in  Mn  creases, 
until  c  id  pressed  tightly  down  on  its  seat  and  the 
valve  is  closed.  When  water  is  drawn  from  any 
faucet  connected  to  b,  the  pressure  in  5  will  decrease 
and  the  total  force  tending  to  raise  c  being  greater 
than  that  tending  to  hold  it  down,  the  valve  will 
open  and  water  will  flow  into  h  until  the  desired 
pressure  is  attained,  when  the  valve  will  again 
be  closed.  Properly  constructed  pressure-reducing 
valves  are  so  sensitive  in  their  action  that  a  nearly 
uniform  pressure  is  maintained  in  b.  The  valve  e 
must  be  perfectly  water-tight  when  closed,  other- 
wise the  pressure  in  the  house  pipes,  when  no  water 
escapes  from  them,  will  ultimately  reach  the  pres- 
sure of  the  street  mains. 


(878)  (a)  Kindly  describe  the  action  of  a  con- 
troller, (b)  In  what  way  would  you  check  a  calcu- 
lation for  size  of  feeder  when  only  the  drop  for  a 
given  current  has  been  considered  ?  (c)  In  what  way 
may  an  altematiag  current  be  used  in  street-railroad 
work  ?  (d)  Kindly  describe  the  relative  connections 
of  armature,  fleld,  and  resistance  at  each  point  of  the 
Westinghouse  controller.  («)  Give  the  same  for  the 
General  Electric  controller.  W.  F.,  New  York. 

Ans.— (a)  A  controller  consists  of  a  vertical  drum 
on  which  is  mounted  a  number  of  contact  arcs  of 
copper.  This  drum  is  arranged  so  that  it  may  be 
revolved  about  a  vertical  axis,  and  contact  flngers 
are  flxed  so  that  as  the  drum  is  revolved  they  will 
come  into  contact  with  the  metal  pieces  on  the  drum 
and  thus  effect  the  various  combinations  necessary 
for  the  control  of  the  car.  (b)  If  the  drop  E  cor- 
responding to  a  given  current  C  Is  known,  the  fol- 
lowing formula  may  be  used  for  obtaining  the  area 
of  cross-section  of  the  feeder  in  circular  mils.  Cir- 
cular mils  -  "  ^^^  -,  where  L  =  length  of  feeder 
in  feet.    This  assumes  that  the  track  is  well  bonded; 


alternating  current  to  direct  current  by  means  of 
rotary  transformers  and  then  using  the  ordinary 
direct-current  equipment.  Three-phase  motors  re- 
quire two  trolley  wires,  which  is  one  objection  to  their 
use.  (d)  Theaooompanying  figure  shows  the  vaUoas 
combinations  made  by  the  Westinghouse  type  6 
controller.  Nos.  8  and  tf  are  the  running  notches. 
{€)  The  combinations  made  by  the  General  Electric 
Kt  controller  are  given  in  the  "  Steam-Electric  Maga- 
zine," October,  1899,  Answers  to  Inquiries,  No.  218. 


(874)  Please  advise  me  what  is  best  to  do  with  an 
asphalt  roof  that  has  cracked  and  is  leaking  badlv. 
Can  I  put  Portland  cement  on  top  of  it,  or  would  it 
be  better  to  take  off  the  present  roof  and  use  fresh 
asphalt,  or  would  Portland  cement  be  as  good? 
There  is  6  in.  of  concrete  underneath  the  roof  coating. 
J.  8.,  Scarborough,  N.  Y. 

Alts.— It  would  hardly  be  advisable  to  place  another 
covering  on  top  of  the  old  roof,  especially  of  Port- 
land cement,  as  there  would  very  likely  be  a  dlfller- 
ence  in  expansion  and  contraction  between  the  two 
materials,  and  it  would  become  cracked  as  badly  as 
ever.  You  could  make  an  excellent  roof  by  remov- 
ing the  old  asphalt  and  placing  on  the'top  of  it  a  l^* 
layer  of  Portland  cement  and  sand.  Before  placing 
this  layer  of  cement  on  the  concrete,  it  would  be  well 
to  thoroughly  moisten  the  surfiace  of  the  concrete. 
We  think,  however,  that  possibly  a  new  hsphalt  roof 
would  answer  your  purpose  better.  It  is  more  elas- 
tic and  will  withstand  the.  changes  in  temperature 
better  than  a  cement  covering. 


(875)  Does  a  rope  suspended  between  two  points 
describe  a  parabola?  If  not,  what  does  it  describe? 
C.  B.  8.,  Baltimore,  Md. 

Ams.— The  curve  made  by  the  rope  is  not  a  parab- 
ola, but  a  catenary.  On  account  of  the  difficulty 
attending  the  use  of  the  catenary  when  making 
calculations,  the  curve  is  usually  assumed  to  be  a 
parabola;  the  results  thus  obtained  are  sufficiently 
accurate  for  practical  purposes. 
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(376)  (a)  Pleue  explain  how  to  put  up  a  bell  in 
an  elevator  shaft  in  a  six-Btory  building.  There  is  to 
be  a  button  for  each  floor,  and  the  bell  is  to  be  run 
by  a  battery,  (b)  How  could  I  get  a  12"  upright 
quarter-twist  belt  to  run  in  center  of  pulleys  20  ft. 
apart?  Please  explain  how  the  pulleys  should  be 
lined  up.  A.  M.,  Chicago,  111. 

Avs.--ia)  The  ordinary  method  of  wiring  an  ele- 
vator bell  and  annunciator  is  shown  in  Fig.  1.  This 
shows  four  floors  only,  but  the  arrangement  for  six 
floors  is  wired  in  the  same  way.  A  single  wire  b  is 
connected  to  one  pole  of  the  battery  JS,  and  run  the 
whole  height  of  the  elevator  shaft.  One  terminal  of 
each  push  button  connects 
to  this  common  battery 
wire.  Wires  are  then  run 
Rrom  each  of  the  other 
terminals  of  the  buttons 
to  a  point  a  half  way  up 
the  shaft,  where  they  are 
connected  with  a  flexible 


Fig.  1 

cable  containing  one  more 
wire  than  there  are  push 
buttons.  In  jour  case  you 
would  need  a  cable  with 
seven  wires,  as  one  wire  r 
is  needed  to  connect  the 
bell  with  the  other  pole 
of  the  battery.  The  other 
wires  connect  to  the 
points  on  the  annunciator. 
Tou  can  obtain  flexible 
cable  specially  suited  to 
this  kind  of  work  from  any 
electrical  supply  house. 
(5)  Set  the  shafts  at  right  angles,  as  in  Fig.  2.  The 
usual  rule,  and  the  one  always  given  in  books,  is.  to 
set  the  pulleys  so  that  the  center  line  ec  is  in  the 
lame  plane  as  the  face  ef,  and  &  &  in^the  same  plane 
as  fiuse  e.  Tliis  is  theoretically  correct,  but  experi- 
ence shows  that  it  is  better  to  overlap  the  pulleys 
more  than  this,  fh>m  flve-eighths  to  two-thirds,  the 
width  depending  largelyon  the  pulley  centers.  The 
pulleys  can  be  set  by  dropping  a  plumb-line  from 
edge  e  of  the  top  pulley.  If  one  of  the  'shafts  is 
vertical,  a  straightedge  and  a  spirit  levti  (and  string 
also,  if  centers  are  far  apart)  will  be  required.    In 


Fio.  2 


putting  on  the  belt,  remember  that  it  must  run,  for 
the  direction  of  rotation  shown,  fh>m  side  e  of  pul- 
ley B  to  fide  b  of  pulley  A.  The  lower  view  shows 
this  clearly.  With  this  setting  of  the  pulleys,  the 
shaft  can  only  be  run  one  way;  otherwise,  the  belt 
would  not  stay  on. 

.% 

(877)  Kindlv  give  me  a  good  redpo  to  bring  wood 
to  a  high  polish.         W.  E.  R..  Leavenworth,  Kan. 

An8.— Your  question  is  rather  vague,  as  there  are 
many  methods  of  producing  a  high  pollrii  on  differ- 
ent kinds  of  wood,  some  of  which  are  more  suitable 
than  others  under  certain  circumstances.  The  fol- 
lowing will  be  found  a  simple  means  of  producing 
the  desired  result,  provided  the  surface  to  be  polished 
is  not  large:  If  the  wood  is  open-grained,  it  wUl  be 
necessary  to  fill  the  pores  with  a  flUer,  which  may 
be  obtained  ready  prepared  in  any  paint  store  or  can 
be  made  by  mixing  chalk  or  plaster  with  turpentine 
until  it  forms  a  thick  paste.  This  is  ribbed  into  the 
grain  with  a  cotton  doth  or  piece  of  excelsior,  and 
the  wood  set  aside  until  it  becomes  nearly  dry.  The 
excess  of  flUer  may  then  be  removed  from  the  sur- 
face with  a  sharp  steel  scraper,  and  the  wood  finished 
with  fine  sandpaper  stretched  over  a  block  of  wood 
or  piece  of  cork  and  rubbed  in  the  direction  of  the 
grain.  When  ready  to  polish,  take  a  wad  of  cotton 
and  place  it  in  the  center  of  a  piece  of  cotton  cloth 
about  6  in.  square,  then  saturate  it  with  ordinary 
shellac  varnish.  Twist  the  comers  of  the  cloth 
together,  hold  it  in  the  fingers  of  the  right  hand, 
and  moisten  the  outside  surfkce  of  the  rubber  thus 
prepared  with  a  drop  of  raw  linseed  oil.  Rub  this 
over  the  surfkce  of  the  wood  slowly  in  small  circular 
strokes  until  the  entire  surface  has  been  covered 
and  the  grain  seems  to  be  well  filled.  The  wood 
should  then  be  set  aside  to  dry  for  about  a  day,  and 
the  process  repeated  with  a  fresh  cloth  and  a  new 
rubber.  Any  tendency  of  the  rubber  to  stick  to  the 
surface  of  the  wood  may  be  overcome  by  slightly 
oiUng  it.  although  the  less  oil  used  the  better.  This 
process  should  be  repeated  until  all  the  pores  are 
thoroughly  filled,  and  the  wood  may  be  scraped  or 
sandpapered  between  each  application  if  desirable. 
The  final  polish  is  attained  by  rubbing  the  surface 
briskly  with  a  clean  cloth  moistened  with  a  few 
drops  of  alcohol,  and  the  high  finish  completed  by 
polishing  with  the  bare  liand,  the  latter  Just  before 
the  final  varnish  rubbing  is  dry.  Should  the  surface 
to  be  polished  be  too  large  to  be  finished  in  this 
manner,  it  may  be  filled  as  before  and  then  covered 
with  three  or  more  coats  of  varnish  applied  with  a 
flat  camel's-hair  brush.  Each  coat  must  be  per- 
mitted to  dry  24  hours  or  more  and  become  perfectly 
hard,  when  its  surface  may  be  smoothed  with  fine 
sandpaper,  if  necessary,  before  the  next  coat  is 
applied.  The  final  flnishing  is  then  accomplished 
by  rubbing  with  rottenstone  and  oil,  and  afterwards 
wiping  perfectly  dry  with  cotton  cloth  or  cotton 
waste.  A  dead  flnlrii  may  be  obtained  by  rubbing 
the  last  coat  of  varnish  with  powdered  pumice  stone 
and  oil  or  with  pumice  stone  and  water,  instead  of 
the  rottenstone.  In  selecting  varnish  for  this  pur- 
pose, a  rubbing  varnish  must  be  used,  as  any  soft 
varnish  would  peel  up  in  the  rubbing. 

*  » 

(878)  Please  inform  me  what  coefficient  of  firiction 
to  allow  for  water  flowing  through  a  pipe  made  of 
plate  iron  similar  to  a  boiler  shell.  The  length  of 
pipe  is  27  ft.,  the  diameter  28^  in.,  and  the  head  11  ft. 

T.  T.  D.,  Wallingford,  Ck>nn. 
Anb.— The  experimental  data  on  which  to  base  a 
coefficient  for  a  pipe  of  this  construction,  under  the 
conditions  named,  are  very  meager.  The  following 
method  will,  perhaps,  give  as  satisfactory  results  as 
any:    For  such  a  short  pipe,  one  of  the  principal 
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resistances  is  that  dae  to  the  oontraotion  of  the 
stream  at  the  entrance  to  the  pipe.  For  a  pipe  whose 
end  is  nearly  flush  with  the  surface  of  the  reservoir 
from  which  it  leads,  the  entrance  head  may  be 
taken  as  one-half  the  velocity  head  x.  The  entrance 
head  and  velocity  head  are  then  eqaal  to  x  +  |2 
8a; 


2' 


Calling  the  faction  head  y,  the  total  head 

11  ft.  is  equal  to  the  sum  of  the  velocity  head  and  of 
the  head  due  to  the  resistances,  giving  us  the  equa- 


tion, ?^  +  y  =  11. 


According  to  the  law  of  falling 


bodies,  the  relation  between  the  velocity  of  flow  v 

and  the  velocity  head  x  is  x  =  — -.    Adding  the 

^  Sf 

3  «j 

entrance  and  velocity  heads,  the  sum  is  -^— .     Assu- 

mlng  the  friotion  for  this  pipe  to  be  the  same  as  for  a 
new  cast-iron  pipe  of  the  same  diameter,  the  velocity 


of  flow  is  given  by  the  formula  v  ■- 


.1.78^.'l!««^".i„ 


which  D  =  diameter,  and  L  =■-  length  of  the  pipe,  both 


/l.OOOX'iftiXy 
-1-'S\        i2'x27~~' 


from  which 


y  = 


Substituting  now  in  tiie 

3tf 

4  X  82.16 


in  feet.  Substltuting,weharev  = 

v» 

273.8* 

equation  for  the  total  head,  we  have 

t^ 
2^3  ^  =  11,  from  which  the  velocity  of  flow  Is  v  = 

20  ft.  per  sec,  nearly. 

.•• 

(879)  (a)  How  can  I  determine  the  electromotive 
force  and  current  Induced  in  a  medi<^  induction 
coil  whose  core  is  |  in.  in  diameter  and  8^  in.  long? 
The  primary  is  wound  with  96  turns  of  No.  16  B.  &  §., 
and  the  seeondary  with  1,800  turns  of  No.  28  B.  &  8 
One  cell  of  battery  is  used,  (b)  In  the  coil  above 
described,  suppose  the  core  were  made  |  in.  In 
diameter  and  4l  in.  long;  would  the  induced  electro- 
motive force  be  higher  in  this  coil  than  in  the 
other?  (e)  How  are  current  retrtilators  made  for 
induction  coils?  Do  they  regnlstu  the  exciting  cur- 
rent only,  or  do  Ihey  regulate  the  current  from  the 
secondary?  (d)  I  have  a  coil  made  according  to 
dimensions  given  in  (a),  but  it  is  too  strong,  even 
when  used  with  only  one  dry  cell.  Please  state  a 
method  for  regulating  it.       A.  8.  L.,  Anneta.  Tex. 

Anb.— (a)  It  is  a  very  difficult  matter  to  estimate 
the  electromotive  force  induced  in  the  secondary  of 
an  induction  coil  with  any  degree  of  accuracy, 
because  it  depends  not  only  on  the  windings  and 
strength  of  the  battery,  but  also,  to  a  very  large 
extent,  on  the  character  of  the  break.  For  example, 
a  coil  equipped  with  a  poor  contact-breaker  might 
give  a  very  much  lower  E.  M.  F.  than  the  same  coil 
equipped  with  a  breaker  giving  a  very  sharp  break. 
In  large  coils,  the  E  M.  F.  can  be  estimated  fh>m 
the  sparking  distance.  For  a  small  coil,  the  best 
method  would  be  to  use  an  electrostatic  voltmeter. 
(b)  If  the  number  of  turns  were  kept  the  same  in 
both  cases,  the  E.  M.  F.  would  be  increased  to  some 
extent,  (c)  The  current  from  the  secondary  may  be 
regulated  in  a  number  of  ways:  (1)  by  inserting 
adjusteble  resistance  in  the  primary;  (2)  by  splitting 
the  secondary  up  into  a  number  of  sections  that  may 
be  cut  in  or  out  by  means  of  a  switch;  (3)  by  winding 
the  secondary  on  a  separate  spool  arranged  so  that 
it  may  be  slipped  on  or  off  the  primary;  (4)  by  con- 
necting a  very  high  resistance  across  the  secondary 
terminals,  as,  for  example,  a  graphite  resistance, 
and  then  connecting  the  patient  to  one  terminal 
and  moving  the  other  electrode  terminal  along  the 
resistance  until  the  required  strength  is  obtained. 
(d)  You  can  use  any  of  the  above  methods  for  regu- 
lating your  coil,  but  the  first  one  would  probably  be 
the  easiest  to  apply. 


(880)  If  we  have  one  end  of  a  pipe  attached  to  the 
bottom  of  a  boiler  shell,  at  a  point  2  ft.  below  the 
surface  of  the  water,  and  the  other  end  attached  to 
the  top  of  the  shell  so  as  to  communicate  with  tne 
steam  space,  what  will  be  the  difforence  in  pressure 
at  the  two  ends  of  the  pipe?  Does  not  the  water 
increase  the  pressure  at  the  bottom  over  the  pressure 
of  the  steam  at  the  top?   F.  C.  8.,  Lonaoonlng,  Md. 

Ams.— The  pressure  per  square  inch  at  the  bottom 
connection  will  be  as  much  greater  than  the  steam 
pressure  as  the  weight  of  a  column  of  water  1  in. 
square  and  as  high  as  the  vertical  depth  of  the 
water  above  the  connection.  The  weight  of  a  col- 
umn of  water  1  in.  square  and  1  ft.  high  is  very 
nearly  .434  lb.  at  ordinary  temperatures;  the  increase 
in  pressure  for  a  depth  of  2  ft.  is  therefore  very 
nearly  2  X  .484  =  .868  lb.  An  accurate  gauge  at- 
tached at  the  bottom  connection  of  the  boiler  would 
show  a  pressure  of  about  .868  lb.  per  sq.  in.  more  than 
it  would  show  if  attached  to  the  steam  space. 
« 

*  * 

(381)  (a)  Is  there  any  more  power  received  by  the 
use  of  Ramsey's  bicycle  pedal  than  by  the  use  of  the 
ordinary  kind?  If  so,  explain  why.  (h)  How  do 
you  find  the  area  of  a  crescent? 

W.  C,  Woroester,  Mass. 

Ans.— (a)  Some  bicycle  riders  think  a  pedal  of  this 
kind  enables  them  to  climb  hills  easier  than  with 
the  ordinary  type 
of  pedal.  It  does 
not  incroase  the 
power,  but  It  may 
enable  the  rider  to 
exert  himself  to 
better  advantage 
while  climbing  a 
hill.  Any  advan- 
tage it  may  have  is 
in  enabling  the 
rider  to  exert  a 
more  constant 
turning  force  on 
the  crank  and  so 
prevent  the  loss  of 
turning  effect  that 
takes  place  as  the  pedal  goes  over  the  dead  points. 
{h)  Let  the  radii  of  the  two  circles  be  Oil  »  r  and 
PA  =  8.  Let  the  number  of  degrees  in  the  central 
angle  A0She2fn^  and  let  the  number  of  degrees  In 
the  central  angle  APB  be  2n.  Let  ■■  denote  the 
ratio  of  a  drcumferenoe  to  its  diameter;  so  that  w  » 
8.1416,  nearly.  Then  the  area  S  of  the  crescent 
A  CBD  is  given  by  the  formula 

« 

*  * 

(882)  (a)  What  would  be  the  effect  on  the  earth 
if  the  moon  were  taken  away?  {h)  What  would  be 
the  effect  on  the  ocean  ?   Would  its  motion  cease  ? 

J.  M.  0.,  Mexico. 

Ans.— (a)  The  only  effect  on  the  earth  proper  wonld 
be  a  total  darkness  of  that  portion  not  illuminated 
by  the  sun:  in  other  words,  moonlight  would  be  a 
thing  of  the  past,  much  to  the  discomfort  of  the 
inhabitants  of  high  latitudes,  whose  supply  ot 
natural  light,  during  the  several  weeks  of  short  days 
prevailing  in  those  regions,  depends  on  the  moon, 
(b)  We  do  not  know  to  what  motion  of  the  ocean 
you  refer.  The  principal  motions  of  the  ocean 
are  currents  and  tidal  streams.  Ocean  currents  are 
caused  by  the  ever-changing  temperatore,  and  are 
therefore  indirectly  Influenced  by  the  sun;  the 
absence  of  the  moon  would  have  very  slight  or  no 
effect  on  this  kind  of  motion  of  the  ocean.  Tidal 
streams  and  tides  are  caused  by  the  combined  direct 
action  of  the  sun  and  moon,  these  two  bodies  pro^ 
ducing  two  different  classes  of  tides,  vis.,  solar  tides 
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and  lanar  tides.  We  know  that  at  the  timeofoon- 
Jonetlon  the  moon  and  sun  attract  the  water  in  the 
nme  direction,  and  therefore  the  tides  are  then 
eqnal  to  the  som  of  the  lanar  and  solar  tides.  The 
nme  is  true  at  opposition,  becanse  each  attracting 
body  prodaces  two  tides  at  once,  and  the  direct 
Imiar  tide  coincides  with  the  opposite  solar  tide,  and 
Tice  versa.  These,  we  know,  are  the  spring  tides 
that  occur  at  the  sysygies.  At  qnadrature,  each 
body  raises  a  tide  at  the  expense  of  that  raised  hy 
the  other.  From  this,  it  is  evident  that  should  the 
moon  be  removed  or  her  influence  be  rioduced  to  nil, 
the  lunar  tides  would  disappear  but  the  solar  tides 
would  continue  to  exist.  On  account  of  the  distance 
of  the  son  being  so  great,  however,  the  solar  tides 
are  of  less  magnitude  and  Importance,  and,  conse- 
quently, a  radical  change  would  take  place  in 
respect  to  prevailing  tides.  Other  agencies  would 
then  have  to  be  set  in  motion  in  order  to  perform  the 
present  function  of  the  tides,  viz.,  to  prevent  the  sea 
from  becoming  stagnant  by  distributing  in  all  direc- 
tions the  fait  that  the  ocean  con  Vtlns. 

(888)  The  accompanying  drawing  shows  a  side 
and  an  end  elevation  of  an  intersection  between  a 
boiler  and  smokestack.  Please  explain  a  method  for 
developing  the  pattern  for  the  gusset  plate  marked 
A,  K.  W.,  Fottstown,  Pa. 

ANS.~In  the  drawing  sent  to  us  by  this  correspond- 
ent, the  line  be  of  the  lide  elevation  was  represented 


as  a  straight  line;  It  should  properly  have  been 
an  ixregolar  oorve,  since  the  line  represents  the 
Intenectfon  of  an  irregular  solid  whose  form  is  such 
that  it  may  miter  with  the  stack  along  the  line  ab. 
The  accompanying  Illustration  shows  how  the  cor- 
rect carve  is  produced,  regular  methods  of  projection 
ftom  the  end  elevation  being  employed  in  the  man- 
ner shown.  Having  determined  the  outline  of  the 
curve  be,  projectors  are  thence  carried  indefinitely 
upwards  and  parallel  to  ac,  and  at  (a)  the  required 
secttonal  view  is  constructed.  A  comparison  of  the 
view  at  (a)  with  that  shown  at  (5)  will  enable  the 
reader  to  underrtand  the  method  of  constructing 
the  section,  since  equal  spaces  in  the  diflfbrent  views 
are  denoted  by  similar  letters.  After  drawing  the 
sectional  view  at  (a),  the  stretchout  MN\b  laid  oif  at 
right  angles  to  a  c,  and  the  spaces  on  MN  are  made 
equal  to  those  on  the  outline  of  the  section.  Parallels 
to  a  e  are  drawn  through  the  points  thus  located,  and 
the  development  is  then  completed  by  drawing  lines 
parallel  to  MN  ttom  the  extremities  of  the  lines  on 
the  Ronet  plate. 

**♦ 
(384)    (a)  What  is  the  ratio  between  the  fixes  and 
number  of  turns  on  110-.  220-,  and  500-volt  motors, 
other  things  remaining  the  same?    {b)  If  a  500-volt 


motor  has  on  its  armature  24  slots,  106  turns  per  slot, 
No.  17  wire,  and  11,600  turns  No.  27  on  the  fields,  what 
would  it  have  If  it  were  wound  for  110  and  220  volts  ? 
This  is  a  8  H.  P.  Crocker-Wheeler  machine.  Would 
the  ratios  hold  good  for  other  machines?  (c)  Can  I 
use  a  compressed-air  engine  to  any  advanUse  in  an 
automobile?  If  so.  where  can  I  get  lome  informa- 
tion relating  to  such  engines? 

F.  V.Y.,8t.  Louis,  Mo. 

Airs.— (a)  If  .4  Is  the  cross-section  in  circular  mils 
of  the  wire  on  the  110-volt  motor,  then  that  on  the 

220-volt  machine  will  be  ^ ,  and  on  the  500-volt  motor 
about  TT-    If  7  is  the  number  of  turns  on  the  llO-volt 

4.5 

motor,  then  2  T  will  be  the  number  on  the  220-volt 
motor,  and  4.5  T  the  number  on  the  500-volt  motor, 
nearly.  If  R  is  the  field  resistance  of  the  llO-volt 
motor,  then  the  field  reslstanoe  of  the  220-volt  motor 
will  be  4  Je,  and  that  of  the  600-volt  motor  20.6  R, 
nearly.  Of  course,  it  is  impossible,  in  practice,  to 
select  sizes  of  wire  and  number  of  turns  to  exactly 
satisfy  these  proportions,  but  they  can  usually  be 
approximated  so  that  the  machine  will  give  the 
right  voltage  with  but  a  slight  change  in  speed. 
These  ratios  hold  for  any  machine,  {b)  No.  17  wire 
has  a  cross-section  of  2,048  circular  mils;  hence, 
the  required  cross-section  for  110  volts  would  be 
2,048  X  4.5  =  9,216.  This  lies  between  No.  10  and 
No.  11.    The  number  of  conductors  per  slot  would  be 

^^  =  23+.    Since  you  would  not  need  so 

4.5 

much  room    for  insulation,   you  could 

probably  get  on  about  24  turns  of  No.  10 

per  coll.     For  220  volts,   the  required 


cross-section  would  be 


0.216 


=  4,608,  or 


a  No.  14  B.  <&  8.  The  conductors  per 
slot  would  be  aboat  46  or  48,  i.  e.,  twice 
as  many  as  for  the  llO-volt  machine. 
With  regard  to  the  field  winding,  the  110- 
volt  machlneshould  have,  approximately, 
11,500 


4.5 


:  2,655  turns.   The  cross-section  of 

No.  27  is  201  droular  mils;  hence,  for  the 
llO-volt  machine,  the  cross-section  should 
be  904.6,  or  about  No.  20.  For  the  220- 
volt  machine,  the  cross-section  would  be 

^  -  =  452  circular  mils,  or  about  No. 

24  B.  <Sc  8.  For  the  220-volt  machine,  there  would  be 
about  2,555  X  2  »  5,110  turns  on  the  field.  like  the 
armature  windings,  it  is  never  poasible  to  make  the 
field  windings  come  out  exactly.  The  aim  should 
be  to  make  the  resistances  about  in  the  proper^ 
tion  given  in  (a),  so  that  the  watts  lost  in  the  field 
will  be  nearly  the  same  in  each  case,  (e)  There  is 
no  data  on  the. subject  of  the  application  of  com- 
pressed air  to  automobile  purposes  now  available 
that  seems  to  indicate  that  it  can  be  made  to  com- 
pete successfally  with  either  gasoline,  steam,  or  elec- 
tricity. Nothing  has  yet  been  published  that  will 
give  you  any  practical  information  on  the  subject. 


(886)  The  accompanying  sketch  represents  a  closed 
tank  in  which  there  is  water  to  the  depth  of,  say, 
2  in.  In  one  head  is  an  inlet  for  steam  at  a  pressure 
of  7  lb.  per  sq.  In.,  and  in  the  other  head  an  outlet 
formed  oy  the  bent  piece  of  pipe,  one  end  of  which 
extends  below  the  water-line,  (a)  Kindly  explain 
what  causes  the  steam  to  drive  the  water  out  through 
the  bent  pipe.  (5)  How  can  the  depth  below  the  end 
of  the  pipe  from  which  the  water  will  be  forced  out 
througn  the  bent  pipe,  when  the  water-line  falls 
below  the  end,  be  calculated?  (c)  If  a  hole  should 
be  cut  in  the  bent  pipe  at  A  with  a  diameter  equal  to 
the  inside  diameter  of  the  pipe,  would  the  acuon  be 
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any  different,  and  if  lo,  what  would  the  action  be? 
(d)  Would  the  tank  be  emptied  any  more  rapidly 
with  the  hole  out  In  the  pipe  than  it  would  without, 
and  if  to,  what  rule  may  be  used  to  calculate  the 
most  efficient  8lse  of  hole?  (e)  Whyiaanaltematinff 
current  more  economical  than  a  direct  current,  and 
why  can  it  not  be  used  to  drive  a  direct-current 


-ntfO- 


Water  Line. 


motor  ?    (/ )  Please  name  some  books  in  which  I  can 
get  information  on  above  questions. 

H.  W.  B.,  PhlladelphU,  Pa. 
Anb.— <a)  The  water  would  be  forced  out  through 
the  pipe  merely  by  the  action  of  the  pressure  of  the 
steam  on  its  surface,  (b)  There  is  no  rule  by  means 
of  which  such  a  calculation  can  be  made,  (c)  With 
a  hole  out  as  yon  suggest,  it  is  probable  that  no  water 
would  be  drawn  firom  the  tank,  but  by  inserting  a 
nosile  so  as  to  make  a  device  something  like  an  in- 
jector, water  might  be  drawn  up  through  the  bent 
tube  by  the  outflowing  current  of  steam,  (d)  No. 
(e)  The  principal  advantage  of  the  alternating  cur- 
rent is  that  by  its  use  high-voltage  currents  are 
practicable,  thus  making  it  possible  to  use  smaller 
wires  for  transmitting  the  current  without  a  serious 
loss.  A  satisfactory  explanation  of  the  relation 
between  alternating-  and  direct-current  motors  would 
take  more  space  than  is  available  in  these  columns. 
(/)  For  an  explanation  of  the  principles  involved 
in  the  action  of  the  steam  in  forcing  water  out  of  the 
tank  we  would  recommend  "Avery's  Natural  Philos- 
ophy," price  11.16.  This  book  also  contains  much 
useful  information  about  electricity.  For  the  special 
information  about  alternating  currents  and  motors 
for  which  you  ask,  we  would  recommend  "  Elemen- 
tary Lessons  in  Electricity,"  by  Sylvanus  P.  Thomp- 
son, price  91.40.  The  above  books  may  be  obtained 
ftom  The  Technical  Supply  Ck>.,  Scranton,  Pa. 


(886)  (a)  In  a  two-cycle  gasoline  engine  with  a 
8"  X  8''  cylinder,  an  enclosed  crank-chamber,  and 
the  ports  opened  and  closed  by  the  motion  of  the 
piston,  will  a  \'  pipe  do  for  the  admission  port  and  a 
f '  pipe  for  the  exhaust,  these  pipes  being  tapped  into 
the  cylinder  instead  of  having  the  ports  cored  in  7 
(&)  If  the  exhaust  port  is  half  open  when  the  admls- 
8ion_port  begins  to  open,  will  the  engine  work  well  ? 
(c)  What  should  be  the  weight  of  the  flywheel  if  its 
diameter  is  about  11  in.,  the  number  of  revolutions 
300  per  min.,  and  the  compression  about  65fi?  (d) 
Give  me  some  suggestions  m  rentrd  to  the  arrange- 
ment of  the  igniter  points  in  the  cylinder  and  for 
making  the  upward  motloD  of  the  pump  guide  work 
the  sparking  device.       N.  H.  R..  Philadelphia,  Pa. 

ANs.— (a)  If  the  engine  is  not  to  run  more  than  800 
R.  P.  M.,  ports  of  the  dimenslonB  you  name  would  be 
large  enough;  if  it  is  to  run  at  higher  speeds,  they 
should  be  somewhat  larger.  We  would  prefer  to 
make  the  ports  by  coring  openings  in  the  cylinder, 
making  the  dimensions  of  these  openings  about  |  in. 
wide  by  2  in.  long  (measured  around  the  circumfer- 
ence of  the  cylinder)  for  the  admission  port,  and 
about  A  in.  by  2  in.  for  the  exhaust  port,  (b)  With 
the  dimensions  we  have  suggested,  the  plan  you  pro- 
pose will  work  well.  ■  (c)  The  size  and  weight  of  fly- 
wheel required  depend  on  the  permissible  variations 
in  speed.    With  a  diameter  of  only  11  in.,  it  will  be 


difficult  to  make  a  wheel  heavy  enough  to  give  satis- 
factory results  at  a  speed  of  800  R.  P.  M.  By  making 
the  wheel  24  in.  in  diameter,  moderately  good 
results  for  ordinary  work  can  be  obtained  with  a 
weight  of  rim  of  60  lb.  For  work  like  electric  llgiht- 
ing,  requiring  close  regulation,  a  larger  or  heavier 
rim  would  be  required.  For  a  given  degree  of  reiga- 
lation  or  steadiness  of  motion,  the  weight  of  rim 
required  is  inversely  as  the  square  of  the  diameter 
and  the  cube  of  the  number  of  revolutions  per 
minute;  consequently,  an  increase  in  these  fibetors 
increases  the  efifect  of  the  wheel  much  Cuter  than 
does  an  increase  in  the  weight  of  the  rim.  (d)  It  is 
impracticable  in  the  space  here  available  to  give  yoa 
any  suggestions  of  value  regarding  these  points. 


(887)  Show  how  the  synchronizing  devices  used 
when  placing  alternators  in  parallel  are  arranged. 
Give  connections  for  three-phase  system,  and  ezplaiii 
principle  of  operation.  Explain  how  some  are  in 
phase  on  a  bright  light,  and  some  with  lamp  oat. 
C.  F.  K.,  Redlands.  CaL 

Anb.— The  accompanying  figure  shows  the  common 
arrangement  of  synchronising  lamps  for  three-phase 
machines.  PS,  P'  ^  are  the  prinuuy  and  secondary 
coils  of  two  small  transformers.  Generally,  the 
ordinary  type  of  potential  transformer  used  with 
alternating-current  voltmeters  Is  employed  for  the 
purpose.  The  primaries  P  and  f  are  connected  to 
corresponding  phases  of  the  two  machines,  as  indi- 
cated. The  two  secondary  coils  S  and  Sf  are  connected 
in  series  through  the  lamps  1,1  and  the  synchro- 
nising plug  inserted  at  Jf.  From  the  way  in  which 
the  transformers  are  connected,  it  will  be  seen  that 
terminals  J  and  5  will  be  of  the  same  polarity  at  any 
given  instant  when  the  machines  are  exactly  in 
synchronism,  1.  e.,  when  terminal  2  is  +,  terminal  t 
is  — ,  terminal  5  is  +.  and  terminal  4  is  — .  When, 
therefore,  the  plug  M  is  inserted  and  the  machines 
are  in  step,  the  pressures  of  the  two  secondaries  con- 
nected in  series  will  be  added  together,  and  the 
lamps  will  glow.  Suppose,  however,  that  the  con- 
nections of  P  are  reversed,  or,  what  amounts  to  the 
same  thing,  suppose  either  of  the  secondaries  to  be 
reversed'fh>m  the  connections  shown.  The  electro- 
motive forces  of  the  two  seoondarles  will  then 
oppose  each  other,  and  the  lamps  will  be  dark  when 
the  machines  are  in  step,  and  will  be  bright  when 
they  are  opposite  in  phase.   Both  schemes  are  in 
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use,  and  it  depends  simply  on  the  nature  of  the 
transformer  connections  as  to  whether  the  lamps 
will  be  light  or  dark  when  the  condition  of  syn- 
chronism is  attained.  When  the  machines  are  first 
installed,  it  Is  necessary  to  use  two-phasing  transform- 
ers for  each  machine  in  order  to  make  sure  that 
the  transformers  to  be  used  permanently  are  con- 
nected to  corresponding  phases.   After  this  has  been 
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determined,  the  temporary  trangformers  may  be 
dispensed  with,  and  only  one  used  for  each  machine, 
as  indicated. 

(388)  (a)  The  accompanying  sketch  ihows  two 
RTonnd  detectors  on  diflterent  parts  of  a  circuit. 
When  both  switches  are  dosed  on  opposite  lines,  Is 
there  not  a  short  circuit?  (b)  When  we  get  a  ground 
on  the  light  dronit  and  also  a  ground  on  one  of  the 
electric  cranes,  we  cannot  run  the  crane  with  lafety. 
Where  does  this  differ  ftom  the  case  given  in  (a)? 
(e)  We  use  Bagnall  arc  lamps  in  aenss  for  street 
lighting.  When  one  of  them  Jumps,  owing  to  im- 
proper resistance,  why  do  not  all  the  lamps  on  the 
drcnit  do  the  same  ?   Is  the  drcuit  not  broken  esch 


time  the  are  Jumps?   (d)  Please  giye  a  diagram  of 
connections  for  a  Keystone  desk  telephone. 

W.  J.  C,  Pittsburg,  Pa. 
Am.— (a  and  6)  In  the  first  case,  there  is  do  short 
drcnit.  The  term  "short  drcuit"  carries  with  it 
the  idea  of  a  short  path  for  the  current,  this  short 
path  tovin^  very  little  resUtanoe,  In  the  case  of  ground 
detectors,  the  current  has  to  pass  through  the  lamp 
and  voltmeter,  both  of  which  have  a  high  resistance. 
This  high  resistance  limits  the  current  so  that  no 
bad  effects  are  noticed.  In  the  second  case,  there  is 
no  such  high  resistance  in  series  with  your  grounds, 
and  the  result  Is  that  when  both  grounds  are  present, 
the  electromotiye  force  Is  able  to  set  up  a  very  large 
current,  which  is  liable  to  do  damage,  (o)  If  a 
number  of  lamps  are  run  in  series,  the  fluctuations 
in  current  caused  by  one  lamp  Jumi)lng  are  not 
suffident  to  make  the  other  lamps  Jump.  The  total 
voltage  generated  by  the  dynamo  is  very  high  in  the 
ease  of  a  series-arc  system,  and  the  fluctuations  In 
voltage  across  any  one  lamp  would  be  but  a  small 
percentage  of  the  whole,  and  the  resulting  fluctua- 
tions in  current  would  be  correspondingly  small. 
Jumping  does  not  usually  open  the  drcuit.  Series 
lamps  are,  however,  provided  with  an  automatic 
ent-out  so  that,  if  the  arc  does  become  broken,  the 
circuit  will  be  malntafned.  (d)  We  do  not  have  the 
diagram  of  connections  for  this  desk  telephone. 

«% 

(389)  (a)  Could  a  cream  sepcmitor  be  run  by  a 
motor  with  the  armature  mounted  directly  on  the 
spindle?  The  spindle  runs  8,000  R.  P.  M.  (5)  Would 
it  require  a  higher  voltage  to  run  a  motor  at  such  a 
high  speed  than  at  a  low  speed,  and  if  so,  why? 
(e)  What  is  the  meaning  of  the  terms  "underoom- 
pounded*'  and  "overoompounded"  when  applied  to 
a  dynamo?  (d)  A  plank  is  12  ft.  long  and  wdghs  24 
lb.  It  is  supported  by  two  props,  one  of  which  Is 
1  ft.  from  one  end,  and  the  other  3  ft.  fh>m  the  other 
end.  How  much  wdght  does  each  prop  support? 
H.  C.  L.,  Hyde,  Assa. 

Akb.— (a)  It  would  hardly  be  possible  to  make  a 
motor  to  operate  satisflictorily  at  as  high  a  speed  as 
8.000  R.  P.  M.  You  had  better  run  the  motor  at  a 
lower  speed  and  use  belting,  (b)  The  speed  of  a 
motor  depends  on  the  strength  of  its  field,  the  voltage 
of  the  supply,  and  the  number  of  conductors  on  the 
armature.  For  very  low  voltages,  there  would  likely 
be  difficulty  in  making  a  motor  run  well  at  the 
high  speed  you  name.  However,  If  it  were  not  for 
mechanical  limitations,  a  motor  could  probably  be 


built  to  run  at  the  above  speed  on  any  one  of  the 
common  voltages,  i.  e.,  110,  220,  or  600  volts,  (e)  A 
dynamo  is  said  to  be  "  overcompounded  "  when  the 
series  colls  are  suffidently  powerful  to  cause  the 
voltage  to  rise  as  the  load  increases.  The  term 
"  undercompounded  "  Is  not  used  very  frequently, 
but  it  would  be  applied  to  a  compound-wound 
dynamo,  the  series  coils  of  which  were  not  powerful 
enough  to  hold  up  the  voltage  with  increadng  load, 
(d)  The  weight  on  the  prop  1  ft.  ftom  the  end  would 
be  9  lb.;  that  on  the  other  prop  would  be  15  lb. 


(390)     Kindly 
formula  £a/i 


E\h-¥ 


give  the  correct  answer  to  the 
/*y,  in  which  E  =  1.000,  r  =  90, 


ters,  we  have  1,000-1/1  -}- 


^. 


z  =  100.  J.  B.,  Clentral  Falls,  R.  I. 

Akb.— Substituting  the  known  values  for  the  let- 

after  squaring  .9  and  adding  it  to  1,  1,000 1/ 1.81. 
Extracting  the  square  root  of  1.81  and  multiplying 
by  the  1,000,  the  result  is  1,345.4,  which  is  the  value 
of  the  given  expression. 

*  * 

(891)  We  have  in  operation  a  dry  kiln  for  drying 
oak  lumber  that  has  been  sawed  6  months  or  longer. 
It  takes  f^om  13  to  14  days  to  dry  the  lumber.  The 
kiln  is  18  ft.  long.  12  ft.  wide,  and  10  ft.  high,  Inside 
measurements,  it  has  an  air  space  of  8  in.  in  the 
outside  walls,  which  are  made  of  two  \"  boards, 
with  heavy  building  paper  between  them,  and  the 
cdling  is  made  of  the  same  material.  The  heating 
coil  is  composed  of  1,416  ft.  of  V  pipe  that  returns 
the  whole  length  of  the  kiln.  The  steam  main  is 
4  in.  I  keep  the  temnerature  at  100^  for  the  first  8 
days,  and  then  at  I'KP.  If  I  raise  the  temperature 
above  this,  it  checks  the  lumber:  there  is  no  fitta- 
lation  of  air  in  the  kiln.  How  can  I  dry  lumber 
more  quickly,  and.  if  I  need  a  circulation,  how  can 
it  be  aeoomplished  ?  I  also  have  a  1"  pipe  that  pro- 
jects in  the  top  of  the  kiln  by  which  I  turn  steam  in 
the  kiln  for  an  hour  every  morning.  Is  this  a  good 
plan  ?  I  would  like  to  hear  ftom  some  of  the  readen 
of  Science  and  Industry  who  have  had  considerable 
experience  in  dry  kilns.  Subscriber. 

ANB.~In  "Home  Study  for  the  Building  Trades," 
December,  1896,  page  108,  you  will  find  a  description 
and  drawings  of  a  small  lumber  kiln,  heated  and 
ventilated,  that  appean  to  suit  your  case.  The  proc- 
ess of  blowing  steam  into  the  kiln  every  morning  Is 
considered  by  many  to  be  an  excellent  means  of 
preventing  oak  f^om  becoming  checked.  We  will 
be  pleased  to  recdve  sugRestions  ftom  practical  men 
in  the  lumber  business  for  the  benefit  of  our  corre- 
spondent. 

(392)  Please  tell  me  how  to  find  the  length  of  the 
piston  rod  of  a  vertical  engine,  the  connecting-rod 
being  finished.  H.  C.  P..  San  Francisco,  C^. 

Ans.— We  take  It  for  grsnted  that  the  engine  is  all 
built  with  the  exception  of  the  piston  rod  and  that  it 
is  desired  to  find  the  correct  length  to  make  the  rod. 
Under  these  conditions  we  would  advise  the  follow- 
ing method:  Connect  up  the  crank,  connecting-rod, 
and  crosshead,  and  put  the  crank  on  its  upper,  or 
head,  center.  Measure  the  distance  fh>m  some  point 
on  the  crosshead  from  which  a  corresponding  point 
on  the  piston  rod  can  be  conveniently  located  to  the 
inner  surface  of  the  upper  cylinder  head.  From  this 
measurement,  subtract  the  piston  clearance;  the 
remainder  will  be  the  length  of  the  piston  rod  from 
the  point  chosen  on  the  crosshead  to  the  upper  sur- 
face of  the  piston.  By  adding  to  this  length  the 
amounts  required  for  connection  to  crosshead  and 
piston,  the  total  length  of  rod  will  be  found.  As  a 
check,  it  would  be  well  to  make  a  similar  measure- 
ment from  the  point  on  the  crosshead  to  the  upper 
surface  of  the  lower  cylinder  head  when  the  crank  is 
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on  its  lower  center.  The  piiton  clearance  plus  the 
thickness  of  the  piston  added  to  this  measurement, 
should  give  the  same  length  as  was  obtained  when 
the  piston  clearance  was  subtracted  from  the  first 
measurement. 

* 

(89A)  I  wish  to  put  in  a  fan  for  the  purpose  of 
carrying  the  dust  and  shavings  from  wood-turning 
machinery  to  the  boiler  room.  The  shavings  are 
ooar«e,  like  excelsior.  The  distance  is  from  80  to 
100  ft.  in  a  straight  line,  size  of  pipe  8  in.  (a)  Where 
should  the  fan  be  placed  to  give  the  best  results 
without  having  the  shavinn  go  through  it?  (b) 
What  type  of  fan  is  adapted  for  this  work  ?  (c)  How 
may  I  calculate  the  size?  (d)  Please  give  me  in- 
structions for  installing  the  piping  for  heating  a 
four-story  factory  180  ft.  X  85  ft.,  ceilings  15  ft.  high, 
with  the  exhaust  from  a  SO  H.  P.  Corliss  engine.  If 
possible,  furnish  a  diagram  of  arrangement,  giving 
size  and  length  of  coils.  There  are  no  partitions  on 
either  floor,  {e)  I  have  a  quantity  of  No.  30  covered 
copper  wire  with  which  I  wish  to  make  a  voltmeter 
to  work  on  a  llO-volt  alternating  circuit.  What  is 
the  most  practical  instrument  I  could  make  to  serve 
my  purpose?  E.  W.  B.,  Rock  Island.  Quebec. 

AK8.— (a)  We  do  not  know  of  any  method  of  in- 
stalling a  fan  for  such  a  purpose  that  does  not  make 
it  necessary  for  the  shavings  to  pass  through  the  fan. 
By  constructing  the  blades  in  such  a  manner  that 
there  will  be  no  corners  or  projections. on  which  the 
shavings  can  catch,  they  will  pass  through  the  fan 
without  causing  trouble.  Fans  for  handling  the 
straw  from  thrashers  are  constructed  in  sach  a 
manner,  and  work  successftQly  without  clogging. 
{b  and  c)  It  is  impossible  in  the  space  available  in 
these  columns  to  describe  a  fan  that  would  serve 
your  purpose  or  the  methods  by  means  of  which  its 
dimensions  could  be  calculated.  We  would  advise 
you  to  purchase  a  fan  from  some  maker  that  has 
had  experience  in  work  of  that  kind.  The  B.  F. 
Sturtevant  Co.,  Boston,  Mass.,  The  Buffalo  Forge  Co., 
Buffalo,  N.  Y.,  or  The  American  Blower  Co.,  Detroit, 
Mich.,  can  ftumish  a  fan  that  will  serve  your  purpose 
much  better  than  one  you  can  make,  (d)  It  is  im- 
possible to  give  you  a  diagram  or  to  give  definite 
dimensions  for  the  various  jMirts  of  your  system 
without  knowing  more  of  the  conditions  than  yon 
have  stated.  The  following  general  principles 
should,  however,  enable  you  to  install  a  satlsflactory 
system  for«yourself  :  The  distributing  pipes  should  be 
large,  so  as  to  carry  the  steam  freely  and  not  put  a 
heavy  back  pressure  on  the  engine.  A  direct  con- 
nection to  the  boilers  through  a  pressore-redncing 
valve  should  be  made,  so  as  to  supply  steam  to  the 
system  automatically  when  the  engine  is  stopped. 
A  reliefer  back-pressore  valve  should  be  placed  on 
the  exhaust  pipe,  to  permit  any  surplus  exhaust  to 
escape.  Provision  should  be  made  to  drain  the 
water  and  oil  fh>m  the  exhaust  so  that  it  cannot  get 
into  the  distribution  and  radiating  pipes.  The 
amount  of  radiating  surface  usually  required  for 
shops  is  1  sq.  ft.  for  each  100  cu.  ft.  of  space  to  be 
heated.  If  your  shop  is  in  an  exposed  location,  or 
the  walls  are  thin  and  have  many  windows,  it  will 
be  well  to  make  the  radiating  surface  somewhat 
greater,  (e)  About  the  simplest  instrument  to  make 
for  this  purpose  would  be  one  in  which  a  coil  or 
solenoid  is  mounted  vertically  and  arranged  so  as 
to  draw  an  iron  core  into  it.  Make  the  coil  about 
6  in.  long  and  1^  in.  outside  diameter,  with  a  9"  hole 
through  the  center.  Make  the  core  of  a  bundle  of 
soft-iron  wires  made  up  to  form  a  core  i  in.  in 
diameter.  Suspend  this  core  from  a  small  beam 
mounted  on  knife  edges,  so  that,  when  the  hand  is 
at  zero,  the  core  will  be  slightly  inside  the  end  of 
the  coil.  Arrange  an  adjustable  counterweight  so 
as  to  control  the  movement  of  the  needle,  and 
attach  the  pointer  to  the  beam  so  that  it  will  play 


over  the  scale  when  the  iron  core  is  drawn  into 
the  coil.  If  you  wish  to  leave  this  voltmeter  in 
circuit  continuously,  it  will  have  to  be  of  high 
resistance,  otherwise  it  will  overheat.  If  you  simply 
wind  the  coil  with  copper  wire  and  connect  no 
external  resistance  in  series  with  it,  you  should 
arrange  a  key  so  that  the  voltmeter  may  be  cat  out 
when  not  in  use. 


(394)    (a)  What  is  osmium,  and  where  is  it  found? 

(b)  What  is  it  used  for.  and  where  can  it  be  bought? 

(c)  What  metal  is  in  the  human  skeleton,  and  now 
is  it  extracted?  P.  K.,  New  York,  N.  Y. 

Aics.— (a)  Osmium  is  a  rare  metal  that  is  found, 
together  with  platinum  and  some  other  rare  metals, 
in  California,  Russia,  Brazil,  Australia,  and  Peru. 

(b)  The  metal  itself  has  no  use,  but  an  alloy  iatited 
for  tipping  gold  pens  and  for  compass  bearings.  It 
can  be  obtained  fh>m  any  chemical  supply  house. 

(c)  Calcium  is  the  chief  metal  occurring  in  the 
human  skeleton.  This  alkaline  earth  is  so  plentiful 
everywhere  that  it  is  not  extracted  fhun  the  bones. 


(895)  I  have  four  ceiling  fans  of  standard  make 
derigned  to  be  put  four  in  series  on  a  500-volt  circuit 
Each  fan  requires  about  .75  ampere  and  has  two 
wooden  blades,  each  about  2  ft.  long.  Why  is  it  that 
the  speed  of  each  fan  is  not  the  same?  They  have 
been  cleaned  and  repaired  each  season,  but  this  seap 
son,  after  repairs,  one  of  the  fkns  runs  very  slow. 
The  speed  of  the  other  three  is  about  right.  From 
Inquiri^  and  what  I  have  noticed  elsewhere,  this 
seems  to  be  a  common  fkult  of  ceiling  fans  when  run 
in  series.  W.  H.  H.,  Jersey  City,  N.  J. 

Ans.— Motors  operated  in  this  way  on  oonstant- 
potentlal  mains  are  in  an  unstable  condition  and 
are  liable  to  give  the  trtyable  yon  mention.  Since 
the  motors  are  in  series,  the  current  in  all  four  is  the 
same,  and,  if  they  are  exactly  the  same  in  design, 
the  torque  or  twisting  effbrt  exerted  by  each  wHl  be 
the  same.  If  their  loads  are  all  exactly  alike,  they 
will  be  in  equilibrium  and  will  run  at  the  same 
speed.  If,  however,  ttom  some  cause  or  other,  say  a 
slight  increase  in  fHotion,  the  load  on  one  beoomes 
greater  than  that  on  the  others,  it  will  slow  down 
some,  thus  lowering  its  counter  B.  M.  F.,  throwing 
more  pressure  across  the  remaining  motors,  and  In- 
creasing their  speed.  If  the  motors  are  to  mn  at  the 
same  speed,  they  must  all  be  kept  in  the  same  con- 
dition, and  even  then  the  speeds  are  liable  to  change 
more  or  less,  because  it  is  hard  to  avoid  smmll  in- 
equalities of  load.  The  only  way  to  m&ke  sach 
motors  connected  in  this  manner  act  stable,  is  to 
have  them  all  coupled  together,  which  is  not  possi- 
ble in  the  case  of  fian  motors.  You  might  examine 
the  faulty  motor  and  see  whether  there  is  any  undue 
faction  about  it  or  whether  its  blades  are  set  at  the 
same  angle  as  the  others.  Perhaps  by  setting  its 
blades  at  a  slightly  smaller  angle,  you  will  be  able 
to  bring  np  its  speed.  The  above  assumes,  of  course, 
that  the  windings  of  the  motor  axe  in  good  condition. 


(396)  If  two  balls  made  of  the  same  material  are 
dropped  at  the  same  instant  from  the  same  height, 
whicn  wUl  strike  the  ground  first,  one  ball  weigtung 
1  lb.  and  the  other  100  lb.? 

H.  B.  F.,  Jersey  City,  N.  J. 

Ans.— Neglecting  the  resistance  of  the  air,  both 
will  strike  at  the  same  instant.  For,  consider  lOO 
lib.  balls  to  be  made  firom  the  100-lb.  ball;  if  all  are 
dropped  at  the  same  instant,  all  will  strike  at  the 
same  instant.  The  same  would  be  true  if  all  the 
balls  were  fastened  together,  or  if  they  were  all  east 
in  one  100-lb.  ball. 
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I^ieut.  Charles  A.  Foster,  U.  S.  K. 

NoTSB  From  the  Log  op  a  Naval  Officer — A  City  Founded  7,000  Years  Ago — The 
Porcelain  Tower  and  the  Arsenal 


EARLY  in  the  month  of  February,  1890, 
the  XT.  S.  S.  Monocacy,  Commander 
M.  L.  Johnson  commanding,  in  obedi- 
ence to  orders  from  Rear-Admiral  Geo.  £. 
Belknap,  our  commander-in-chief,  proceeded 
fix>m  Chinkiang  to  Nanking  in  order  to 
make  an  official  visit  to  the  celebrated 
Tseng-Kwo-Chuan,  Viceroy  of  the  two  prov- 
inces of  Kiang-Su  and  Au-Whei,  and  urge 
him  to  settle  the  claims  of  American  mission- 
aries at  that  place  for  damages  committed 
by  a  Chinese  mob  to  mission  property.  Gren. 
A.  C.  Jones,  the  United  States  consul  at 
Chinkiang;  P^re  Chevalier,  the  head  of  the 
Jesuit  missions  on  the  Yang-tse-Kiang;  and 
Mr.  Wan  Bing  Chung,  a  very  intelligent 
Chinese  gentleman  who  had  been  educated 
at  Worcester,  Mass.,  and  acted  as  interpreter 
to  the  U.  S.  Consulate  at  Chinkiang,  accom- 
panied us. 

We  steamed  up  the  Yang-tse-Kiang,  pass- 
ing numerous  junks  and  river  craft.  The 
banks  of  the  river  were  covered  with  a 
thick  growth  of  tall  reeds,  which  were 
being  cut  and  stacked  for  use  as  fuel.  At 
times  we  passed  through  reaches  black 
with  wild  fowl,  principally  geese,  teal,  and 
mallards.  The  birds  seemed  fat  and  lazy, 
and,  as  we  came  along,  appeared  to  rise 
only  from  compulsion,  in  heavy  clouds,  the 
beating  of  their  wings  being  like  the  sound 
of  distant  thunder.  We  amused  ourselves 
by  giving  several  short  sharp  blasts  with 
the  steam  whistle,  which  would  cause  them 
to  rise  vertically  upward  for  a  height  of 
several  hundred  feet.  Early  that  evening 
we  moored  the  ship  a  short  distance  below 
the  ancient  city  of  Nanking. 

Nanking  is  situated  on  the  right  bank  of 
the  Yang-tse-Kiang  River,  44  miles  above 
Chinkiang,  198  miles  from  Shanghai,  and  230 


miles  from  the  sea.  Until  the  commencement 
of  the  16th  century,  it  was  the  metropolis  and 
capital  of  the  Chinese  Empire,  for  which, 
from  its  position,  it  was  eminently  adapted. 
Its  history  is  lost  in  the  dim  twilight  of  the 
past.  First  occupied  by  a  wild  tribe,  it  be- 
held eight  dynasties  pass  away.  According 
to  Chinese  chronology,  its  birth  took  place 
7,000  years  ago,  and  it  had  at  one  time 
4,000,000  inhabitants.  The  remains  of  its 
ancient  wall  can  be  traced  for  35  mileR  in 
circumference,  testifying  to  its  former  mag- 
nificence. The  present  city  is  surrounded 
by  a  wall  of  irregular  shape,  17  miles  in  cir- 
cuit. This  wall  is,  in  jiHacea,  from  50  to 
70  feet  in  height  and  30  feet  in  thickness  at 
the  base.  All  but  six  of  its  seventeen  gates 
have  been  walled  up.  There  is  much  waste 
land  within  the  city,  the  inhabited  portion 
lying  toward  the  east,  some  4  miles  from 
the  river. 

On  the  removal  of  the  capital  to  Peking  by 
the  Manchus,  Nanking  lost  its  prestige  and 
began  to  decline,  although  its  monuments, 
libraries,  and  institutions  of  learning,  to- 
gether with  its  commerce  and  manuflMstures, 
made  it  an  important  city.  It  was  stormed 
by  the  Taepings,  March  19,  1853,  and  the 
city  was  held  by  them  until  the  **  ever  vie* 
toriouB  army,"  under  '*  Chinese  Gordon,"  of 
Khartum  fame,  crushed  the  Taepings  in  their 
outlying  strongholds  and  joined  the  imperial 
army  under  the  celebrated  Viceroy  Tseng- 
Kwo-Fan.  They  carried  it  by  assault, 
July  19,  1864.  On  its  recapture,  it  was 
converted  to  its  former  position  as  the 
seat  of  the  viceregal  government. 

The  Taepings  destroyed  many  of  its 
ancient  monuments,  among  them  the  cele- 
brated porcelain  tower,  or  pagoda.  The  city 
has  far  from  recovered  from  so  many  years  of 
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strife  and  bloodshed.  Its  principal  mann- 
factures  are  satin  and  velvet.  The  manu- 
facture of  the  so-called  '^  nankeen,"  which 
made  the  name  of  the  city  so  famous  all 
over  the  world,  has  almost  altogether  ceased. 

At  8  o'clock  in  the  morning  after  our 
arrival,  we  saluted  the  Chinese  flag  with 
twenty-one  guns  and  His  Excellency,  the 
Viceroy,  with  seventeen  guns,  the  salutes 
being  returned  from  the  fort  on  shore. 
Shortly  afterward  a  mandarin  with  a  small 
gunboat  was  sent  by  the  Viceroy  to  convey 
the  consul  and  the  captain  and  his  officers 
to  the  city.  The  party,  of  which  I  was  a 
member,  left  the  ship  at  10  a.  m.,  the  consul 
being  saluted  with  nine  guns  as  we  left  the 
vessel.  The  gunboat  was  a  small  affiur, 
manned  by  soldiers  and  armed  with  a  small 
gun  in  the  bow.  It  had  a  poop  cabin  for  the 
accommodation  of  officials,  and  was  of  the 
class  frequently  met  with'  on  the  Yang-tse- 
Kiang,  and  used  as  river  guards.  The  party 
having  landed,  proceeded  to  the  French  mis- 
sion, where  we  had  luncheon,  and  then  called 
on  the  Taotai,  or  governor  of  the  city,  and 
arranged  with  him  for  an  audience  with  the 
Viceroy  at  10  o'clock  the  next  day. 

The  long  distances  to  be  traversed  and  the 
time  required  to  make  official  visits  made  it 
almost  a  necessity  to  remain  on  shore  over 
night,  and  the  fact  that  there  were  no  public 
accommodations  made  this  very  inconve- 
nient. We  were  relieved  from  this  dilemma, 
without  any  solicitation  on  our  part,  through 
the  kindness  of  the  Fathers  of  the  French 
mission,  who  placed  their  domicile  at  our 
disposal,  we  becoming  the  recipients  of  their 
generous  hospitality  during  our  stay  in 
Nanking.  Their  present  mission  house 
occupies  the  same  ground  as  that  first  granted 
to  Pdre  Ricci,  S.  J.,  some  250  years  ago. 

The  following  morning,  February  6,  Gen- 
eral Jones,  Captain  Johnson,  and  the  officers 
of  our  party,  accompanied  by  Pdre  Chevalier 
and  Mr.  Wan,  left  the  mission  in  covered 
sedan  chairs,  escorted  by  a  dignified-looking 
mandarin  and  a  guard  of  Chinese  soldiers. 
Chinese  etiquette  requires  all  ceremonial 
visits  to  be  made  in  sedan  chairs;  to  go 
in  any  other  way  would  be  to  lose  caste 
—in  fjBct,  visitors  so  going  would  not  be 
received.  Everywhere  along  our  route  we 
saw  the  evidence  of  extreme  misery  and 
destitution.  On  arriving  in  front  of  the 
gates  of  the  palace,  we  were  detained  for 
a  few  moments  and  soon  found  ourselves 
the  center  of  attraction  for  a  curious  crowd 
of  the  poorer  class  of  Chinese  who  had  gath- 
ered to  see  the  "foreign  devils."    The  gates 


being  thrown  open,  we  were  carried  into 
the  outer  court,  where  we  left  our  chairs, 
and  were  conducted  through  a  succession 
of  courts  to  the  inner  one,  where  we  were 
received  by  the  Taotai  Lin,  who  ush«^  us 
into  the  presence  of  Tseng-Kwo-Chuan, 
Viceroy  of  the  provinces  of  Kiang-Su  and 
Au-Whei. 

The  Viceroy  is  a  member  of  the  celebrated 
family  of  Tseng.  He  is  a  brother  of  the 
conqueror  of  Nanking,  and  also  of  Viceroy 
Tseng-Kwo-Fan;  his  nephew  was  the  late 
Marquis  Tseng,  at  one  time  the  Chinese 
ambassador  to  England.  Himself  a  distin- 
guished soldier,  he  held  a  command  under 
his  brother,  the  Viceroy  Tseng- Kwo-Fan, 
and  led  the  assault  in  person  which  led 
to  the  fall  of  Nanking;  but,  according  to 
Chinese  etiquette,  his  elder  brother  received 
the  honors  won  by  the  younger,  who  at  the 
time  of  our  visit  was  suffering  from  wounds 
received  at  that  time.  After  the  usual  inter- 
change of  compliments,  the  Viceroy  invited 
us  to  partake  of  a  breakfast  prepared  for  us 
in  his  summer  pavilion  at  the  Mok  Chau 
Lake,  requesting  that  we  should  excuse  his 
presence  on  account  of  ill  health  and  saying 
that  his  friend  the  Taotai  Lin  would  repre- 
sent him  at  the  entertainment  The  audi- 
ence then  ended  and  we  withdrew. 

Entering  our  chairs,  we  left  the  palace 
and  were  escorted  to  the  pavilion,  our  way 
lying  through  dirty  narrow  streets,  thronged 
by  crowds  of  miserable  beggars  of  all  ages. 
Many  of  them  were  so  ragged  that  it  seemed 
a  miracle  that  their  rags  held  together.  As 
we  neared  our  destination,  their  numbers 
increased  until  we  arrived  at  the  gates  of  the 
pavilion  grounds,  where  a  multitude  of  some 
thousands  of  these  poor  wretches  were 
assembled  and  were  kept  within  bounds  by 
the  soldiery. 

We  learned  that  the  "Viceroy's  poor" 
were  gathered  in  camp  along  the  banks  of 
the  lake.  To  relieve  their  necessities,  the 
Viceroy  issued  rice  tickets  to  130,000  poor 
every  five  days.  I  was  informed  that  in 
many  cases  the  very  poorest  people  were  not 
so  favored,  as  some  of  the  officers  appointed 
to  inquire  into  their  condition  and  take  the 
census  of  those  requiring  assistance,  took 
the  names  of  those  only  who  were  able  to 
pay  something  for  the  accommodation.  The 
poor  were  to  be  subsisted  until  April  or  May 
and  then  turned  out  to  shift  for  themselves. 
These  people  did  not,  for  the  most  part, 
belong  to  the  province  of  the  viceroyalty, 
but  numbers  of  them  had  swarmed  in  from 
the   now  barren   districts  of  the   Yellow 
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Riy6r,«iiiade  desolate  by  its  fearfdl  inimcUi- 
tion.  The  poor,  as  stated  by  Taotai  Lin, 
"came  and  gathered  like  the  birds  of  the 
air."  With  snch  harrowing  sights  to  be  met 
with  in  the  Chinese  Empire,  it  is  no  wonder 
that  wild  rumors  fly  about  predicting  the 
downfall  of  the  present. dynasty. 

The  Viceroy's  pavilion  is  pleasantly  situ- 
ated, its  spacious  verandas  overlooking  the 
lotos-covered  waters  of  the  Mok  Chau 
Lake,  so  called  after  a  famous  beauty  who 
flourished  some  centuries  ago.  Her  name, 
Mok  Chan,  means  *'no  sorrow.'' 

The  Taotai  Lin,  Tso-Yu,  is  the  lifelong 
friend  of  the  Viceroy  Tseng,  and  is  some- 
what of  a  Poo-Bah,  holding  eight  different 
offices,  among  them  that  of  General  Chief 
Secretary  of  Foreign  Affiurs,  and  Inmiediate 
Expectant  Taotai  of  the  Second  Rank.  He 
was  a  shrewd  fine-looking  man,  seemingly 
much  younger  than  his  67  years  would 
warrant.  His  manners  were  agreeable,  and 
his  hearty  laugh  and  genial  manners  bespoke 
good  fellowship.  He  wore  an  elegant  sable 
robe,  and  around  his  neck  was  a  magnificent 
necklace  of  coral,  amber,  and  jade  beads  of 
large  size.  He  was  well  read,  and  in  con- 
versation expressed  his  admiration  for  the 
military  genius  of  Napoleon  and  Washing- 
ton. The  Taotai  has  had  five  wives  without 
being  a  polygamist,  and  is  the  father  of  nine 
sons  and  nine  daughters,  all  of  whom  are 
living.  The  courses  consisted  of  the  usual 
Chinese  delicacies,  pigeons'  eggs,  sharks'  fin 
soup,  various  meats,  preserved  eggs  300 
years  old,  which  our  consul  said  belonged 
to  the  Ming  dynasty  (let  me  say  that  they 
looked  it),  and  other  luxuries  too  numerous 
to  mention.  Claret,  samshu  ( distilled  spirits 
made  from  barley),  and  champagne  were 
also  served.  The  samshu  was  a  very  strong 
and  potent  article. 

After  a  very  pleasant  entertainment,  the 
Taotai  appointed  the  hour  of  9  o'clock  in 
the  morning  of  the  next  day  as  the  time  for 
making  his  return  visit  as  the  representative 
of  the  Viceroy.  We  then  took  our  departure, 
the  party  returning  to  the  ship  with  the 


exception  of  Ensign  Logan  and  myself,  who, 
accepting  the  hospitality  of  the  mission, 
remained  behind  in  order  to  visit  the  Chinese 
arsenal. 

The  arsenal  occupied  a  space  of  some  ten 
acres,  in  extent.  The  buildings  were  of 
brick  and  in  good  repair.  The  estimated 
value  of  the  plant  is  $200,000.  This  arsenal 
supplies  three  provinces.  We  saw  them 
manufacturing  Krupp  six-pounder  steel 
breech-loading  howitzers,  and  Gratling  and 
Nordenfeldt  machine  guns.  The  superin- 
tendent, foremen,  and  all  employes  were 
Chinese,  and  10  houra  constituted  a  day's 
work.  From  700  to  1,000  men  were  em- 
ployed, the  price  of  labor  ranging  from  $3.00 
to  $50.00  a  month,  the  last  rate  beiug  for 
skilled  labor.  The  first  and  fifteenth  days  of 
the  month  are  given  as  holidays.  The  iron 
and  steel  used  was  made  from  native  ores 
at  the  arsenal,  but  the  tools  and  machinery 
were  of  English  manufacture. 

The  arsenal  grounds  indude  the  site  of 
the  celebrated  porcelain  tower  that  was 
destroyed  by  the  Taepings,  no  vestige  of  it 
now  remaining.  This  pagoda  was  built  in 
1413-32  A.  D.,  by  the  Emperor  Yungkoh,  in 
commemoration  of  his  mother.  It  was  322 
feet  in  height,  slightly  tapering,  and  con- 
sisted of  nine  stories,  each  provided  with  a 
gallery  and  a  projecting  roof,  from  the 
comers  of  which  bells  were  suspended.  In 
the  interior,  a  spiral  staircase  led  to  the 
summit,  which  was  surmounted  by  an  ele- 
gant spire,  on  top  of  which  rested  a  ball  of 
brass  plated  with  gold. 

Keturning  to  the  mission,  we  remained 
there  over  night  The  next  morning,  by 
invitation,  P^re  Chevalier,  Mr.  Logan,  and 
myself  accompanied  Taotai  lin  on  his  visit 
to  the  ship,  where  he  was  entertained  at 
breakfast  by  the  captain  and  his  officers. 
After  breakfast  he  was  shown  over  the  ship, 
and,  on  leaving,  a  salute  of  twenty-one  guns 
was  fired  in  his  honor. 

The  next  morning  we  got  under  way, 
returning  to  Chinkiang,  where  we  arrived  at 
11  o'clock  that  forenoon. 
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LITTLE  more  than  two  decades  ago  a  ten- 
story  building  was  a  cariosity  and  a 
wonder  to  all.  It  waa  the  place  from  the 
top  of  which  the  stranger  within  the  gates 
ooold  gaze  on  the  busy  life  spread  out  like  a 
panorama  at  his  feet.  Today,  on  the  roof  of 
such  a  building  situated  in  the  center  of  an 
American  metropolis,  one  would  feel  as 
though  at  the  bottom  of  a  chasm,  for  on 
every  side  nothing  can 
be  seen  but  the  high 
and  usually  unbroken 
window-pierced  walls 
of  structures  that  can 
well  be  termed  19th- 
century  giants.  The 
large  cities  are  not  the 
only  localities  in  which 
such  masterpieces  of 
architecture  and  con- 
struction can  be  seen, 
for  no  ambitious  pro- 
vincial town  is  com- 
plete without  at  least 
one  such  building.  In 
size,  these  towering 
structures  rival  those 
wonders  of  the  ages, 
the  Egyptian  temples 
and  Gothic  cathedrals, 
but  they  are  of  such 
unusual  construction, 
compared  with  the 
ancient  and  medieval 
prototypes,  that  they 
have  brought  about 
new  conditions, 
which  have  been  met 
and  successfully  com- 
bated by  an  evolutionary  process  placed  in 
operation  some  fifteen  or  twenty  years  ago, 
when  what  is  known  as  akeldon  construction 
was  originated. 

Skeleton  construction  in  its  literal  mean- 
ing can  hardly  be  called  a  modern  innova- 
tion, for  the  old-fashioned  half-timbered 
structures  in  such  evidence  throughout  Con- 
tinental Europe  and  elsewhere  across  the  sea 
are  just  as  truly  types  of  a  structural  frame- 
work filled  in  or  covered  with  a  screen,  as  is 
our  most  modem  office  building;  hence,  the 


There  Is  but  One  Thing  to  do,  and  That  Is  to 
Build  Upward,  Adding  Story  Upon  Story  " 


architects  and  engineers  who  are  so  much 
exercised  as  to  the  first  constructor  of  this 
type  of  building  should  not  look  toward 
Chicago  or  New  York,  but  to  the  practice  in 
the  old  world  in  the  16th  and  17th  centuries. 
To  the  American  architect  or  engineer,  how- 
ever, is  undoubtedly  due  the  credit  of  intro- 
ducing the  extensive  use  of  steel  in  skeleton 
construction,  and  consequently  the  opening 
up  of  possibilitiea  in 
the  way  of  gigantic 
structures  that  com- 
pare in  size  with  an- 
cient engineering  and 
architectural  work, 
and  this,  too,  at  a  cost 
that  admits  of  their 
being  erected  in  this 
age  of  economy  and 
utility. 

From  the  very  Act 
that  these  modern 
giants  are  built  with- 
in a  reasonable  cost, 
they  lack  the  solidity 
that  was  such  an  evi- 
dent feature  of  medie- 
val and  ancient  archi- 
tecture. They  are,  to 
the  classical  student, 
works  of  architectural 
d  ishonesty .  They  are 
deceptions  to  his 
trained  eye,  which  has 
been  educated  in  the 
proportioning  of 
masses  of  masonry  re- 
lying on  its  own  un- 
yi  el  ding  strength, 
without  the  reenforcement  and  support  of  a 
metal  backbone.  He  feels  that  the  first 
principle  of  art  is  honesty,  and  rebels 
against  these  products  of  the  utilitarian  and 
economist. 

In  the  evolution  of  the  world's  progren, 
possibility  has  usually  followed  cloee  in  the 
footsteps  of  necessity.  The  concentration  of 
business  in  one  locality  of  the  great  dties 
increases  the  price  of  building  sites  to  such 
extravagant  figures  that  capitalists,  in  order 
to  realize  on  their  investments,  must  look 
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around  for  a  remedy.  There  is  but  one 
thing  to  do,  and  that  is  to  build  upward, 
adding  story  upon  story,  reaching  heights 
limited  only  by  the  boldness  of  the  designer. 
Such  heights  might  have  been  reached  by 
the  old  method  of  construction — ^that  of  sup- 
porting all  the  weight  upon  masonry  walls 
and  partitions — ^but,  by  the  employment  of 
this  system,  walls  of  such  thickness  and 
solidity  would  be  demanded  that  the  struc- 
tures would  have  been  hardly  more  than 
monumental  obelisks,  pierced  at  intervals 
with  narrow  and  deeply  recessed  openings. 

It  was  quite  evident  to  the  architects  and 
engineers  that  solid  masonry  walls  would 
not  do;  it  was  necessary  to  use  some  other 
material  and  to  support  the  weights  in 
another  manner.  Iron,  or,  better  stiD,  steel, 
which  was  becoming  cheaper  and  cheaper 
each  year,  was  looked  to  for  the  solution  of 
the  problem.  The  use  of  this  material  o£fered 
advantages  that  were  of  the  greatest  impor- 
tance: Through  its  strength  and  reliability 
any  height  of  building  could  be  attained;  on 
account  of  the  thin  walls  made  possible,  a 
maTJmum  economy  in  floor  area  is  gained; 
and,  since  the  weight  of  the  building  and 
the  loads  on  the  floors  are  supported  by  the 
columns,  the  space  taken  up  by  the  masonry 
in  the  old  method  of  construction  could  be 
utilised  for  the  necessary  number  and  size 
of  window  openings.  Another  advantage, 
and  one  that  cannot  be  lightly  regarded 
when  the  building  is  being  erected  in  a 
crowded  thorough&re  where  the  loss  in 
rental  for  a  month  or  two  means  thousands 
of  dollars,  is  the  rapidity  and  facility  of 
erection. 

The  great  principle  of  steel  construction, 
as  compared  with  the  old  system  of  building, 
is  that  all  the  loads  on  the  floors—in  fact, 
the  entire  weight  of  the  buildings— are  con- 
centrated on  the  foundation  through  the 
columns.  In  the  old  type  of  construction, 
the  problem  was  to  distribute  the  weight  of 
the  building  on  footings  extending  through- 
out the  length  of  the  walls,  both  exterior 
and  interior.  Skeleton  construction  concen- 
trates the  loads  on  piers  or  isolated  founda- 
tions, the  foundations  being  proportioned 
accurately  for  the  load  on  them.  This  ren- 
ders the  foundation  problem  more  definite, 
and,  to  some  extent,  more  simple;  for  the 
settlement  is  reduced  to  a  uniformity,  and 
enormous  strains  due  to  unequal  settlement 
are  unknown  with  carefully  designed  isolated 
foundations. 

The  walls  in  the  new  construction  cease  to 
be  a  structural  feature,  becoming  a  curtain 


or  a  screen  for  the  purpose  of  providing 
shelter  and  an  architectural  surface.  These 
walls,  not  more  than  16  inches  thick  and 
frequently  less,  often  built  of  light  terra- 
cotta, are  supported  not  directly  from  the 
foundation  up,  but  on  steel  beams  secured  to 
the  columns  at  each  floor.  Not  having  great 
weight  to  sustain,  such  walls  can  be  pierced 
with  wide  window  openings  at  short  in- 
tervals, which,  on  account  of  the  shallow 
recesses,  admit  a  maximum  amount  of  light 
to  the  interior,  an  important  consideration 
in  a  building  occupied  by  numerous  pro- 
fessional men  and  derks.  Since  these  light 
walls  are  supported  at  each  floor,  it  is  not 
necessary  in  erection  that  the  masonry 
should  begin  at  the  foundation,  and  it  is  not 
an  unusual  thing  for  the  observer  to  see  an 
office  building  with  the  upper  ten  stories 
apparently  completed,  walls,  cornices,  crest- 
ings,  and  all,  propped  up  on  the  great  steel 
frame,  which  looks  as  though  it  was  ready 
to  walk  away.  In  concentrating  the  entire 
load  of  the  building  on  the  columns,  heavy 
interior  walls  can  be  omitted  and  the  floors  of 
the  building  may  be  partitioned  o£f  in  any 
desirable  manner.  It  can  thus  be  seen  that 
the  use  of  steel  as  a  framework  for  high 
buildings  gives  greater  economy  of  floor  area, 
increased  lighting  facilities,  and  larger  oppor- 
tunity in  the  arrangement  of  rooms  than  the 
old-style  construction  could  possibly  have 
done. 

It  is  not  strange  that  the  new  system 
of  construction  should  have  its  birth  and 
rapid  growth  m  the  energetic  West  rather 
than  in  the  conservative  East,  and  nowhere 
can  the  evolutionary  process  that  produced 
the  high  buildings  be  traced  so  clearly  as 
in  Chicago.  This  city,  it  would  seem,  con- 
tained the  conditions  that  demand  the  boldest 
efibrts  of  its  architects  and  engineers,  and 
they  deserve  the  greatest  amount  of  credit 
for  the  pioneer  work  that  has  been  done  to 
develop  steel  construction.  While  it  is  true 
that  the  West  was  bolder  and  more  rapid  in 
the  conception  and  execution  of  these  great 
structures,  it  can  hardly  be  said  that  it  pro- 
duced the  best  examples;  for  the  East,  with 
its  greater  wealth  and  conservatism,  supplied 
the  fineness  in  details  that  makes  the  high 
office  buildings  in  this  section  of  the  country 
the  summum  per/ectionis  of  the  new  type  of 
construction. 

In  the  design  of  these  great  structures,  three 
difficult  problems,  besides  numerous  minor 
ones,  came  up  for  solution  almost  simul- 
taneously. The  first  was  the  question  of 
foundations,  which,  on  account  of  the  great 
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"Second  Only  to  the  Foundation  Pboblem  Was 
That  op  Wind  Bracing" 

weight  concentrated  on  iBolated  piers,  must 
necessarily  offer  great  bearing  surface.  The 
second  was  that  of  wind  bracing,  for  many 
of  the  stnictures  rearing  high  in  the  air 
above  the  neighboring  buildings  were  narrow 
and  often  offered  large  blank  surfaces  to  the 
force  of  the  wind.  The  third  great  problem, 
and  one  that,  in  the  opinion  of  many  engi- 
neers, is  far  from  a  satisfactory  solution  today, 
was  that  of  fireproofing. 

The  careful  consideration  required  in  the 
construction  of  the  foundations  necessary  to 
support  the  great  loads  of  such  tall  build- 
ings was  due  to  the  concentration  of  the 
weight  from  large  floor  areas  on  isolated 
piers,  the  only  supports  of  the  structure. 
Owing  to  the  great  loads,  far  more  than  were 
ever  imposed  in  the  old  type  of  construction, 
very  careful  inspection  of  the  soil  was  neces- 
sary in  order  that  its  bearing  properties 
might  be  ascertained.  The  ideal  bearing 
stratum  from  which  to  commence  the  founda- 
tions was  hard  pan  or  rock.  Many  locali- 
ties were  not  fortunate,  however,  in  having 
such  strata  near  enough  to  the  surface  to 
make  it  practicable,  and  the  ingenuity  of  the 
constructor  was  taxed  to  provide  adequate 
support  for  the  great  superimposed  structure. 
Chicago,  the  birthplace  of  the  tall  building, 
was  particularly  unfortunate  in  possessing 
an  upper  stratum  of  compact  clay  on  a 
yielding  stratum  of  loam  and  quicksand 
containing  soft  and  spongy  pockets. 

The  use  of  piling  in  order  to  transfer  the 
weights  to  the  substratum  of  rock  was  prac- 
tically impossible  in  this  locality,  because  [of 
the  great  distance  from  the  top  soil  to  this 
secure  foundation.  To  attempt  to  improve 
the  bearing  value  of  the  soil  by  ddving 
piles  that  did  not  reach  the  hard  stratum  was 
found  to  be  useless,  for  the  reason  that  when 
the   comparatively   shallow   and    compact 


upper  clayey  stratum  was  broken  through 
by  piling,  its^^bearing  value  was  diminished 
rather  than  increased.  There  seemed  to  be 
but  one  thing  to  'do,  and  that  was  to  float 
the  buildings  on  rafts  formed  of  cross-layers 
of  steel  rails  or  I  beams,  well  surrounded 
and  embedded  in  concrete,  which  provided 
not  only  a  resisting  medium  through  which 
the  rails  and  beams  transferred  their  load 
to  the  soil,  but  it  insured  the  steelwork 
against  the  corrosion  that  was  sure  to  take 
place  if  it  were  not  protected  in  some  way 
against  the  moisture  that  always  exists  in 
such  soils.  This  style  of  foundation,  whicii 
is  known  generally  as  spread  and  particularly 
as  grUiagef  was  the  outcome  of  the  demand 
for  the  adequate  support  of  the  enormous 
superimposed  weight  created  the  modem 
high  building. 

The  grillage,  or  spread,  foundation,  while 
characteristic  of  the  building  erected  along 
the  lines  of  skeleton  construction,  was  not 
by  any  means  the  only  type  used;  for,  on 
account  of  the  premier  importance  of  reliable 
foundation,  the  constructor  devoted  much 
thought  to  this  part  of  the  structure,  and 
the  result  was  the  adaptation  of  several  old 
ideas  and  the  origination  and  execution  of 
many  new  ones.  Among  these,  probably 
the  one  most  frequently  used  is  that  known 
as  the  caisson.  These  foundations  consist 
usually  of  steel  cylinders,  or  caissons,  which 
are  sunk  by  various  methods  through  the 
soft  upper  strata  until  they  come  to  a  bear- 
ing on  the  solid  rock  or  hard  pan.  The 
interior  of  the  cylinder,  which  has  been 
excavated  in  the  process  of  sinking,  is  then 
flUed  with  concrete,  which,  when  set,  fonns 
a  solid  monolithic  pier  reenforced  by  the 
steel  cylinder,  and  is  capable  of  sustaining 
almost  as  much  weight  as  can  be  brought 
to  bear  on  it. 

Second  only  to  the  foundation  problem 
was  that  of  wind  bracing;  for,  though  the 
solution  could  readily  have  been  arrived  at 
in  some  fashion,  the  question  was  how  to 
do  so  economically  and  in  such  a  manner 
as  not  to  interfere  with  the  planning  or  the 
arrangement  of  the  interior  of  the  building. 
The  wind,  as  we  all  know,  blows  with  con- 
siderable force — a  force  that  at  times  is 
irresistible — and  it  is  generally  conceded  that 
the  velocity  of  the  wind  is  greater  some  dis- 
tance from  the  ground,  though  such  is  not 
by  any  means  always  tiie  case.  It  is,  how- 
ever, an  accepted  fact  among  engineers  that 
a  wind  pressure  of  30  pounds  to  the  square 
foot  occurs  in  most  localities  at  fluent 
intervals,  and  that  it  often  reaches  40  pounds 
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per  square  foot  BuildiDgs  constracted  in 
the  old  way  resisted  these  pressures  by  the 
inert  weight  of  their  walls  and  because  of 
their  moderate  height,  and  also  on  account 
of  the  exposed  surfaces  being  small  com- 
pared with  the  area  of  their  bases. 

It  is  quite  reasonable  to  suppose  that  no 
modem  building  of  great  height  is  rigid 
enough  to  topple  over,  for  the  light  walls 
will  crush  or  collapse  before  sufficient  force 
can  be  exerted  to  lift  the  great  weight  of  the 
structure  from  its  base.  All  the  accidents 
that  have  occurred  to  high  buildings  from 
wind  pressure  go  to  substantiate  this  reason- 
ing, and  it  has  been  demonstrated  that  the 
inertia  of  the  exterior  walls  of  a  building 
erected  on  the  principle  of  skeleton  oon- 
Btmction  cannot  be  depended  on  to  resist 
the  great  force  created  by  the  wind  when 
blowing  at  a  high  velocity.  This  latter  fact 
was  definitely  proved  by  an  accident  that 
happened  to  a  building  of  moderate  height 
in  New  York.  At  the  time  of  the  accident, 
the  ironwork  had  been  practically  com- 
pleted, and  the  brick  walls  were  finished 
to  the  top  of  the  eighth  story,  leaving  only 
the  bare  ironwork  of  two  stories  exposed  to 
the  wind.  The  building,  though  of  the 
skeleton- construction  type,  had  cast-iron 
columns  and  bolted  connections.  The  bolts 
did  not  fit  the  holes  accurately,  and  every 
connection  resembled  a  hinge  joint  with 
considerable  play.  When  the  building  had 
reached  this  stage  of  construction,  an  un- 
usually heavy  wind  storm  occurred,  and  on 
the  morning  after  the  storm,  to  the  surprise 
of  those  engaged  on  the  work,  it  was  found 
that  the  whole  structure  from  the  top  of  the 
fifth  story  upward  had  swung  over  to  the 
west,  so  that  the  top  was  11  inches  out  of 
plumb.  It  was  further  discovered  that  the 
ironwork  bad  swayed  over  until  the  slack 
bolts  and  other  loose  parts  had  come  to  a 
bearing  and  then  stopped.  The  building  to 
which  this  accident  occurred  was  of  very 
nearly  the  same  proportions  as  the  one 
shown  in  the  illustration,  and  was  simi- 
larly situated  with  reference  to  the  adjacent 
buildings. 

In  such  a  building,  while  a  system  of 
wind  bracing  is  hardly  required,  some  atten- 
tion should  be  paid  to  the  securing  of  rigid 
connections  in  the  beam  and  column  attach- 
ments. Since  bolted  connections  are  not 
rigid,  and  can  never  be  made  so,  only  well- 
riveted  joints  should  be  relied  on  in  such  a 
building.  Where  structures  of  less  than  ten 
or  twelve  stories  are  provided  with  well- 
constructed  transverse  partitions  and  rigid 


floor  systems,  they  are  undoubtedly  suf- 
ficiently stiff*  to  resist  any  wind  pressure 
that  may  come  upon  them;  but  with  build- 
ings of  greater  height,  there  is  a  liability  of 
lateral  motion,  not  only  from  the  wind  but 
from  vibrations  and  oscillations  from  other 
causes,  and  the  proper  bracing  of  such  build- 
ings is  a  problem  that  requires  the  greatest 
care  in  order  to  arrive  anywhere  near  the 
correct  solution. 

Three  methods  of  wind  bracing  that 
seemed  feasible  and  practical  presented 
themselves  to  the  designer  of  the  modern 
office  building.  The  first  system  that  was 
adopted,  and  one  that  answered  well  enough 
in  some  cases,  was  known  as  knee  bracing. 
This  consisted  in  placing  steel  struts  from  a 
system  of  floorbeams  to  the  adjacent  columns 
in  the  same  manner  that  the  comer  posts  of 
a  framed  house  are  constructed.  This  sys- 
tem, however,  has  the  serious  objection  of 
creating  bending  moments  in  both  the 
columns  and  the  beams,  which  must  be 
overcome  by  proportioning  these  members 
to  sustain  the  increased  transverse  strees. 
These  knee  braces,  instead  of  being  diagonal 
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"Where  Massive  Steel  Trusses  Support  the  Roof  Thby  Must 
Likewise  Be  Protected  by  Porous  Tile" 

members,  were  often  constructed  by  placing 
a  triangular  gusset  plate  in  the  comer  formed 
by  the  floorbeam  and  the  column,  the  hypot- 
enuse of  the  triangular  piece  being  reen- 
forced  and  stiffened  by  angles  back  to  back. 

The  diagonal  sway-rod  system,  which  is 
one  much  used  where  it  can  conveniently 
be  adopted,  offers  probably  the  simplest 
solution  to  the  problem  of  obtaining  reliable 
wind  bracing.  This  system  consists  of  run- 
ning a  tension  rod  diagonally  between  the 
foot  of  the  column  on  one  side  of  the  tier  to 
the  cap  of  the  column  opposite.  This,  of 
course,  only  takes  care  of  the  stresses  created 
when  the  wind  blows  from  one  side;  conse- 
quently, it  is  necessary  to  cross  this  diagonal 
with  another  in  the  opposite  direction.  The 
objection  to  these  sway  rods  is  that  they 
interfere  with  the  arrangement  of  the  par- 
titions and  with  door  openings  and,  in  some 
cases,  window  openings,  so  that  it  is  some- 
times impossible  to  adopt  this  method  of 
bracing. 

The  portal  bracing  is  similar  to  the  knee 
bracing,  and  is  simply  a  steel  arch  with  its 
accompanying  abutments  placed  between 
the  columns  and  floorbeams,  as  shown  in 
the  illustration.  This  system  of  bracing  has 
many  advocates  among  the  architectural 
engineers,  the  claim  being  that,  while  they 
are  hardly  as  cheap  as  sway  rods,  they  lend 
themselves  to  the  architectural  treatment  of 
the  interior,  and,  when  decoratively  plas- 
tered, they  have  the  appearance  of  a  symmet- 
rical and  well-proportioned  arched  opening. 
The  difficulty  of  proportioning  the  members 
in  any  of  these  systems  lies  in  the  fact  that, 


in  considering  the  rigidity  of  the 
steel  frames,  the  resistance  of 
the  floors  and  partitions  to  lat- 
eral movement  is  an  unknown 
and  indeterminate  factor.  The 
safest  and  most  reasonable 
method  of  figuring  would  there- 
fore seem  to  be  to  disregard  such 
factors  as  these  and  to  propor- 
tion the  bracing  to  carry  the 
entire  load  created  by  horizontal 
wind  bracing.  This  latter 
method,  while  not  the  more 
economical,  is  at  least  the  surer 
and  safer,  and  should  be  adopted 
wherever  the  cost  will  allow. 

It  became  imperative  with  the 
advance  in   steel   construction 
that  adequate  means   of  fire- 
proofing  should  be  provided.    It 
was  very  evident  to  the  archi- 
tects and  engineers  that,  where 
the  building  depended   for  strength   and 
support  on  steel,  the  steel  must  be  pro- 
tected   in    case    of    fire.     The    structural 
members  of  the  building  were  of  steel,  a 
non-combustible  but  not  refractory  material. 
The  sections  composing  these  members  were 
not   of  great  thickness,  and   a  moderate 
degree  of  heat  would  quickly  cause  them  to 
become  red-hot,  destroying  their  strength, 
and,  at  the  same  time,  the  expansion  caused 
by  the  overheating  would  twist  and  wreck 
the  structure.    It  was  necessary,  therefore,  to 
protect  the  steelwork  with  the  most  refrac- 
tory materials  that  could  be  conveniently 
used.     This  problem  of  fireproofing  there- 
fore brought  forward  the  many  systems  of 
floor  and   partition  construction    now    in 
vogue. 

The  subject  of  fireproofing  was  one  that 
required  much  thought  and  careful  con- 
sideration, and  reliable  results  could  only  be 
arrived  at  by  experiments,  or,  better  still,  by 
close  inspection  and  investigation  of  all  fires 
that  occurred  in  buildings  of  the  so-called 
fireproof  class.  Much  has  been  said  to  show 
that  fireproof  buildings  are  so  in  name  only, 
and  that  no  construction  can  possibly  be 
fireproof.  It  has  been  pretty  clearly  demon- 
strated by  several  large  fires  that  have 
occurred  in  business  sections  that  the  fire- 
proof building  stands  while  its  neighbor  of 
different  construction  goes  down.  It  is  im- 
possible, of  course,  to  prevent  the  occur- 
rence of  fire  in  any  building,  for  there  is 
within  every  building  and  every  room  in 
the  building  sufficient  combustible  material 
to  create  considerable  heat.    The  fhmitore, 
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oBually  of  wood,  is  covered  with  combos- 
tible  yamish  oyer  which  the  fire,  once 
started,  will  pass  with  great  rapidity  and 
generate  considerable  heat  As  long  as  fire- 
proofing  material  clings  to  the  columns  or 
beams,  the  steelwork  is  comparatively  safe, 
and  even  where  the  steelwork  has  become 
greatly  heated,  it  has  not  been  found  to  be 
materially  damaged.  In  fact,  the  quality  of 
the  material  is  sometimes  better  than  it  was 
before,  since  it  has  gone  through  an  anneal- 
ing process. 

Any  fireproofing  material  must,  of  course, 
be  a  non-conductor  and  must  have  consider- 
able strength  in  order  to  resist  the  force  of 
the  water  from  the  fire  hose,  and  also  ex- 
oeseive  contraction  due  to  rapid  cooling.  It 
should  likewise  be  somewhat  elastic,  that  it 
may  go  and  come  with  the  expansion  and 
contraction  of  the  steelwork  which  occurs 
at  all  times  with  the  changes  of  tempera- 
ture. However,  this  expansion  and  contrac- 
tion is  not  as  great  as  it  might  at  first  appear, 
on  account  of  the  uniform  temperature  that 
is  usually  maintained  in  such  buildings 
throughout  the  year.  Not  only  must  the 
walls,  floors,  and  partitions  be  fireproof,  but 
where  massive  steel  trusses  support  the  roof, 
they  must  likewise  be  protected  by  porous 
tile,  wired  on  or  otherwise  secured  to  the 
steelwork,  the  joints  being  thoroughly  filled 
with  fireclay  or  fire-resisting  cement. 

While  the  modem  high  building  is  most 
eminently  adapted,  with  its  isolated  rooms 
and  fireproof  partitions,  to  resist  fire,  any 
such  construction  is  greatly  aided  by  an 
efficient  and  at  all  times  thoroughly  work- 
able system  of  fire  protection.  It  is  the 
skilled  designer  and  the  far-sighted  owner  of 
such  buildings  who  take  great  care  in  pro- 
viding fire  protection  to  place  roof  hydrants 
on  the  top  of  the  building,  in  addition  to 
the  usual  hydrants  and  hose  on  each  floor. 
The  roof  hydrants  furnish  excellent  means 
of  protection  from  adjacent  fires.  Not  only 
will  they  oftentimes  save  the  building  on 
which  they  are  located,  but  they  are  in- 
valuable in  protecting  adjacent  property. 


The  important  feature  of  all  such  indi- 
vidual fire  protection  is  that  the  apparatus 
shall  be  in  good  condition  in  the  time  of 
necessity.  Often  the  hose  is  rotten,  the 
pimips  are  stopped,  broken  down  or  un- 
coupled, and,  at  the  critical  moment,  the 
fkilure  of  one  part  of  the  system  is  the  failure 
of  the  whole. 

The  many  other  problems  that  the  con- 
structors of  these  modem  edifices  have  had 
to  solve  would  fill  several  volumes.  These 
problems  have  confronted  not  only  the 
architect  and  engineer,  but  also  the  sanitary 
engineer,  the  plumber,  the  machinist,  and, 
in  fact,  almost  all  those  engaged  in  the  in- 
dustrial sciences. 

These  buildings,  containing  as  many  as 
5,000  occupants  and  sending  out  as  much 
mail  matter  as  a  city  of  20,000  inhabitants, 
are  veritable  towns,  throbbing  with  life  and 
energy.  Their  basements  are  filled  with 
boilers,  engines,  and  electric-lighting  appa- 
ratus, refrigerating  plants,  and  elevator 
machinery.  Many  of  them  have  reserve 
coal  bunkers  that  carry  enough  fuel  for  an 
ocean  liner,  and  this  is  held  in  reserve  in 
case  of  strikes  or  other  delays  in  obtaining 
fuel. 

So  it  is  that  the  visitor  unused  to  the 
busy  life  of  a  great  city  is  inspired  with 
awe  on  entering  one  of  these  modem  towns 
under  a  single  roof.  From  the  basement, 
with  its  quick-moving  machinery,  to  the 
roof  garden  and  restaurant,  twenty-five 
stories  above  the  pavement,  all  is  strange 
and  wonderful.  More  wonderful  still  is  the 
man  with  the  phenomenal  memory  who 
stands  at  the  door  with  the  name  and  room 
number  of  each  of  the  5,000  occupants  at 
his  tongue's  end.  Not  so  strange,  perhaps, 
as  the  volume  of  business  that  is  carried  on 
in  one  of  these  great  buildings,  an  adequate, 
conception  of  which  can  be  gained  nowhere 
so  readily  as  when  one  stands  in  front  of  the 
mail  chute  and  sees  a  constant  stream  of 
letters  coming  down,  sometimes  in  flurries 
and  sometimes  so  continuous  as  to  lap  one 
another. 
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MODERN  ELECTRIC-LIGHT  WIRING 


Thomas  H.  Cooper 

The  Important  Points  to  be  Considbrbd — Wiring  Branch  Circuits—Panel  Boards— Iron 

Conduits  and  Porcelain  Work 


THERE  have  been  a  great  many  changes 
in  recent  years  in  electric-light  wiring, 
and  the  standard  at  present  is  so  much 
higher  than  it  was  a  few  years  ago  that  to 
do  the  work  properly  requires  some  inge- 
nuity as  well  as  mechanical  and  electrical 
knowledge.  While  the  electrical  work  in 
private  houses  and  buildings  in  general  is  as 
necessary  and  fully  as  complicated  as  in  any 
of  the  other  branches,  and,  if  improperly 
executed,  as  much  of  an  annoyance  and  an 
ever-existing  source  of  danger,  yet  very  little 
thought  is  given  to  it  by  the  average  archi- 
tect, who  allows  the  wireman  to  exercise  his 
own  judgment  to  a  great  extent. 

The  important  points  that  demand  atten- 
tion are:  the  number  of  lights  to  be  used; 
the  location  of  panel  boards  or  cut-outs  and 
switches,  the  laying  out  of  wires  to  the  best 
advantage  in  order  to  do  as  little  cutting  as 
possible,  save  material,  and  keep  the  circuits 
balanced,  and  the  style  of  work  best  adapted 
to  each  particular  case. 

If  the  current  is  to  be  taken  from  the  street 
conduits,  the  starting  point  is  at  the  service 
block.  Here  on  a  solid  wall,  a  loop  should 
be  left  in  the  mains  for  the  meter;  on  the 
feeding  side  of  the  meter  set  a  two-  or  three- 
wire  cut-out,  as  the  service  may  demand,  of 
sufficient  size  to  carry  the  full  load.  Run 
the  main  wires  from  the  cut-out  to  a  point  as 
near  the  center  of  distribution  as  the  dr- 
cnmstanoes  ¥rill  permit.  Choose  a  partition 
that  runs  from  ihe  first  floor  to  the  top  of 
the  building  and  marks  the  hall  line.  Run 
the  mains  in  this  partition  to  the  bottom 
of  the  bus-bars  of  a  panel  board  set  in  the 
wall  of  the  first  fioor,  and  from  the  top  of 
the  bus-bars  of  this  panel  board  to  the  bot- 
tom of  the  one  on  the  second  floor,  and  so 
on  to  the  other  floors,  ending  in  the  last 
panel  board. 

The  accompanying  illustration  shows  an 
up-to-date  panel  board  mounted  in  its 
casing.  This  particular  board  is  arranged 
for  three-wire  mains.  These  come  up 
through  the  partition  and  are  attached  to 
the  bus-bars  6,  6,  b  by  means  of  the  lower 
lugs.  The  mains  leading  to  the  upper 
floor  are  attached  to  the  upper  lugs.  The 
various  branch  circuits  pass  out  at  the  side, 


and  each  is  provided  with  a  small  double- 
pole  switch  8  and  enclosed  fiise/. 

Now  that  the  mains  are  in,  and  supposing 
the  panel  boards  to  have  been  properly 
designed,  we  have  on  every  floor  a  fuse  and 
double-pole  switch  conveniently  located  for 
each  circuit,  and  the  lines  are  properly  bal- 
anced as  to  load.  The  next  thing  to  look 
after  is  the  wuring  of  the  branch  circuits. 
These  start  from  their  respective  panel 
boards  and  should  run  as  straight  as  poasible 
to  the  outlet.  Judgment  must  be  exercised 
in  each  case  as  to  the  number  of  lights  each 
switch  should  control,  but  no  more  than  ten 
16candlepower  lights  should  depend  on  one 
pair  of  fuses.  By  this  method,  if  the  cir- 
cuits are  numbered  in  the  panel  board  and 
a  card  or  key  fastened  on  the  inside  of  the 
door,  each  circuit  can  be  controlled  without 
confusion,  and,  in  case  of  trouble,  the  de- 
fective circuit  can  be  located  at  once. 

To  find  the  size  of  wires  required  for 
mains,  divide  the  number  of  16-candlepower 
lamps  to  be  used  by  2;  this  will  give  the 
ampere  load  near  enough  for  practical  par- 
poses.  The  following  table  shows  the  amount 
of  current  allowed  by  The  National  Board  of 
Underwriters  for  each  size  of  wire: 

Carrying  Capacity  of  Wian 


B.&8. 
NO. 

Rabber^Govered 
Wires. 

Wires. 

Amperes. 

Amperes. 

18 

8 

5 

16 

6 

8 

14 

12 

16 

12 

17 

23 

10 

24 

82 

8 

38 

46 

6 

46 

65 

5 

54 

77 

4 

65 

tt 

3 

76 

110 

2 

90 

131 

1 

107 

156 

0 

127 

185 

00 

150 

220 

000 

177 

262 

0000 

210 

312 

This  table  is  perfectly  safe  to  follow  unless 
the  total  length  of  wire  is  very  long,  in  which 
case  the  number  of  volts  lost  must  be  taken 
into  consideration  and  the  size  of  conductors 
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increMed  in  proportion.  A  loss  of  2  or  3 
per  cent,  is  nsoally  figured  on.  It  is  not 
allowable  to  use  a  conductor  of  smaller  size 
than  No.  14,  B.  &  8.  gauge;  this  has  sufficient 
croasHBection  to  carry  the  fall  permissible 
load  for  each  branch  circuit  of  10  lamps. 

For  concealed  work,  we  can  choose  between 
iron  conduits  and  porcelain  work.  Con- 
duits are  the  best,  because  they  provide 
runways  that  allow  conductors  to  be  removed 
at  any  time  and  others  drawn  in.  Porcelain 
work  has  the  advantage  of  cheapness,  and,  if 


also  because  if  it  is  desired  to  chaoge  from 
direct  to  alternating  current,  no  inductive 
disturbance  will  take  place. 

In  all  conduit  installations,  the  straighter 
the  wires  are  run  the  better  will  be  the  job; 
but  since  long  spans  of  floorbeams  cannot  be 
cut,  it  will  be  found  necessary  to  use  bends 
and  elbows.  A  good  rule  to  follow  is  not  to 
have  more  than  four  bends  from  outlet  to 
outlet,  not  counting  elbows  at  the  outlets. 
At  every  outlet,  use  outlet  boxes  set  flush 
with  the  plaster  and  fastened  securely  to  a 
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properly  installed,  it  makes  a  very  good  and 
safe  job. 

There  are  two  systems  of  conduits,  one 
emplojring  a  separate  pipe  for  each  conductor, 
and  the  other  a  siogle  pipe  for  both  con- 
ductors. These  conduits  are  lined  and 
unlined.  With  those  lined  with  insulating 
material,  the  ordinary  rubber  and  single- 
braid  wire  can  be  used.  With  the  unlined, 
it  is  necessary  to  use  a  wire  with  a  second 
braid«cover  equal  in  thickness  to  the  lining 
of  the  insulateid  conduit  It  is  advisable  to 
use  the  unlined  single-pipe  system,  because 
of  its  cheapness,  the  ease  with  which  con- 
ductors may  be  inserted  and  removed,  and 


floorbeam  or  board  nailed  between  two  beams. 
The  whole  conduit  system  is  installed  with- 
out the  conductors,  which  are  drawn  in 
when  all  the  mechanical  work  on  the  bidld- 
ing  is  completed.  The  pipe  must  be  securely 
strapped  to  the  beams,  all  ends  reamed,  and 
the  joints  made  tight  with  white  lead.  The 
pipe  must  enter  all  outlet  boxes  and  be 
fastened  so  that  it  cannot  slip  back. 

In  porcelain  work,  these  hints  as  to  runs 
hold  good  also.  Splicing  of  conductors  should 
be  avoided,  and  can  be  in  a  great  many 
cases;  but  when  splices  are  made,  the  copper 
should  be  thoroughly  cleaned,  the  joint 
tightly  made  up  and  soldered,  all  acid  wiped 
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off,  and  the  joint  taped  until  an  insolation 
equal  to  that  of  the  wire  \b  secured.  Where 
lugs  are  used,  the  wires  must  be  soldered 
into  them.  It  will  be  found  to  be  much 
better  to  use  stranded  wires  instead  of  solid 
ones  in  the  larger  sizes,  say  from  No.  6  up. 
A  hardwood  box  lined  with  asbestos,  and 
with  a  door  closing  on  a  rabbet,  may  be  used 
instead  of  the  panel  board.  The  required 
number  of  cut-outs  and  switches  placed  in 
such  a  box  give  the  same  effect  at  less  cost 
than  a  regular  panel  board.  The  conductors 
enter  the  box  through  porcelain  tubes 
when  porcelain  work  is  employed,  and  the 
conduit  enters  the  box  in  th^  other  system. 

In  damp  places,  such  as  cellars,  breweries, 
etc.,  porcelain  work  is  the  best.  If  the 
ceiling  is  plastered,  painted  boards  carrying 
porcelain  knobs  or  deats  are  fastened  to  the 
ceiling  about  4  feet  apart,  and  these  support 
the  conductors  and  allow  a  free  circulation 
of  air.  If  cut-outs  are  installed  in  these 
places,  they  should  be  in  tight  fireproof 
boxes.  The  drops  should  be  fitted  with 
porcelain  or  mica  sockets  and  soldered  direct 
to  the  branch  wires. 

In  factories,  mills,  etc,  the  wiring  is  run 
open,  with  porcelain  cleats  placed  not  more 
than  4  feet  apart^  the  wire  passing  through 
partitions  and  floors  in  porcelain  tubes  and 
the  risers  being  run  in  molding;  the  cut-outs 
and  switches  are  grouped  in  asbestos-lined 
boxes  on  the  side  walls.  The  drops  consist 
of  cleat  rosettes  fused  and  backed  with 
asbestos,  lined  key  sockets,  and  cotton-cov- 
ered flexible  cord.  This  installation  is  neat, 
cheap,  satisfactory,  and  is  easily  accessible. 


In  this  work,  cut-outs  must  be  set  where- 
ever  a  smaller  wire  leaves  a  larger  one,  and 
the  cut-outs  fused  to  protect  the  smaller 
wires.  Solid  taps  may  be  made  on  the  same 
size  of  wires.  Where  wires  cross  each  other 
or  are  liable  to  be  disturbed  American  circu- 
lar-loom conduit  or  porcelain  tubes  can  be 
used.  The  wires  should  be  run  straight  and 
pulled  tight,  and  cleats,  rosettes,  and  cut-outs 
securely  fastened  with  screws.  Where  loom 
or  tubes  are  used,  they  should  be  taped  to 
the  wires  so  that  the  jar  on  the  building 
will  not  shift  them. 

If  it  is  desired  to  partially  conceal  the 
wires  and  produce  a  still  neater  job,  molding 
made  of  two  pieces — a  backing  and  a  capping 
piece — with  a  center  tongue  to  keep  the 
conductors  }  inch  apart,  may  be  used. 
Such  molding  must  be  thoroughly  painted 
and  all  joints  neatly  mitered.  The  result 
is  electrically  first-class,  and  not  at  all  un- 
pleasing  to  the  eye.  These  moldings,  made 
of  hardwood  in  fancy  designs,  can  be 
obtained,  and  are  often  employed  to  great 
advantage  in  really  well-finished  rooms. 

In  all  cases,  neat  and  careful  work  and 
attention  to  details  will  make  the  inspector's 
visit  a  pleasure  to  look  forward  to  rather 
than  an  event  to  be  dreaded. 

This  article,  it  is  hoped,  will,  in  a  general 
way,  give  some  useful  hints  on  wiring  as  it 
id  practiced  in  large  cities  at  present  We 
will  take  up  the  different  methods  in  a 
separate  article  on  each,  and  explain  in 
detail  how  the  work  is  done,  what  tools  are 
required,  etc.,  and  give  a  description  of  an 
installation  under  each  method. 


CARE  OF  PLUMBING  IN  VACANT  HOUSES 


Thoe.  N.  Thomson 


Arrangement  and  Care  of  Plumbing  and  Water  Fixtures  in  a  CIountry  Place  That 
Is  to  Be  Unoccupied  During  the  Winter 


SUMMER  homes  should  be  provided  with 
plumbing  that  can  easily  be  prepared  to 
withstand  the  action  of  severe  winter 
weather.  It  is  therefore  customary  in  cold 
climates  to  grade  all  water  pipes  down 
toward  points  where  the  water  can  easily  be 
drawn  ofif.  All  pockets  that  cannot  be 
avoided  should  be  provided  with  drip  cocks 
so  located  that  the  inmates  of  the  building 
can  operate  them.  The  traps  of  all  fixtures 
should  be  accessible  so  that  they  may  easily 


be  emptied  when  desired.  Pumps,  hydraulic 
rams,  hot-air  engines,  and  all  other  machin- 
ery should  also  be  provided  with  drip  cocka. 
A  card  of  instructions  telling  where  and 
how  to  shut  off  the  water  and  drain  the 
pipes,  etc.  should  be  hung  in  the  kitchen, 
particularly  when  the  building  is  &r«away 
from  a  plumber's  shop.  A  drawing  show- 
ing all  the  pipes  on  the  premises  should, 
if  possible,  be  pasted  on  the  board.  This 
will   enable  any  intelligent  man  to  avoid 
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onneceesary  damage  to 
the  building  by  leaks  or 
from  frost.  It  is  advisa- 
ble, however,  for  plumb- 
ers to  prepare  the  plumb- 
ing for  winter. 

The  preparation  of  an 
ordinary  country  estate 
for  winter,  assuming  that 
the  place  will  be  vacant 
until  spring,  is  about  as 
follows: 

1.  Shut  down  the 
pumping  engines. 

2.  Drain  all  tanks  com- 
pletely, and  dean  them 
out  as  they  empty. 

3.  Disconnect  all  roof   _ 
leaders    that    may   flow  ^; 
into   them,  allowing  the     ^ 
water  to  flow  to  under- 
ground cisterns  (if  any)  provided  for  winter 
water  storage. 

4.  Drain  all  pipe  lines  by  opening  all  fix- 
ture cocks  and  all  drip  cocks.  Blow  through 
the  several  lines  of  pipe,  to  be  sure  that  they 
are  empty. 

5.  Drain  the  kitchen  boiler  by  opening 
the  sediment  cock,  and  be  sure  that  the 
water  back  in  the  range  is  so  constructed  that 
it  will  be  emptied  at  the  same  time. 

6.  Drain  all  pump  cylinders,  water-jackets, 
and  other  receptacles  about  the  pumping 
machinery  that  may  retain  water,  and  do 
not  forget  to  lift  the  pump  valves  so  that  the 
suction  pipes  may  empty  back  into  the  wells. 
If  the  pump  valves  are  down  the  well,  or 
if  there  is  a  foot- valve  on  the  suction  pipe, 
do  not  forget  to  open  the  drip  cock  attached 
to  the  side  of  the  pipe  in  the  well  below  the 
frost  line. 

7.  Unscrew  all  trap  screws,  to  drain  the 
traps  that  are  accessible.  Use  a  common 
suction  pump  to  drain  traps  under  the  floors, 
as  shown  in  the  accompanying  illustration. 
Fill  all  fixture  traps  with  crude  glycerine, 
which  is  a  liquid  that  will  not  fr^ze  nor 
evaporate. 

8.  Take  the  vanes  ofl*  the  windmill  to 
prevent  it  being  wrecked  by  winter  storms 
while  it  is  ^'ofi'gear,"  that  is,  when  it  is  not 
pumping  water. 

9.  Dry  all  the  working  parts  of  the 
machinery,  and  oil  or  grease  them  to  prevent 
them  from  injury  by  rust  during  winter. 


10.  Drain  the  water  from  all  gas-making 
machines,  etc.  that  will  be  subject  to  injury 
by  frost. 

Winter  homes  should  be  provided  with 
plumbing  that  can  easily  be  prepared  to 
withstand  the  action  of  summer  weather 
when/ the  building  is  vacant  Owing  to  the 
fact  that  traps  lose  their  water  seal  by  evap- 
oration when  fixtures  are  not  in  use,  it  is 
necessary,  as  soon  as  the  house  is  vacant,  to 
drain  the  water  from  all  fixture  traps  and  fill 
them  with  crude  glycerine.  If  this  is  not 
done,  the  traps  may  be  completely  unsealed 
within  a  month,  and  sewer  gas  will  blow 
into  the  building  as  freely  as  if  there  were 
no  traps. 

It  is  also  advisable  to  empty  the  water 
tanks,  if  any,  and  shut  ofi"  the  water  where 
the  main  service  pipe  enters  the  cellar.  This 
will  prevent  meddlers  from  washing  the 
glycerine  out  of  the  traps,  and  at  the  same 
time  prevent  leakage  in  the  vacant  building. 
All  pumps,  machines,  and  other  apparatus 
containing  water  should  remain  charged  to 
prevent  the  leathers  and  valves  from  becom- 
ing dry.  Water  pressure  should  be  allowed 
only  on  the  garden  or  lawn  hydrants  while 
the  building  is  vacant.  This  will  allow  the 
attendant,  if  any,  to  water  the  garden  or 
grounds,  if  desired. 

A  placard  should  always  be  attached  to  a 
range  having  an  empty  water  back,  to  pre- 
vent people  from  starting  a  fire  before  the 
water  is  turned  on. 
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The  Value   op   an   Analysis — ^The   Ultimate   and    Proximate   Analysis — ^The    Labo- 
ratory— Selecting  the  Sample — Standard  Laboratory  Method 


THERE  are  many  cases  in  which  it  is 
desirable  to  make  varioos  tests  of 
the  fdels  used  in  steam  making.  In 
buying  coal  it  is  very  useful  to  be  able  to 
make  such  tests  as  will  reveal  its  approxi- 
mate theoretical  heating  value  and  its  prob- 
able capacity  as  a  steam  maker.  Such  tests 
will  greatly  assist  the  buyer  in  selecting  the 
particular  grade  of  coal  that  will  produce  the 
greatest  number  of  heat  units  and  evaporate 
the  maximum  weight  of  water  for  the  money 
expended.  Of  course,  the  most  reliable 
method  of  testing  the  evaporative  capacity 
of  a  ftiel  is  by  burning  it  in  the  boiler  fur- 
nace under  regular  running  conditions,  and 
carefully  weighing  the  water  evaporated. 
Such  a  test,  however,  is  cumbersome  and 
expensive,  and  is  not  available  as  a  ready 
method  of  testing  small  quantities  of  fuels 
whose  use  is  under  consideration. 

In  order  that  a  boiler  trial  which  is 
intended  to  show  the  e£&ciency  of  a  boiler 
as  a  steam  generator,  or  of  a  furnace  as  a  coal 
burner,  may  have  any  real  value,  it  is  espe- 
cially important  that  the  theoretical  heating 
value  of  the  ftiel  be  accurately  known;  with- 
out this  knowledge,  the  trial  will  have  but 
little  value  for  the  purposes  of  comparison. 
Unfortunately,  there  are  many  difficulties  to 
be  overcome  in  so  conducting  tests  and  anal- 
yses of  fuels  that  the  results  obtained  will 
be  reasonably  accurate  and  reliable.  The 
quantity  of  fuel  used  in  making  the  test  is 
very  small,  seldom  more  than  a  small  fraction 
of  an  ounce,  and  great  care  is  required  to  so 
select  and  prepare  a  sample  that  it  will  be  a 
fair  average  of  the  coal  to  be  tested.  The 
small  quantities  handled  and  the  accurate 
measurements  demanded,  in  order  to  furnish 
reliable  results,  involve  the  use  of  the  best 
of  scales,  thermometers,  and  other  measuring 
instruments.  These  instruments  are  delicate 
and  expensive,  and  much  skill,  which  can 
only  be  acquired  by  practice,  is  essential  if 
reliable  results  are  to  be  obtained  by  their 
use. 

There  are  two  classes  of  tests  by  means  of 
which  the  theoretical  heating  value  of  a  fuel 
may  be  estimated:  First,  chemical  analysis 
may  be  made  that  will  show  the  percentages 
of  the  various  elements,  and,  from  this  anal- 


ysis, the  theoretical  heat  of  combustion  may 
be  calculated;  second,  the  heat  developed 
when  a  sample  of  the  coal  is  burned  may 
be  measured  by  an  instrument  called  a 
calorimeter. 

There  are  two  analyses  of  coal  that  may  be 
made,  each  of  which  furnishes  information 
of  considerable  interest  and  value  to  the 
engineer.  Of  these  analyses,  one,  called  an 
vMmate  analysis,  determines  the  percentages 
of  the  various  chemical  elements  of  which 
the  coal  is  composed,  but  does  not  necessa- 
rily show  in  what  manner  these  elements 
are  combined.  It  shows  that,  if  a  sample  of 
the  coal  is  separated  into  its  elements,  there 
will  be  certain  proportions  of  oxygen,  hydro- 
gen, carbon,  etc.  These  proportions  are 
generally  expressed  as  percentages  of  the 
weight  of  the  original  sample,  the  weight  of 
which  is  considered  as  a  unit,  or  100  per 
cent  From  the  ultimate  analysis,  the  heat- 
ing value  of  the  coal  may  easily  be  estimated 
by  the  following  rule: 

To  find  the  approximate  heat  of  combustion 
of  a  pound  of  coal,  multiply  the  weight  of  the 
carbon  in  hundredths  of  a  pound  by  14,600. 
Divide  the  weight  of  oxygen  in  hundredths  of  a 
pound  by  8,  and  subtrOfCt  the  quotient  from  the 
weight  of  the  hydrogen,  also  expressed  in  hun- 
dredths of  a  pound.  Multiply  the  remainder  by 
69,000,  and  add  the  product  to  the  first  product 

The  heating  value  of  coal  depends  only  on 
the  percentages  of  carbon  and  hydrogen; 
an  analysis  that  shows  the  percentages  of 
these  two  elements  would,  therefore,  be 
sufficient  to  enable  an  estimate  of  the  heat- 
ing value  to  be  made.  It  is  customary,  how- 
ever, to  determine  the  percentages  of  all 
the  elements  in  the  volatile  and  combustible 
matter.  The  ash,  which  consists  of  various 
minerals  that  are  not  readily  broken  up  into 
their  elements  by  the  action  of  heat>  is 
seldom  analyzed  in  tests  of  fuels  that  are  to 
be  used  for  making  steam.  The  ultimate 
analysis  of  a  fuel  is  a  difficult  and  expensive 
operation  that  can  be  successfully  performed 
only  by  a  skilled  chemist,  with  the  facilities 
of  a  well-appointed  laboratory.  Owing  to 
its  expense,  it  is  seldom  made  except  in  such 
cases  as  important  boiler  trials,  where  it  is  de- 
sired to  obtain  the  most  accurate  information 
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possible  regarding  the  properties  of  the  fdel 
ased. 

Although  the  ultimate  analysis  of  a  fuel 
presents  difficulties  that  render  it  impracti- 
cable for  any  but  a  skilled  chemist,  there  are 
methods  by  means  of  which  a  careful  engi- 
neer can  acquire  an  amount  of  skill  that  will 
enable  him  to  determine  the  percentages  of 
water,  volatile  matter,  fixed  carbon,  and  ash 
with  a  fair  degree  of  accuracy.  For  success- 
ful work,  a  laboratory  should  be  fitted  up 
in  which  all  the  instruments  required  may 
be  kept  in  a  convenient  position  for  use. 
This  laboratory  should  be  well  lighted, 
heated,  and  ventilated,  and  located  where 
it  will  be  as  free  as  possible  from  dust,  jars, 
and  sudden  changes  of  temperature.  It 
should  be  provided  with  a  supply  of  illumina- 
ting gas;  a  sink  with  running  water  is  also 
a  very  desirable,  if  not  a  wholly  essential, 
feature.  A  substantial  work  table  and  con- 
venient shelves  and  drawers,  where  all  sam- 
ples and  supplies  may  be  kept,  are  the  most 
essential  articles  of  furni- 
ture; a  writing  desk  with 
pigeonholes  and  drawers  for 
books,  i>apers,  and  records 
will  be  a  valuable  addition. 
The  top  of  the  work  table 
should  be  at  such  a  height 
above  the  floor  that  the 
operator  can  stand  at  his 
work  without  bending;  about 
36  inches  will  be  a  con- 
venient height  for  most  men. 

If  the  laboratory  is  located 
in  a  building  whose  walls  are 
subject  to  vibrations  from 
running  machinery,  or  in  a  room  without 
a  substantial  floor,  special  foundations  for 
supporting  a  table  for  the  balance  should  be 
built  These  foundations  should  be  carried 
down  to  rock,  gravel,  or  hard  pan,  and 
should  have  no  connection  with  the  founda- 
tions of  the  building  or  machinery. 

The  instruments  and  devices  necessarily 
required  are  a  sensitive  balance  with  a  box 
of  weights,  a  platinum  or  porcelain  crucible 
and  stand  for  it,  a  Bunsen  burner,  and  a 
blast  burner. 

The  flrst  operation  in  making  a  fuel  analy- 
sis consists  in  the  selection  of  a  sample  that 
will  fairly  represent  an  average  vidue  of  the 
fuel.  Pieces  of  coal  are  selected  at  random 
here  and  there,  until  about  100  pounds  have 
been  collected.  These  should  be  broken  up 
into  pieces  approximately  equal  in  size,  and 
the  pieces  then  thoroughly  mixed.  A  conical 
pile  is  now  heaped  up,  and  by  continually 


raking  down  a  little  coal  from  the  pile,  a 
flat  circular  pile  about  4  inches  thick  is 
formed,  as  shown  in  the  figure.  Next,  mark 
the  pile  off  into  quadrants  and  remove  two 
of  the  sectors  diagonally  opposite  each 
other,  as  1  and  S,  or  4  and  £,  The  remain- 
ing coal  should  now  be  broken  up  into  a 
smaller  size,  and  the  whole  operation  gone 
through  again.  This  should  be  repeated 
until  the  coal  has  been  pulverized,  and  only 
about  a  pint  measure  fuU  is  left.  This 
amount  is  then  finely  pulverized,  and  spread 
out  on  a  piece  of  glazed  paper,  in  a  circular 
form.  It  is  now  divided  into,  say,  8  equal 
sectors,  and  the  amount  to  be  subjected  to 
analysis  is  then  made  up  by  taking  equal 
parts  from  each  sector  in  succession.  Owing 
to  the  fact  that  the  composition  of  the  coal 
is  to  be  expressed  in  per  cent,  of  the  weight 
of  the  sample,  it  is  customary  to  use  the 
metric  system  of  weights,  which  is,  in  fiact, 
the  system  universally  used  by  chemists. 
Since  this  system  is  comparatively  un- 
known, a  short  explanation 
of  it  is  here  given.  The  unit 
of  weight  is  the  kilogram, 
which  is  divided  into  1,000 
grams.  The  gram  is  subdi- 
vided again  into  1,000  milli- 
grams. Then,  the  milligram 
is  the  one-millionth  part  of 
a  kilogram.  Expressed  in 
grains,  1  kilogram  weighs 
15,432.35639  grains;  1  gram 
weighs  15.43235  grains;  and 

1   milligram    weighs   .01543 

"     -^^^^^^    grain. 

The  analysis  of  coal  is  per- 
formed in  the  following  order:  determina- 
tion of  moisture,  determination  of  volatile 
matter,  determination  of  carbon,  and,  finally, 
determination  of  the  ash.  It  is  based  on  the 
fact  that  the  moisture  and  volatile  matter 
can  be  driven  off  by  heat,  and  that  by  in- 
creasing the  heat  to  the  igniting  temperature 
of  carbon,  the  latter  can  be  burned,  leaving 
behind  the  incombustible  substances  known 
as  ash. 

In  order  that  the  results  obtained  may  be 
compared  with  those  obtained  by  others,  it 
is  essential  that  a  uniform  method  be  em- 
ployed by.  all;  that  is,  all  chemists  should 
use  the  same  weight  of  coal  to  be  analyzed, 
and  should  heat  it  for  the  same  length  of 
time,  as  given  in  the  directions  f(»:  the  stand- 
ard laboratory  method  explained  below,  j  ; . 
To  determine  the  moisture,  weigk  fs^% 
exactly  1  gram  of  the  sample  into  a  porcelain 
or  platinum  crucible  and  put  in  a  drying 
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oven  in  which  a  temperature  of  225**  F.  is 
maintained.  Keep  it  there  for  exactly  1 
hour;  allow  it  to  cool,  and  then  weigh  the 
sample.  The  loss  in  weight  represents  the 
moisture.  Thus,  if  the  sample  weighed  1 
gram  (1,000  milligrams)  before  heating  and 
912  milligrams  after  heating,  the  moisture 
weighed  1,000  —  912  =  88  milligrams.  Re- 
ducing it  to  per  cent.,  we  have  moisture 
88  X  100        o  o  . 

=  -Tooo-=^-^P^^^^*- 

The  volatile  matter  is  determined  by  weigh- 
ing out  1.5  grams  (1,500  milligrams)  of  the 
undried  pulverized  sample  into  a  platinum 
crucible  and  covering  tightly.  Heat  it  for 
3}  minutes  over  a  Bunsen  burner,  keeping  up 
a  bright  red  heat,  and  then  heat  it  immedi- 
ately, without  cooling,  over  a  blast  burner 
for  3^  minutes  at  a  white  heat.  Allow  the 
sample  to  cool  and  then  weigh  it.  The  loss 
in  weight  represents  the  volatile  matter,  i.e., 
the  hydrocarbons  and  the  moisture.  Thus, 
if  the  sample  weighed  1,500  milligrams  before 
heating  and  1,149  milligrams  after  heating, 
the  volatile  matter  weighs  1,500  —  1,149  = 

,  *.*  *     351  X  100 

361   milligrams,  and   constitutes      ^^^ — 

=  23.4  per  cent,  of  the  coal.  Then,  since 
the  moisture  is  8.8  per  cent.,  the  volatile 
combustible  is  23.4  —  8.8  =  14.6  percent. 

If  a  coke  is  formed  in  the  preceding  opera- 
tion, make  a  note  of  its  properties,  color, 
firmness,  etc.  To  determine  the  fixed  caiv 
bon,  place  what  is  left  of  the  sample  after 
determining  the  volatile  matter  (1,149  milli- 
grams in  this  case)  into  a  crucible,  and  weigh 
it.  Place  this  in  an  inclined  position,  with 
cover  removed,  over  a  Bunsen  burner,  and 
heat  it  until  the  carbon  is  all  burned.  By 
inclining  the  crucible  and  having  it  uncov- 
ered, the  air  can  circulate  freely  in  the 
crucible;  this  is  essential,  since  the  carbon 
cannot  burn  without  the  oxygen  supplied 
by  the  aur. 

To  determine  positively  when  the  carbon 
is  all  burned,  heat  until  the  ash  appears  to 
be  free  from  carbon;  then  cool  the  crucible 
and  weigh.  Place  it  over  the  lamp  again 
and  burn  for  a  few  minutes  longer;  then  cool 
and  weigh.  If  the  second  weight  is  the  same 
as  the  first,  the  carbon  is  all  burned  out  and 
the  crucible  contains  nothing  but  ash.  If, 
however,  the  second  weight  is  less  than  the 
first,  more  carbon  has  been  burned  out,  and 
the  process  should  be  repeated  until  two 
successive  weighings  give  the  same  result 
The  combustion  of  the  carbon  may  be 
hastened  by  stirring  the  charge  occasion- 


ally with  a  platinum  wire.  The  difference 
between  the  weight  of  the  crucible  with 
coke  and  its  weight  with  the  ash  remain- 
ing after  the  carbon  has  been  burned  out, 
is  the  fixed  carbon. 

Assume  that  the  crudble  and  coke  weighed 
21,500  milligrams,  and,  after  burning  out 
the  carbon,  it  weighs  20,650  milligrams. 
Then  the  carbon  weighs  21,500  —  20,650 
==  850  milligrams.  Remembering  that  the 
original  weight  of  the  sample  was  1,500 
milligrams,   the   percentage   of   carbon   is 

850  X  100        -^  ^- 
^Q-==  56.67  per  cent. 

The  ash  can  either  be  weighed  directly  or 

its  weight  can  be  obtained  by  subtracting  the 

weight  of  the  crucible  from  the  weight  of 

the  crucible  and  ash,  i.  e.,  20,650  milligrams. 

Let  the  crucible  weigh  20,351  milligrams. 

The  ash  then  weighs  20,650  —  20,351  =  299 

milligrams.    Remembering  that  the  sample 

weighed  1,500  milligrams  originally,  the  per- 

.,.   299X100      -^^^ 
centage  of  ash  is  — ^  -^q     =  19.93  per  cent 

Summing  up,  the  sample  shows  the  coal 
to  have  the  following  composition: 

Moisture   8.8  per  cent. 

HydrocarboxM 14.6  percent. 

Fixed  carbon 56.67  per  cent. 

Ath 19.98  per  cent. 

100.00  per  cent. 

In  making  the  proximate  analysis,  great 
care  must  be  taken  to  weigh  as  exact  as 
possible,  and,  also,  any  spilling  of  part  of 
the  sample  must  be  avoided.  The  composi- 
tion of  the  hydrocarbons  not  being  given 
by  the  proximate  analysis,  the  heating  value 
of  the  coal  cannot  be  accurately  computed 
from  the  results  obtained  by  it;  the  average 
composition  of  the  volatile  combustibles, 
however,  varies  in  most  coals  but  little  from 
the  composition  of  marsh  gas  CHi\  it  will 
therefore  be  found  that  a  very  good  approxi- 
mate estimate  of  the  heating  value  can  be 
made  by  calculating  from  the  percentages  of 
fixed  carbon  and  volatile  hydrocarbons 
determined  by  the  proximate  analysis,  under 
the  assumption  that  all  the  volatile  matter 
is  composed  of  CH^, 

Undtr  this  assumption,  the  rule  for  calcu- 
lating the  approximate  heating  value  from 
the  percentages  given  by  the  proximate 
analysis  is: 

MulHply  the  percentage  of  hjdrocarbom^ 
expressed  as  a  decimal^  by  gS,600f  and  Ihe 
percentage  affixed  carbon,  expressed  in  the  same 
vjay,  by  14,600;  the  sum  of  these  two  products 
wiU  be  ihe  approximate  heating  value  of  1  pound 
of  the  undried  coal. 
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Geo.  E.  WadBii 

Presebvation  op  Plants  by  Suckers — Mortality  op   Sbbdb — ^Distribution — Longevity. 
Perpetuation — Reappearance  op  Plants  Aptee  Ages 


CARELESS  of  the  individual,  Nature  is 
ever  carefdl  of  the  type,  and  to  preserve 
the  latter  she  will  resort  to  means  and 
methods  ofan  extraordinary  character.  Most 
of  her  plants  are  propagated  hy  their  seeds, 
bot  if  for  any  reason  these  organs  gradually 
cease  to  perform  their  work,  suckers  are  sent 
up  at  the  base  of  the  main  stalk,  to  preserve 
the  type.  A  large  number  of  plants  and 
trees  that  at  one  time  depended  largely,  if 
not  entirely,  on  seeds  for  their  perpetuation, 
are  now  propagated  by  suckers,  and  we  have 
reason  to  suppose  that  this  change  was 
effected  because,  for  one  reason  or  another, 
the  seeds  were  threatened  with  extermina- 
tion. The  pineapple,  the  banana,  and  the 
eggplant  are  illustrations  of  this  process  of 
transformation  from  seeds  to  suckers.  Rudi- 
mentary seeds  are  found  in  the  fruit  of  all 
three,  but  propagation  is  almost  entirely  by 
suckers. 

Preservation  of  plants  by  their  seeds  is 
sometimes  quite  uncertain .  On  the  average, 
not  more  than  60  to  60  per  cent,  of  the  seeds 
of  wild  plants  are  fertile.  Of  those  that 
reach  maturity  in  a  fertile  condition,  many 
are  destroyed  by  birds  or  animals,  others 
fall  upon  rocks  or  barren  ground  and  fail  to 
germinate,  and  a  few  produce  young  plants 
that  wither  in  the  hot  sun  or  die  in  the 
struggle  with  other  plants  for  a  place  in  the 
crowded  fields  or  woods.  The  mortality 
among  the  seeds  and  plants  is  thus  im- 
measurably greater  than  among  human 
beings.  In  the  crowded  fields,  woods,  and 
swamps,  probably  not  more  than  50  per 
cent  of  the  hardy  seeds  that  fall  to  the 
ground  produce  mature  plants,  and  among 
the  tender  varieties  a  survival  of  5  or  10  per 
cent,  would  be  considered  large. 

Nature,  however,  is  a  crafty  sower,  and  she 
has  protected  some  of  her  tender  perennials 
and  annuals  in  ways  that  excite  our  admi- 
ration. She  uses  various  agencies  for  sowing 
her  seeds.  The  wind  and  water  are  among 
the  most  important,  and  she  provides  the 
seeds  of  some  plants  threatened  with  extinc- 
tion with  wings  to  fly  on  the  wind  and  sails 
to  float  on  the  water.  The  birds  of  the  air 
and  wandering  beasts  of  the  field  and  jungle 
are  employed  in  scattering  other  seeds.  The 
burrs  in  which  some  seeds  are  enclosed  cling 


to  the  fuzzy  tail  and  hair  of  animals,  to  be 
carried  away  to  some  distant  location,  where 
a  more  congenial  growing  place  may  be 
found.  Local  force  is  applied  to  the  seed 
pods  of  other  plants  to  make  their  propaga- 
tion more  certain.  At  the  appointed  time, 
when  the  seeds  have  reached  full  maturity, 
the  pods  burst  with  considerable  force  and 
explosion,  expeUing  the  seeds  so  that  they 
fall  in  showers  at  a  considerable  distance 
from  the  parent  plant 

These  unique  agencies  of  Nature  to  insure 
the  perpetuation  of  her  plants,  furnish  us 
with  many  curious  and  interesting  studies, 
and  demonstrate  how  determined  she  is  to 
preserve  the  type.  If  all  the  agencies  fedl, 
she  may  on  occasion  resort  to  root  and 
sucker  propagation.  It  may  happen  in  the 
course  of  time  that  a  breed  of  birds  or 
animals  may  be  raised  up  that  will  devour 
th^  seeds  of  certain  plants,  and  complete 
extermination  would  in  time  be  effected  if 
extraordinary  methods  were  not  adopted. 
Thus  the  pineapples  and  bananas,  and  the 
fruits  of  many  other  plants,  could  be  des- 
troyed every  season  and  the  perpetuation 
of  the  plants  be  in  nowise  endangered. 

In  the  struggle  for  existence,  however,  the 
seeds  play  the  most  important  part  in  the 
vast  majority  of  plants,  and  it  is  only  with  a 
comparatively  few  growths  that  Nature  has 
substituted  the  suckers  for  the  seeds.  We 
have  plants  in  existence  whose  type  and 
chief  characteristics  date  back  to  the  dawn 
of  human  history.  They  have  fought  the 
good  fight  in  all  kinds  of  soil  and  under 
favorable  and  unfavorable  conditions.  In 
spite  of  all  the  destructive  agencies  that 
Nature  invents  to  destroy  the  individual, 
the  chief  characteristics  of  the  type  have 
been  preserved.  Some  of  these  plants  may 
no  longer  exist  in  the  wild  state,  but  that  is 
due  to  the  intervention  of  man.  They  have 
been  transferred  to  the  gardens  and  improved 
by  selection  and  cultivation,  until  their 
relationship  to  their  wild  progenitors  is 
almost  lost.  Nevertheless,  the  essential 
structures  and  characteristics  are  the  same, 
and,  under  neglect,  they  would  undoubtedly 
revert  back  to  the  original  type.  Man  only 
seems  to  possess  the  power  to  thwart  Nature 
in  her  work.    It  is  possible  for  him  to  check 
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and  acfcnally  eztenninate  certain  plants, 
and  raise  up  others  to  take  their  place.  He 
may  sometimes  find  formidable  enemies 
that  will  make  his  work  a  long  and  preca- 
rioos  one,  but  perseyerance  will  ultimately 
reward  his  efforts. 

In  recent  years,  the  study  of  plant  seeds 
by  the  Department  of  Agriculture,  state 
experiment  professors,  and  private  individ- 
uals has  been  of  the  utmost  importance  to 
science.  The  money  spent  in  testing  the 
seeds  has  been  of  great  service  to  the  farmers 
and  horticulturists  of  the  land.  In  all  seeds 
offered  to  the  dei>artment,  85  per  cent,  must 
germinate  or  the  seeds  are  rejected.  It  is 
remarkable  how  large  a  percentage  of  ap- 
parently good  seeds  fail  to  germinate  or 
show  proper  fertility  to  produce  strong, 
healthy  plants.  In  this  connection,  the 
relative  vitality  and  longevity  have  been 
incidentally  considered.  That  the  longevity 
of  seeds  varies  greatly  is  apparent  to  any 
horticulturist  who  has  had  any  experience 
with  plants.  But  it  is  a  debatable  question 
whether  there  is  such  a  wide  range  of  differ- 
ence in  the  longevity  of  seeds  as  there  is  in 
animals  and  birds — a  difference  of  centuries 
and  even  of  a  thousand  vears,  as  generally 
supposed  to  exist  between  certain  species  of 
whale  and  the  small  insects  that  live  and 
concentrate  in  24  hours  a  full,  well-rounded 
life.  We  have  no  seeds  that  are  born,  live, 
and  die  in  a  day.  A  season  is  the  shortest 
time  of  existence  of  any;  but,  in  order  to 
obtain  the  best  results  from  them,  they 
must  be  planted  within  a  few  months  of 
their  fhll  maturity. 

Another  class  of  seeds  will  retain  their 
vitality  a  ftill  year.  Gathered  one  season, 
they  must  be  planted  the  next  or  they  will 
fiul  to  germinate.  Thus,  most  of  our  annual 
garden  plants  produce  seeds  that  have  their 
vitality  limited  to  twelve  months.  After 
that  period  they  degenerate  rapidly,  and 
while  a  few  might  retain  their  power  to 
germinate  another  season,  the  minority 
would  be  valueless.  So  general  is  this  rule, 
that  seedsmen  make  it  a  point  to  sell  only 
fresh  seeds  every  year,  in  order  to  maintain 
their  reputation  for  dealing  in  good  fertile 
seeds.  The  Department  of  Agriculture  de- 
mands fresh  seeds  always,  and  those  carried 
over  a  year  would  be  rejected,  even  if  they 
should  happen  to  pass  the  test  of  fertility 
and  germination. 

However,  there  are  seeds  that  can  retain 
their  life  for  wonderful  periods,  and  in  these 
we  must  recognize  another  one  of  Nature's 
peculiar  methods  to  perpetuate  indefinitely 


some  favorite  class  of  plants,  that  may  have 
been  threatened  with  extinction.  It  would 
be  difficult  to  ascribe  all  the  reasons  for 
creating  such  a  wide  difference  in  the 
longevity  of  seeds,  just  the  same  as  it  is 
impossible  to  explain  why  certain  animals 
are  doomed  to  a  short  existence  and  others 
to  a  long  one.  In  this  foreordination,  there 
is  some  inscrutable  law  that  we  fail  to  grasp. 

There  are  undoubtedly  many  wild  stories 
current  about  the  wonderful  vitality  and 
longevity  of  certain  seeds.  It  is  difiScnlt 
to  believe  that  the  seeds  of  wheat  found  in 
the  sarcophagi  of  Egyptian  mummies  retain 
their  power  to  germinate  after  the  lapse  of 
so  many  centuries,  and  horticulturists  scout 
the  idea  as  one  lacking  in  proof  or  demon- 
stration. Seed  corn  from  the  ruins  of 
Thebes  has  likewise  been  said  to  germinate 
after  an  existence  of  no  telling  how  many 
centuries,  and  some  have  even  gone  so  far 
as  to  assert  that  seeds  from  the  Nile  mud- 
and-straw  bricks  of  the  temples  have 
retained  sufficient  fertility  to  germinate. 
But  all  official  tests  with  these  ancient  com 
and  wheat  seeds  that  have  an  undoubted 
antiquity  have  failed  to  make  a  single  one 
germinate.  It  is  more  than  probable  that 
we  must  accept  these  stories  of  the  wonder- 
ful vitality  of  certain  seeds  as  untrue  until 
some  careful  and  official  test  has  been  made. 
Travelers  returning  from  the  Orient  with 
the  seeds  of  wheat  purchased  from  wan- 
dering Arabs  or  shrewd  Eastern  hucksters 
have  no  higher  authority  than  the  word  of 
irresponsible  venders  that  the  wheat  was 
taken  from  some  Egyptian  mummy  some 
two  thousand  years  old. 

But  there  is  a  manifest  power  in  certain 
seeds  of  retaining  their  vitality  for  remark- 
able periods,  and  wheat  and  com  are  the 
most  important  in  this  respect  It  is  even 
asserted  by  trustworthy  authorities  that  it 
is  possible  for  seed  com  or  wheat  to  retain 
their  potential  life  for  centuries  buried  in 
the  ground  under  the  most  fiivorable  condi- 
tions. It  is  moreover  probable  that  Nature 
adopts  some  such  method  as  this  to  preserve 
certain  types  of  plants.  There  have  been 
insects,  diseases,  or  other  causes  that  have 
swept  certain  plants  from  the  £bu»  of  the 
earth,  or  at  least  from  large  continents,  and 
after  a  lapse  of  ages  they  have  reappeared. 
The  explanation  of  this  is  that  some  of  the 
seeds  remained  buried  in  the  earth,  where 
they  remained  dormant  until  some  change 
in  the  soil  exposed  them  to  the.  light  and 
heat  of  the  sun.  Then  their  fertUity,  so 
long  held  in  check,  reasserted  itself,  and  the 
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plants  once  more  clothed  the  sorfiftce  of  the 
earth.  Tune  and  again  botanlBts  have  dis- 
ooyered  the  sadden  appearance  of  species 
of  plants  heretofore  anknown  to  exist  in 
regions  where  the  flora  was  carefully 
examined  and  classified.  If  this  theory  be 
tme^  we  know  not  what  new  species  of 
plants  we  might  be  the  means  of  revi- 
ving  by  taming  oyer  the  deep  soil  of  some 
swamp  or  rich  piece  of  upland.  There  may 
be  anknown  iK)ssibilities  for  good  or  evil 
that  no  one  can  measure  today.  Hidden 
away  in  the  deep  soil  may  lie  the  seeds  of 
plants  that  haye  not  been  seen  to  flourish 
since  the  days  of  Christ 

It  has  been  demonstrated  by  actual  ex- 
periments that  many  of  our  wild  forest 
plants  produce  seeds  that,  when  buried  in 
the  subsoil,  can  retain  their  yitality  for  ten, 
twenty,  and  thirty  years.  This  is  eyidenced 
by  the  &ct  that  by  taking  off  successiye 
layers  of  earth  from  an  old  swamp  or  field, 
new  plants  will  spring  up  from  seeds  that 
must  haye  long  been  dormant  in  the  earth. 
Cam  and  wheat  that  haye  been  accidentally 
lost  nnder  old  buildings,  where  they  were 
coyered  with  soil,  but  unable  to  get  a  ray  of 
light,  haye  sprung  into  growth  when  the 
boildings  were  remoyed. 

Some  of  the  state  experiment  station  ex- 
perts are  now  making  exhaustiye  tests  to 
ascertain  the  exact  nature  of  the  longeyity 


of  seeds.  Large  quantities  of  seeds  of  many 
of  our  wild  and  cultiyated  plants  are 
selected  and  put  away  in  suitable  places 
where  their  yitality  will  be  the  most  apt  to 
be  conseryed.  Eyery  year  a  smaU-  propor- 
tion of  each  yariety  of  these  seeds  is  tested 
for  their  germinating  powers.  In  this  way, 
the  ayerage  longeyity  of  each  species  will  be 
demonstrated  beyond  a  doubt.  Naturally,' 
it  will  take  many  years  to  make  this  series 
of  tests  of  much  yidue,  for  it  is  well  known 
that  there  is  great  longeyity  among  many 
seeds,  and  all  that  the  scientific  test  can 
ascertain  is  the  relatiye  or  absolute  longeyity 
of  those  used  in  the  experiment 

The  difference  in  the  length  of  life  between 
indiyidual  seeds  is  almost  as  great  as  that 
between  species.  Indiyiduals  of  the  same 
species  yary  in  the  length  of  their  life  in 
the  proportion  of  1  to  16,  and  in  the  species 
from  1  to  20.  This  latter  yariation  is  partly 
guesswork,  in  yiew  of  the  scanty  knowledge 
on  the  subject,  and  it  may  be  discoyered 
that  the  period  of  yariation  is  far  greater 
among  the  species  than  we  haye  any  reason- 
able belief  today.  But  scientific  conclusions 
can  be  drawn  only  from  ascertained  and 
demonstrated  &cts,  and,  until  we  know  more 
about  the  longeyity  and  yitality  of  the  seeds, 
positiye  assertions  regarding  their  wonderful 
powers  of  retaining  their  fertility  for  genera- 
tions must  be  receiyed  with  some  caution. 


FORCE  OF  A  BLOW 


By  the  '*  Professor" 


TWO  questions  that  are  frequently  asked 
are:  With  what  force  will  a  fklliag 
hammer  strike?  and,  With  what  force 
will  a  projectile  fired  from  a  gun  strike  an 
olject  7  These  questions  cannot  be  answered 
directly,  as  they  are  based  on  a  misconcep- 
tion. A  moying  body  possesses  kinetic 
energy,  or  ability  to  do  work,  which  can 
only  be  expressed  in  foot-pounds,  but  not  in 
pounds  of  force,  since  the  work  done  by  the 
hammer  or  projectile  in  coming  to  rest  is 
not  a  manifestation  of  force  but  of  energy. 

Work  is  measured  by  the  product  of  force 
and  distance;  hence,  if  the  work  a  body  has 
done  or  is  capable  of  doing  is  known,  the 
force  could  be  determined  for  each  case  if 


by  some  means  it  were  possible  to  determine 
exactly  the  distance  in  which  the  work  was 
done.  This  distance  depends  on  yarious 
resistances,  such  as  that  due  to  moying 
the  object  struck,  the  resistance  to  penetra- 
tion, friction,  the  resistance  to  shearing  or 
deformation  of  the  body,  etc.  The  distance 
through  which  these  resisting  forces  act  is 
generally  indeterminate,  and  since  the  ayer- 
age of  the  resisting  forces  yaries  generally 
with  the  distance,  this  ayerage  resisting 
force  is  also  indeterminate,  and  hence  the 
force  that,  acting  through  a  distance,  will 
absorb  all  the  kinetic  energy  of  the  hammer 
or  projectile  cannot  be  determined  for  the 
reasons  giyen. 
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CONSTRUCTING  A  SHEET-METAL  CUPOLA 


{Continued  from  the  Augusty  1900,  Number) 


William  Neubecker 


Laying  Out  and  CoNSTBucnNG  thb   Ventilator— The  Various  Tools   Used   in  This 
AND  Other  Work  on  the  Cupola 


IN  DESCRIBING  the  method  of  erection 
of  this  cupola,  the  intention  of  the  writer 
is  to  give  each  step  distinctly,  commen- 
cing at  the  bottom  and  finishing  at  the  top, 
as  is  done  in  practice.  It  will  therefore  be 
necessary  to  give  the  construction  of  the  ven- 
tilator shown  above  the  floor  of  the  cupola, 
before  laying  out  the  columns. 

A  half  elevation  and  a  half  structural  view 
of  the  ventilator  is  shown  in  Fig.  12;  the 
principal  dimensions,  which  have  been  ob- 


Fig.  12 

tained  from  Fig.  2,  are  found  to  be  2  feet 
9  inches  for  the  diameter  of  the  vent  shaft, 
and  5  feet  for  the  diameter  at  the  bottom  of 
the  flare  and  the  hood.  It  is  customary  in 
practice  to  lay  off  the  half  section  only,  as 
shown  to  the  left  of  the  center  line  A  B,  In 
this  case,  however,  the  half  elevation  is 
drawn  as  well,  and  is  shown  to  the  right  of 
the  center  line. 


Referring  to  the  sectional  view,  NO  shows 
the  shaft  line  with  a  flange  stretched  out- 
ward at  p,  a  swage  placed  at  22,  and  a  single 
seam  turned  over  at  0,  0  S  shows  the  flared 
piece,  which  is  double  seamed  at  T,  while 
TR  is  the  flat  bottom  with  a  burr  at  a, 
resting  on  the  swage  R,  The  hood  L  \ 
is  double  seamed  to  the  deflector  If  if,  as 
shown  at  TT,  and  the  entire  ventilator  is 
thoroughly  reenforced  and  stiffened  by  the 
braces  Q  X,  six  of  which  are  required. 

The  detail  for  the  venti- 
lator having  been  drawn, 
everything  is  in  readiness 
to  get  out  the  work  in  sheet 
metal.  As  the  diameter  of 
the  shaft  is  2  feet  9  inches, 
its  circumference  will  be 
103f  inches,  or  8  feet  7f 
inches,  which  is  obtained 
by  multiplying  thd  diam- 
eter by  3f.  Since  riveting 
is  required,  it  wUl  be  neces- 
sary to  add  to  this  length  1 
inch  for  lap,  making  the 
entire  length  of  sheet  8 
feet  8f  inches.  From  Fig.  2, 
the  height  of  the  shaft  from 
h  to  g  19  found  to  be  2  feet 
6  inches,  which  dimension 
is  shown  in  Fig.  12.  To 
this  height  of  the  shaft, 
30  inches,  there  must  be 
added  1  inch  for  the  flange 
required  at  p,  and  another 
i  inch  at  0,  making  a  total 
of  31^  inches. 

The  sheet  of  metal  re- 
quired to  form  the  shaft  of 
the  ventilator  will  then  be 
31i  in.  X  8  ft  8f  in.,  as 
shown  in  the  diagram  (a). 
Fig.  12,  and  since  1  inch  for  lap  has  been 
allowed,  the  center  line  for  the  rivet  holes 
can  be  laid  out  by  scribing  the  lines  gh  and 
fi  i  inch  from  the  edges  of  the  sheet  At 
the  bottom,  where  the  1-inch  flange  will  be 
stretched  outward,  mark  on  the  lines  just 
scribed  ih2  inches  from  the  end;  on  the  top, 
where  the  ^-inch  flange  will  be  turned, 
measure  downward  1  inch,  as  shown  Bifg. 
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Set  the  diyiden  at  2  inches,  and  mark  ofi 
points  between/ and  i,  and  between  g and  \ 
the  distances  equal  to  the  pitch  of  the  rivets, 
as  shown  in  the  figure.    These  holes,  as  laid 


at  a  in  the  section  of  Fig.  12.  The  next 
step  is  to  torn  the  1-inch  flange  at  the  bot- 
tom, which  may  be  accomplished  as  illus- 


u^ 


Fig.  13 

out,  can  be  punched  by 
using  a  rivet  punch  and  a 
small  block  of  lead  or  hard 
wood.  After  the  punching 
has  been  done,  the  shaft  of 
the  ventilator  can  be  rolled 
up  on  the  36'inch  rolls  and 
riveted    on    the    mandrel 


Fig.  15 

trated  in  Fig.  13,  in  which  A  shows  the 
bench  and  B  the  "square  head." 

Sometimes  the  sheet-metal  cylinder  has  a 
tendency  to  assume  an  oval  shape  when 
handled,  and  in  order  to  avoid  this  it  is 
often  necessary  to  tack  in  the  cylinder  two 
flat  bottoms,  cut  from  old  metal,  one  at  each 
end,  which  precludes  any  such  tendency 


Fig.  14 
stake.  The  pipe  thus  formed 
is  now  taken  to  the  turning 
machine  aiid  run  through 
once  or  twice,  after  which 
process  it  will  have  the 
appearance  as  shown  at  /  in 
diagram  (6),  Fig.  12.  The 
cylinder  is  now  reversed  and 
the  process  is  repeated  at  the 
other  end,  the  groove  j  being 
fonned.  By  setting  the 
beading  machine  to  a  distance  equal  to 
012  in  the  section  and  inserting  the 
end  j  of  the  cylinder  first,  and  running  it 
through  the  rolls  once  or  twice,  the  bead  k 
is  formed,  which  is  the  same  as  designated 


Fig.  16 


and  keeps  the  cylinder  circular.  The  pipe 
is  now  held  in  the  position  shown  at  C, 
and  the  fiange  is  laid  with  the  stretching 
hammer  D  to  the  position  shown  by  the 
dotted  pine  e.    In  this  operation,  the  helper 
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slowly  turns  the  pipe  on  the  stake  while 
the  mechanic  strikes  blow  after  blow. 
The  flange  is  still  further  turned  by  using 
the  wooden  maUet  shown  at  /. 

The  distance  between  the  columns  of  the 
cupola  does  not  allow  the  completion  of 
the  ventilator  in  the  shop,  and  as  it  is  im- 
practicable to  hoist  it  above  the  columns 
and  lower  it  in  position,  it  will  be  necessary 
to  build  the  ventilator  in  sections  and  put  it 
together  on  the  cupola  floor.  In  passing 
the  vent  shaft  between  the  columns  it  will 
be  necessary  to  press  it  slightly  oval,  for  its 
diameter  is  somewhat  greater  than  the  dis- 
tances between  the  columns.  It  can  then 
be  put  in  place  and  soldered  to  the  metal- 
covered  floor  of  the  cupola,  over  the  curb 
SB,  previously  shown  in  Fig.  11. 

The  flaring  piece  and  bottom  OSTR,  aa 
designated  in  Fig.  12,  must  now  be  gotten 
out.  With  Fas  &  center  and  FR  and  FU 
as  radii,  describe  the  arcs  R  Y&nd  UZ  inter- 
secting the  center  line  AB  at  Y  and  Z, 
respectively.  From  the  same  center,  describe 
the  edge  r,  which  will  be  turned  up  as  at  a 
in  the  section;  then  URYZ  will  be  the 
one-quarter  pattern  for  the  bottom  UR, 
Four  of  this  pattern  are  required,  and  when 
cut  out  they  are  riveted  together  as  shown 
in  the  diagram  (c).  With  G  on  the  line  A  B 
as  a  center  and  GO  as  radius,  describe  the 
quarter  circle  OH  and  divide  it  into  equal 
spaces,  as  shown  from  i  to  ^.  Extend  the 
line  SO  until  it  intersects  the  center  line 
AB  a,t  J,  Now  draw  any  vertical  line,  as 
TJin  Fig.  14,  and  from  /as  a  center,  with 
radii  equal  to  /  0  and  JS  in  Fig.  12,  describe 
the  arcs  0  (X  and  SS^  aa  shown.  On  the  line 
0  Cy,  lay  off*  the  stretchout  of  the  quarter 
circle  OH,  Fig.  12,  as  designated  by  the 
numerals  1  to  6,  From  the  center  /  draw 
the  line  /(V,  extending  it  outward  to  T^; 
SOO^S^  will  then  be  the  one-quarter  i>at- 
tem.  Make  allowance  for  the  double  edges 
SU  SLDd  UT  in  Fig.  12  by  laying  off  the 
points  SUT  Md  V  U S^  in  Fig.  14  and 
drawing  the  respective  arcs. 

After  cutting  three  more  of  the  same  i>at- 
tem,  rivet  them  together,  as  shown  at  (a), 
Fig.  15,  and  roll  on  the  breakhorn  stake  and 
rivet  together  at  a  and  6.  When  this  haa 
been  accomplished,  put  the  larger  diameter 
of  the  flaring  piece  in  the  turning  machine 
and  flange  out  as  much  as  TS  in  the  quarter 
pattern,  when  the  work  will  look  like  c  in 
diagram  ( 6 ) .  Now  reverse  the  flaring  piece, 
running  it  through  the  turning  machine  and 
obtaining  the  flange  as  at  d  in  diagram  (c). 
Place  the  bottom  TR  in  Fig.  12  as  at  /i  and 
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e  in  diagram  (d),  Fig.  15;  then  doable  over 
the  flange  of  the  flared  pieces,  as  ahown  at 
/  in  diagram  {e).  This  portion  of  the  venti- 
lator ie  now  ready  to  slip  over  the  shaft, 
except  that  stays  must  be  provided  as  shown 
^  (/))  BO  that  the  metal  in  the  pieces  will 
not  sag  when  it  is  pat  in  place.  These  stays, 
six  of  which  are  reqaired,  are  triangalar  in 
shape,  and  are  soldered  in  place. 

The  flaring  piece  jast  completed  is  slipped 
over  the  shaft  so  that  the  bottom  TR,  Fig. 
12,  rests  on  the  swage,  or  bead,  at  a  and  the 
top  of  the  shaft  at  0  is  then  flanged  over  as 
shown.  The  flanging  at  this  point  can  be 
accomplished  by  tarning  the  metal  over  by 
degrees  with  pliers,  and  working  it  down 
with  a  small  hammer  to  the  position 
shown. 

Six  braces  will  be  reqaired  to  sapport  the 
hood,  and  shoald  be  made  of  V^X^¥^  bar 
iron.  The  braces  are  made  as  shown  in  Fig. 
12,  being  bent  in  the  brace  bender  at  the 
reqaired  angle,  and  bolt  holes  panched  where 
necessary  in  order  to  secare  the  braces  to  the 
galvanized  iron  and  to  one  another.  These 
braces  mast  be  galvanized  before  being  pat 
in  place,  as  otherwise  they  will  rast;  the 
rast,  in  wet  weather,  anites  with  the  water 
and  is  likely  to  mar  the  appearance  of  the 
adjacent  work  by  ranning  over  it. 

The  hood  and  deflector  shown  by  VL  and 
if  Fin  Fig.  12  mast  now  be  laid  oat  and 
constracted.  Draw  any  vertical  line  asLW 
on  a  sheet  of  metal,  as  designated  in  Fig.  16, 
and  with  X  as  a  center  and  with  a  radias 
eqaal  to  X  7,  Fig.  12,  draw  the  arc  F  F^ 
With  /,  Fig.  12,  as  a  center,  and  /  TF  as  a 
radias,  describe  the  one-qaarter  plan  of  the 
hood  and  mark  the  points  from  i^  to  7^ 
spaced  eqaally.  Transfer  these  spaces  to 
the  arc  F  F',  as  designated  in  Fig.  16.  Draw 
a  Ime  from  L  to  F',  and  Z  FF^  will  be  the 
one-qaarter  pattern  for  the  hood;  all  edges 
for  doable  seaming  to  the  deflector  are  to  be 


allowed  as  shown.  Three  similar  patterns 
will  be  reqaired,  and  the  quarters  may  then 
be  riveted  together,  as  in  (a). 

The  position  of  the  braces  mast  be  located 
on  the  fall  pattern,  as  shown  at  (a).  Fig.  16. 
In  order  to  determine  their  position,  ase  M  as 
a  center,  and  with  radii  eqaal  to  Zn  and 
Lm  in  Fig.  12,  describe  the  arcs  n  and  m  as 
in  the  diagram  (a),  Fig.  16.  Dividing  the 
two  arcs  into  six  eqaal  spaces  will  give  the 
location  of  the  braces.  The  hood  is  now 
riveted  together  and  flanged  as  indicated  at 
F,  Fig  12. 

The  pattern  for  the  deflector  and  the  posi- 
tion of  the  braces  on  it  are  obtained  in  a 
similar  manner.  When  the  braces  have 
been  located  on  the  deflector,  corresponding 
holes  are  cat  to  admit  them.  When  bolting 
the  braces  to  the  hood  and  shaft,  it  is  well 
to  first  bolt  the  braces  to  the  hood. and  then 
drop  the  deflector  into  the  hood,  passing  the 
braces  through  the  brace  holes  cat  in  the 
deflector  and  forming  the  doable  seam  at 
W,  Fig.  12.  The  hood  is  now  raised  ap  to 
allow  the  braces  to  slip  into  thd  shaft,  and 
is  then  lowered  until  the  point  W,  Fig.  12, 
is  in  line  with  /,  the  bolts  vn  being  then 
placed  and  made  tight.  Where  the  bolts  at 
V  enter,  it  is  necessary  to  cut  a  smaU  opening 
in  the  flare  opposite  each  brace,  to  admit  the 
bolts,  after  which  it  can  be  closed  again  by 
soldering. 

In  Fig.  17  are  shown  the  various  tools 
used  in  the  construction  of  the  ventilator 
and  elsewhere  in  the  work.  At  A  is  shown 
the  set  of  rolls  upon  which  the  vent  shaft  is 
rolled  up,  at  B  the  stake  upon  which  the 
shaft  is  riveted ;  C  is  the  turning  machine  for 
flanging,  and  JD  the  machine  holder,  which 
is  adaptable  for  several  machines;  at  E  is 
shown  the  ''squarehead,"  and  at  F  the 
beading  machine,  while  at  G  is  seen  the 
breakhorn  stake  for  rolling  the  flaring  collar, 
hood,  and  deflector. 
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AN  UNRELIABLE  INJECTOR 


W.  H.  Wakeman 


INJECTORS  frequently  fail  to   work   as 
they  should,  or  they  may  give  satis- 
fiaction   when   new,  but   soon   become 
unreliable,  then   fail   completely   and   are 
thrown  out  of  service,  all  on  account  of 
wrong  pipe  connections. 
The  accompanying  illustration  shows  the 


arrangement  of  piping  in  a  certain  plant 
where  the  injector  would  feed  the  boiler 
some  days,  and  on  others  the  man  in 
charge  found  it  impossible  to  get  water  into 
the  boiler  with  it.  The  vertical  pipe  a  con- 
nected into  the  head  of  the  upright  boiler 
is  2i  inches  in  diameter,  while  all  the  rest 


Digitized  by 


Google 


448 


AN  UNRELIABLE  INJECTOR 


on  thAt  line  is  2  inches.  The  small  pipe  b 
supplying  the  injector  is  i  inch  and  the 
feedpipe  c  to  the  boiler  is  1  inch.  It  will 
be  noted  that  the  2-inch  pipe  dxi  forms  a 
trap,  and,  as  none  of  the  pipes  were  covered 
to  prevent  radiation,  the  water  of  condensa- 
tion settled  in  this  trap. 

As  a  role,  small  upright  boilers  prime 
more  or  less,  and  this  one  was  no  exception 
to  the  genend  role.  Conseqaently,  the  boiler 
helped  to  fill  the  trap  with  water,  and  the 
drip  from  it,  which  should  have  dischaiged 
into  the  sewer,  was  used  to  supply  the 
injector  with   what   was  supposed   to  be 


be  about  half  water,  resulting  in  exasperating 
failure  to  feed  the  boiler  at  a  time  when 
feeding  was  badly  needed.  When  the 
amount  of  steam  required  was  somewhere 
between  these  two  extremes,  its  velocity  in 
the  2-inch  pipe  was  sufficient  to  prevent 
excessive  condensation,  and,  as  the  boiler 
did  not  prime  badly  under  these  conditions, 
the  injector  worked  perfectly. 

I  removed  all  this  2-inch  pipe  and  con- 
nected the  i'inch  steam  pipe  for  the  injector 
so  that  it  took  steam  directly  from  the  steam 
space  of  the  boiler.  As  the  injector  was  not 
new,  I  washed  it  out  with  a  solution  con- 


a 
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^ 
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steam,  but  in  reality  consisted  of  a  large 
percentage  of  water.  An  injector  needs  dry 
steam  for  its  suocessfhl  operation,  and  hence 
the  cause  of  fiedlure  in  this  case  was  not 
difficult  to  find,  when  the  search  was  made 
in  an  intelligent  way.  When  the  draft  of 
steam  through  the  2-inch  pipe  was  light, 
the  condensation  would  be  excessive,  and, 
consequently,  much  water  would  go  to  the 
injector.  When  the  draft  of  steam  was 
heavy,  the  boiler  primed  excessively,  so 
that  the  steam  supply  to  the  injector  would 


sisting  of  about  5  parts  water  and  1  part 
muriatic  acid,  the  result  being  an  injector 
reliable  every  day  in  the  week. 

It  is  always  well  to  locate  an  injector  as 
close  to  the  boiler  as  possible;  but,  if  the 
steam  is  taken  from  the  upper  part  of  the 
steam  space,  and  not  from  the  bottom  of 
a  large  pipe,  and  the  supply  pipe  is  well 
covered  to  prevent  radiation,  it  may  be 
placed  at  any  reasonable  distance  (say  not 
to  exceed  100  feet)  and  still  work  in  a  satis- 
factory manner. 
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Equalizer — Operation  of  the  Equalizer 


WE  HAVE  seen  that  with  a  shant- wound 
dynamo,  on  account  of  certain  losses 
that  take  place  within  the  machine 
itself,  the  terminal  voltage  falls  off  as  the 
machine's  load  goes  on,  and,  in  order  to  keep 
this  terminal  voltage  at  normal  value  and 
thereby  keep  the  lamps  at  normal  candle- 
power,  resistance  must,  by  means  of  the  field 
rheostat,  be  cut  in  and  out  of  the  field  circuit 
accordingly  as  the  lamp  load  decreases  or 
increases. 

The  series  dynamo  has  not  been  taken  up 
at  all,  because  they  are  not,  as  a  rule,  run  in 
multiple;  but  it  is  a  fact  that  their' terminal 
voltage,  up  to  a  certain  limit,  increases  as 
the  load  increases,  in  spite  of  the  fact  that 
their  internal  losses  increase  also.    This  is 


Fio.  1 

because  all  the  main-line  current  must  pass 
through  the  series  field,  so  that  any  increase 
in  the  value  of  this  current  strengthens  the 
field  in  which  the  armature  turns  and 
necessarily  raises  the  value  of  the  voltage 
that  it  can  generate. 

Since  an  increase  in  the  load  causes  the 
terminal  voltage  on  a  shunt  dynamo  to  fall 
but  that  on  a  series  dynamo  to  rise,  it  would 
seem  to  have  been  a  very  natural  conclusion 
to  draw  that  the  two  devices  might  admit  of 
such  a  combination  as  would  allow  the 
terminal  voltage  to  neither  fall  nor  rise,  but 
remain  the  same  within  certain  load  limits. 
The  good  results  of  this  line  of  reasoning  are 
to  be  found  in  the  compound-wound  dynamo 
as  it  is  today.  The  idea  has  been  carried  to 
a  further  state  of  advancement  than  its  first 


projectors  dared  to  indicate,  for  the  com- 
pound-wound dynamo  can  be  made  to  keep 
the  voltage  constant  either  at  its  own  ter- 
minals or  at  some  point  out  on  the  line 
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where  the  feature  of  constancy  is  of  more 
use  to  the  public. 

Figs.  1,  2,  and  3  are  diagrammatic  sketches 
of  the  shunt-,  series-,  and  compound-wound 
dynamos,  respectively.  In  all  these  sketches 
A I  is  the  armature,  Ki  is  the  main-line 
switch,  X  is  a  lot  of  lamps  that  represent  a 
part  of  the  outside  load;  in  Figs.  1  and  3,  /i 
is  the  shunt  field,  r^  is  the  shunt-field 
rheostat,  Oi  is  the  field  switch;  in  Figs.  2  and 
3,  Fi  is  the  series  field.  In  all  cases,  /i  is 
wound  with  a  fine  wire  of  high  resistance, 
so  that  it  takes  but  a  small  part  of  the  main- 
line current  when  in  muUiple  with  the  out- 
side circuit;  jP\  is  wound  with  a  coarse  wire 
of  very  low  resistance,  so  that  it  takes  up 
very  little  of  the  voltage  when  in  «mc«  with 
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the  outside  circuit;  the  outside  circuit  is  rep- 
resented by  the  lamps  and  their  connecting 
wires. 
It  is  not  hard  to  see  that  the  compound- 
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woond  dynamo  of  Fig.  3  is  made  up  from 
Figs.  1  and  2  superimposed  one  upon  the 
other.  The  compound- wound  dynamo,  there- 
fore, being  a  mixture  of  the  series  and 
shunt  dynamos,  has  some  of  the  character- 
istics of  both.  Like  a  shunt  dynamo  it  can 
hold  its  voltage,  even  when  the  main-line 
switch  is  opien,  and,  like  a  series  dynamo, 
cannot  loee  its  field  on  short  drcuit,  but  can, 
under  this  condition,  throw  belts,  slip 
clutches,  and  cause  all  kinds  of  fireworks  if 
the  automatic  safety  devices  are  at  all  slow 
in  acting.  A  shunt  machine,  for  given  field 
and  armature  connections,  mns  in  the  same 
direction  as  a  motor  that  it  does  as  a 
dynamo.  The  series  machine  runs  in  oppo- 
site directions  in  the  two  cases.  In  which 
direction  the  compound-wound  machine 
will  run  depends  on  the  relative  strengths  of 
its  two  windings  under  the  conditions  gov- 
erning the  occasion  of  its  reversal.  When 
the  machine  runs  as  a  dynamo,  the  source  of 
current  is  in  the  machine  itself,  and  it  passes 
through  the  armature  and  the  series  field 
and  the  shunt  field  in  a  certain  direction,  as 
shown  by  the  arrowheads  in  Fig.  3,  -and  the 
shunt  field  is  a  by-i>ath,  or  shunt,  to  the  out- 
side circuit,  or  lamp  load.  As  soon  as  the 
machine  becomes  a  motor,  the  source  of  cur- 
rent is  outside  of  the  machine;  the  condition 
must  be  conceived,  where,  from  the4>utside 
circuit,  there  is  applied  to  the  terminals  of 
the  machine,  by  means  of  a  dynamo  that 
takes  the  place  of  the  lamps,  a  voltage 
greater  than  that  generated  by  the  machine 
itself;  in  such  a  case  the  voltage  impressed 
from  the  outside  source  overpowers  the  volt- 
age due  to  the  machine  running  as  a  dynamo 
and  backs  a  current  through  the  machine  in 
spite  of  the  efforts  of  the  voltage  of  the 
machine  to  keep  it  from  doing  so.  The 
final  result  is  that  the  machine  is  converted 
from  a  dynamo  into  a  motor;  the  voltage 
that  was  formerly  the  E.  M.  F.  of  the 
machine,  as  a  dynamo,  becomes  its  counter 
voltage,  or  back  pressure,  or  counter  E.  M. 
F.,  as  a  motor. 

By  looking  at  the  arrowheads  in  Fig.  3,  it 
will  be  seen  that  the  effect  of  reversing  the 
flow  of  current  by  means  of  the  greater  im- 
posed outside  E.  M.  F.  would  be  to  reverse  the 
flow  through  the  series  field  and  the  arma- 
ture, but  tiie  fiow  through  the  shunt  field 
would  be  in  the  same  direction  as  before. 
It  is  not  hard  to  see,  then,  since  a  motor's 
direction  of  rotation  depends  on  the  relative 
polarity  of  its  armature  and  fields,  and  since 
this  relative  polarity,  in  turn,  depends  on 
the  direction  of  the  current  flow  around  the 


respective  coils,  and,  further,  in  the  case  in 
hand,  since  the  current  flows  around  the 
shunt  and  series  coils  in  opposite  directions, 
that  the  two  windings  in  this  case  are  of 
opposing  polarities,  and  therefore  try  to 
urge  the  armature  around  in  opposite  direc- 
tions. The  winding  that  is  the  stronger 
under  the  conditions  imposed  will  dictate 
the  resultant  polarity  of  the  flcld  and  thereby 
dictate  the  direction  of  rotation. 

The  above  departure  may  strike  the  reader 
as  somewhat  irrelevant  to  the  subject  in  hand, 
but  future  developments  may  change  his 
mind.  As  is  the  case  of  a  shunt  dynamo, 
the  fact  that  the  fine-wire  field  of  the  com- 
pound-wound dynamo  may  be  entirely  inde- 
pendent of  the  position  of  the  main-line 
switch  well  adapts  the  machine  to  be  thrown 
into  multiple  with  other  machines  of  its 
kind.  When  so  disposed,  however,  the  fol- 
lowing points  must  be  borne  in  mind:  When 
a  compound-wound  machine  is  to  be  run  as 
a  dynamo,  either  alone  or  in  multiple  with 
others,  its  shunt  and  series  fields  must  be  so 
connected  that  they  help  each  other.  There 
is  little  or  no  chance  of  getting  the  shunt 
field  permanently  connected  wrong,  for  in 
such  a  case  the  dynamo  could  not  be  made 
to  ''pick  up''  its  own  field;  but  there  is  a 
chance  to  get  the  series  field  connected  in 
end  for  end,  in  which  case  the  dynamo  will 
''  pick  up  "  and  hold  its  fleld  on  open  circuit. 
When  the  line  switch  is  closed,  however,  and 
it  is  tried  to  make  the  dynamo  tisike  a  load, 
it  will  refuse  to  do  so,  beotuse  as  soon  as  the 
main  current  starts  to  go  through  the  series 
windings,  their  reversed  magnetizing  force 
opposes  that  of  the  shunt  winding,  with  the 
result  that  a  part  of  the  properly  directed 
field  magnetic  lines  of  force  is  neutralized 
so  that  the  voltage  is  pulled  down. 

If  the  dynamo  so  connected  is  alone  on 
the  load,  there  wiU  be  no  other  manifesta- 
tion than  inability  to  make  it  take  its  load; 
but  if  the  dynamo  is  thrown  on  to  a  load 
already  fed  by  other  dynamos,  the  demon- 
stration is  apt  to  be  more  violent,  as  will 
be  shown  later.  When  compound-wound 
dynamos  are  to  be  run  in  multiple,  the  in- 
stability of  their  series  fields  calls  for  the  use 
of  a  special  device,  known  as  the  equoHxer. 

A  great  many  people  have  a  vague  idea 
as  to  what  an  equalizer  is  and  what  it  is  used 
for,  but  not  so  many  have  even  a  vague  idea 
as  to  how  it  does  its  work.  The  object  of 
the  equalizer  is  to  make  possible  what  would 
otherwise  be  impossible  under  ordinary  con- 
ditions: the  running  in  multiple  of  two  or 
more  compound  wound  dynamos  whose  arm- 
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atares  are  not  rigidly  connected.  The  equal- 
iser, under  all  conditions  save  one,  can  be 
made  to  regulate  several  compound-wound 
djmamoe  running  in  multiple  so  that  each 
will  take  its  share  of  the  load  and  will  do  its 
share  of  the  work.  If  the  dynamos  are  of 
the  same  size  and  make,  the  equalizer,  if 
of  the  right  size,  can  make  them  share  their 
loads  perfectly.  If  the  dynamos  are  of  the 
same  make  and  therefore  of  the  same  gen- 
eral design  but  not  of  the  same  size,  the 
equalizer  may  be  able  to  look  after  them 
without  the  aid  of  any  other  device,  and 
again  it  may  not  be  able  to.  If  the  dyna- 
mos are  not  only  of  di£ferent  sizes  but  of 
different  makes,  it  may  be  that  the  equalizer 
can  be  of  little  use  except  at  great  expense. 
Each  of  these  conditions  will  be  taken  up. 

To  b^gin  with,  let  us  suppose  that  the 
two  dynamos  are  as  nearly  alike  in  every 
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respect  as  it  is  possible,  without  extraordi- 
nary effort,  for  one  maker  to  turn  them 
out.  In  such  a  case,  the  machines  will 
be  of  the  same  output;  they  will  be  com- 
posed of  about  the  same  quality  of  iron  or 
steel,  and  the  resistances  of  their  respective 
internal  copi>er  parts  will  be  about  the 
same;  also  they  will  run  at  the  same  speed. 
The  equalizer  looks  after  minor  variations 
in  speed  due  to  defective  governing,  so  that 
within  narrow  limits  the  speed  item  is 
cared  for.  Before  delving  into  the  ftinction 
proper  of  the  device,  let  us  see  how  it 
ought  to  be  connected  and  what  means 
there  are  for  being  certain  that  it  is  con- 
nected that  way,  and  also  how  its  presence 
affects  the  modua  operandi  of  throwing  a 
machine  into^or  out  of  service  with  others. 


In  Fig.  4,  Ai,  /\,  /i,  ri,  d,  and  K^  are, 
respectively,  the  armature,  series  field,  shunt 
field,  field  rheostat,  field  switch,  and  main- 
line switch  of  a  compound-wound  dynamo 
that  we  will  call  the  No.  1  dynamo;  A^, 
^if  fit^iy  Ott  and  Kj  are  the  same,  respect- 
ively, on  a  dynamo  that  we  will  caU  the 
No.  2  dynamo.  Oi  0,  is  the  equalizer,  which 
is  nothing  more  than  a  stout  bar  or  cable 
of  copper,  with  a  switch  K  cut  into  it  at 
some  point,  such  as  a:,  to  throw  the  device 
into  or  out  of  service,  as  occasion  may 
require;  X  is  a  lot  of  lamps  representing  a 
part  of  the  outside  load.  The  bus-bars  are 
heavy  bars  of  copper  to  which  like  terminals 
of  all  the  dynamos  go;  the  lines  to  the 
different  i>arts  of  the  service  are  tapped 
on  to  this  common  source  of  supply.  Mi 
and  ift  are  automatic  circuit-breakers,  one 
for  each  machine;  each  machine  has  also 
an  ammeter  Ti,  T,.  Last,  a  voltmeter  V 
is  arranged  so  that  the  voltage  on  any 
dynamo  in  the  station  or  the  voltage  on 
the  line  can  be  read.  In  Fig.  4,  if  the 
voltmeter  plugs  are  shoved  into  plug  holes 
1  and  St  the  meter  indicates  the  voltage  on 
the  No.  1  dynamo;  in  holes  fB  and  S  it 
indicates  the  voltage  on  the  No.  2  dynamo. 
The  voltmeter  is  always  put  where  it  can 
be  seen  when  the  dynamo  tender  is  adjust- 
ing any  of  the  field  rheostats. 

In  Fig.  4,  the  series-field  end  of  each 
dynamo  goes  to  the  positive  bus-bar;  the 
other  end  of  each  dynamo  passes  through 
its  main-line  switch  to  the  negative  bus- 
bar. The  equalizer  runs  from  the  series- 
field  brush  on  one  machine  to  the  series-field 
brush  on  the  other.  It  does  not  matter 
how  many  dynamos  there  are  in  use,  all 
of  those  on  the  same  load  have  their  series- 
field  brushes  connected  through  a  switch 
to  a  third  heavy  copper  bar  called  the 
equaUzer  bar. 

In  Fig.  4,  the  two  series-field  brushes  to 
which  the  equalizer  runs  are  shown  as  the 
positive  brushes,  because,  as  a  rule,  this 
is  the  case  in  actual  practice;  but  if  the 
two  series-field  brushes  were  both  negative 
brushes,  the  equalizer  would  work  just  as 
well.  The  cast-iron  rule  to  be  laid  down  in 
regard  to  connecting  the  equalizer  is  that 
it  shall  in  all  cases  go  to  the  series-field 
brushes,  and,  further,  that  the  series- 
field  brushes  shall  be  of  the  same  sign- 
all  positive  or  all  negative.  To  insure  that 
they  shall  be  of  the  same  sign,  a  voltmeter 
must  be  used  as  follows:  With  both  line 
switches  open  and  both  shunt  fields  excited, 
hold   the  volt  lines   across  both  pairs   of 
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brush  holders,  one  pair  at  a  time;  if  on  the 
first  pair  tried  the  voltmeter  needle  shoold 
deflect  to  the  wrong  side  of  the  zero  mark 
on  the  scale,  reverse  the  points  of  applica- 
tion of  the  volt  lines  so  that  the  needle 
will  throw  on  to  the  scale.  The  polarity  of 
the  voltmeter  connecting  posts  is  generally 
marked  on  the  meter  itself. 

Assuming  that  the  needle  throws  right,  it 
may  be  certain  that  the  positive  brush 
holder  is  connected  to  the  positive  post  and 
the  negative  one  to  the  negative  post.  With 
a  piece  of  chalk,  mark  the  sign  of  the  series- 
field  brush  holder.  Now  go  to  the  next 
machine,  find  the  polarity  of  its  series  field 
brush  and  mark  it.  If  the  signs  of  the  two 
series-field  brushes  are  the  same,  the  final 
connection  of  the  ends  of  the  equalizer  is  in 
order.  If  the  voltmeter  used  should  have 
no  marks  to  distinguish  the  positive  and 
negative  posts,  tie  a  knot  in  one  of  the  test 
lines  and  proceed  as  before  to  try  each 
machine.  If,  when  the  needle  throws  on  the 
scale,  the  same  voltmeter  line  rests  on  the 
series  brush  in  both  cases,  it  shows  the  series 
brushes  to  be  of  the  same  sign  and  there- 
fore in  condition  to  receive  the  ends  of  the 
equalizer.  If  the  two  series-field  brushes 
should  prove  to  be  of  unlike  sign,  it  would 
result  in  a  short  circuit  through  the  arma- 
tures of  the  two  dynamos  when  their  line 
switches  were  closed.  If  the  equalizer  should 
run  firom  the  series-field  brush  on  one 
dynamo  to  the  main-line  switch  brush  on 
the  other,  the  result  would  be  a  short  circuit 
as  soon  as  the  equalizer  switch  was  closed, 
even  were  both  main-line  switches  open. 
In  the  first  case,  the  trouble  is  caused  by  the 
two  armatures  being  thrown  in  series  instead 
of  in  multiple  through  the  local  path  Fi-Mi- 
Mi-F^-Ai-K^-T^-T^-Ki-Ai-Fi.  Both  circuit- 
breakers  being  in,  one  of  them  might  fly  out 
in  time  to  avoid  serious  trouble,  but  if  the 
equalizer  switch  happened  to  be  in,  creating 
a  short  circuit  through  the  path  Ai-Oy-K- 
Ot-Ai-K^-Tf-Ti-Ki-Ai,  the  only  hope  of 
speedy  relief  would  lie  in  the  weakness  that 
shuDt  dynamos  have  for  dropping  their 
fields  on  short  circuit;  for  it  must  be  borne 
in  mind  that  if  JE*  is  closed,  not  only  are  the 
circuit-breakers  cut  out  of  action,  but  so  are 
the  two  series  windings,  so  that  the  machines 
cannot  hold  a  field  on  short  circuit. 

In  the  second  case,  the  trouble  is  caused 
by  both  sides  of  the  same  dynamo  being 
brought  together  through  the  equalizer;  for, 
in  Fig.  4,  suppose  that  the  equalizer  is  run 
from  the  series  brush  of  the  No.  1  dynamo 
to  the  main-line  switch  brush  of  the  No.  2: 


in  this  case  there  would  be  a  dead  short  cir- 
cuit through  the  path  -4,-F,-3f,-3fi-J\-0i- 
JT-Ji.  If  the  equalizer  were  run  from  the 
series-field  brush  of  the  No.  2  dynamo  to  the 
mainline  switch  brush  on  the  No.  I,  the  short 
circuit  would  take  place  through  the  path 
Ai-Fi-Mi-MY-F^-Or-K-Ai.  In  either  case,  it 
is  only  necessary  to  close  the  equalizer  switch 
to  make  trouble,  because  in  both  cases  one  of 
the  armatures  with  its  series  field  is  short- 
circuited  through  the  series  field  of  the 
other  dynamo,  and  the  short  circuited 
dynamo,  acting  as  a  simple  series  machine 
on  short  circuit,  can  generate  a  power- 
ful current  even  if  all  the  shunt- field 
switches  are  open.  In  case  the  equalizer  is 
so  connected,  either  dynamo  can  be  run 
alone  on  the  load,  if  the  switch  K  is  left 
open.  However,  upon  any  such  symptoms 
showing  up,  the  matter  should  be  looked 
into  at  once  and  the  trouble  righted.  If  the 
use  of  both  machines  is  absolutely  necessary 
until  such  time  as  the  load  will  permit  one 
of  them  to  be  cut  out,  then  cut  out  both  of 
the  series  windings,  leave  K  open,  and  run 
the  two  dynamos  together  as  simple  shunt 
dynamos  with  hand  r^ulation. 

In  case  the  equalizer  is  run  between  the 
two  series-field  brushes,  as  it  ought  to  be,  but 
one  of  the  series-field  brushes  is  of  the  wrong 
polarity,  the  polarity  of  the  dynamo  must  be 
reversed.  If  the  shunt  field  on  the  &ulty 
dynamo  is  connected  across  the  bus-bars  as 
shown  in  Fig.  4,  the  line  voltage  dictates  the 
polarity  of  the  dynamo,  so  that  it  cannot 
develop  the  wrong  sign  unless  its  fields  are 
connected  wrong,  in  which  case  the  dynamo 
will  refuse  to  pick  up  its  own  field  when  on 
the  load  alone.  Why  this  is  has  been 
explained  in  another  article.  If,  however, 
the  shunt  field,  instead  of  being  connected 
across  the  line  and  thus  in  a  way  separately 
excited,  is  connected  on  the  inside  of  the 
main-line  switch  at  some  such  point  as  S, 
Fig.  4,  the  machine  then  becomes  self-exci- 
ting, in  which  case  it  is  liable  to  sign  reversal 
that  may  not  be  found  out  until  it  causes 
trouble.  To  reverse  the  polarity  of  the 
machine,  we  will  say  for  the  present,  until 
future  developments  show  a  better  way,  lift 
one  set  of  brushes  (all  the  positive  or  all  the 
negative)  or  disconnect  one  of  the  armature 
leads  so  that  the  current  cannot  reach  the 
armature,  and  throw  in  the  main-line  switch 
Ki,  If  the  No.  2  dynamo  is  running,  it  will 
send  a  current  through  /j  and  charge  it  to 
the  right  polarity.  The  main-line  switch 
must,  of  course,  be  opened  before  the  arma- 
ture circuit  is  again  completed;  if  it  is  not, 
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and  the  No.  1  dynamo  is  standing  still,  it 
will  not  be  long  in  starting  as  a  motor,  and 
perhape  too  in  the  wrong  direction. 

When  testing  the  polarity  of  the  brashes, 
preparatory  to  installing  the  equalizer,  do 
not  let  the  voltmeter  needle  deceive  you. 
Some  voltmeter  needles  have  a  mean  way  of 
sticking  on  the  wrong  side  of  the  zero  mark, 
and  they  always  stick  at  a  time  when  the 
fkolt  ifi  apt  to  cause  trouble.  For  instance, 
in  one  case  the  needle  will  throw  to  the  right 
side  of  zero,  and  when  the  voltmeter  lines 
are  removed  it  will,  of  course,  fly  back  to 
zero;  but  instead  of  stopping  at  zero,  it  goes  to 
the  other  side  and  sticks  there.  I  f  the  tester 
does  not  happen  to  notice  this,  the  next 
time  the  lines  are  applied,  the  needle  shows 
a  reversed  polarity,  whether  the  polarity  is 
reversed  or  not,  because  the  small  current 
that  goes  through  the  instrument  has  not 
power  enough  to  start  it.  The  result  is  that 
the  tester  acts  according  to  the  misleading 
indications,  and  the  next  thing  he  knows 
he  is  dodging  pulleys  and  belts  and  what- 
ever else  may  happen  to  be  flying  around 
his  way.  This  weakness  that  many  volt- 
meters and  ammeters  have,  has  caused  a 
great  deal  of  trouble,  all  of  which  could  have 
been  easily  avoided  by  simply  tapping  the 
meter  with  the  flnger  before  relying  on  its 
reading.  The  tester  should  always  satisfy 
himself  that  none  of  his  instruments  stick. 

It  ought  to  be  safe  to  assume  now  that, 
with  the  knowledge  in  hand,  the  equalizer 
is  connected  to  the  proper  brush  holder  and 
that  the  brush  holders  are  of  the  same  sign, 
as  shown  in  Fig.  4.  In  order  to  better  real- 
ize the  great  advantages  of  the  equalizer, 
let  us  see  what  happens  when  it  is  tried  to 
run  two  com  pound- wound  dynamos  together 
without  an  equalizer.  Let  the  equalizer  re- 
main intact,  but  let  its  switch  K  stay  open, 
so  that  the  device  cannot  act.  Suppose  both 
dynamos  to  be  in  circuit  and  to  be  running 
along  smoothly  on  a  certain  load  that  is 
equidly  divided  between  them.  Now,  sup- 
pose that,  for  some  reason  or  other,  the 
voltage  generated  by,  say,  the  No.  1  dynamo 
drops  a  little.  (It  may  drop  because  the 
engine  to  which  the  dynamo  is  belted  or 
clutched  drops  a  little  in  speed;  or  it  may 
drop  on  account  of  a  belt  or  a  clutch  slip- 
pmg,  or  because  the  machine's  shunt  fleld 
heats  up  a  little  faster  than  the  shunt  fleld 
on  the  No.  2  dynamo,  or  because  a  slight 
difference  in  the  construction  or  material  of 
construction,  or  the  position  of  the  brushes 
on  one  of  the  dynamos  enables  it  to  gen- 
erate    a    slightly    higher   voltage    at    a 


given  load  than  its  mate  can.)  The  part 
of  the  load  that  each  dynamo  wUl  take 
depends  on  the  voltage  that  it  generates; 
this,  in  turn,  depends  on  the  strength  of  the 
shunt  and  series  flelds.  As  soon  as  the  volt- 
age goes  down  a  little,  then,  let  it  be  due  to 
whatever  cause  it  may,  the  No.  1  dynamo 
shirks  a  little  of  its  load;  the  current 
through  its  series  coils  becoming  less,  their 
ability  to  supply  magnetism  becomes  less, 
BO  the  voltage  goes  down  still  more  and  the 
machine  loses  more  load.  In  the  mean- 
while the  No.  2  dynamo  has  acquired  more 
than  its  share  of  the  load;  its  series-field  is 
therefore  strong  and  its  voltage  well  up. 
The  very  fact  that  the  load  on  the  No.  1 
dynamo  has  gone  down  and  that  on  the  No. 
2  dynamo  up,  tends  to  again  equalize  the 
potentials  on  the  two  machines  and  cause 
them  to  share  the  load  more  evenly,  because 
if  the  No.  1  dynamo's  voltage  went  down  in 
the  first  place  on  account  of  an  overload  that 
caused  its  belt  or  clutch  to  slip  or  its  steam 
engine  to  slow  down,  the  assumption  of  a 
part  of  the  load  by  the  No.  2  machine 
relieves  the  No.  1  machine  and  allows  it  to 
get  back  into  normal  condition;  but  the 
chances  are  that  it  does  not  get  so  much 
relief  until  the  undue  load  thrown  on  the 
No.  2  machine  causes  its  belt  to  slip,  or 
something  of  the  sort  to  take  place,  and  so 
the  load  seesaws  from  one  machine  to  the 
other,  first  one  belt  or  clutch  slipping  and 
then  the  other.  If  the  load  is  such  that 
neither  machine,  when  running  normally,  is 
anywhere  near  full  load,  there  is  lots  of 
margin  for  variation,  and  no  particular 
harm  can  come  from  the  seesawing  effect, 
aside  from  the  fiact  that  it  is  a  very  uneco- 
nomical way  to  run.  Also,  a  good  dynamo 
tender  would  never  allow  two  half-loaded 
machines  to  stay  on  the  load  when  one  fully 
loaded  one  would  be  a  great  deal  more  eco- 
nomical. When,  however,  the  total  load  is 
such'  that  both  machines  are  somewhere 
near  full  load,  they  cannot  be  run  without 
an  equalizer  with  any  success,  because  the 
swell-like  variations  in  load  result  in  heavily 
overloading  first  one  dynamo  and  then  the 
other,  with  the  final  result  that  there  is 
wicked  sparking  at  the  brush  holders,  occa- 
sionally fiashing  over  from  one  holder  to  the 
other,  and  wholesale  slipping  of  belts. 

If  the  belt  files  off  a  machine,  as  they 
often  do,  its  dynamo,  being  still  in  electrical 
connection  with  the  line,  has  a  current 
backed  through  it  and  is  run  as  a  motor, 
perhaps  in  the  opposite  direction  to  what  it 
has  been  running  as  a  dynamo.    In  such  a 
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case,  the  only  thing  that  can  avoid  disaster 
is  quick  action  on  the  part  of  the  circuit- 
breaker.  To  emphasize  the  effect  of  the 
seesaw  action  that  takes  place  between  two 
dynamos  that  may  be  ran  in  multiple  without 
any  equalizer  connection,  it  can  be  stated 
that  the  two  dynamos  can  be  so  run  without 
any  great  amount  of  demonstration  if  the 
belts  on  both  machines  are  loose,  so  that 
they  can  slip  freely.  Under  this  condition, 
if  for  any  reason  one  machine  takes  a  little 
more  load  than  the  other,  its  belt  begins  to 
slip,  the  speed  of  its  armature  drops,  its  volt^ 
age  goes  down,  and  it  loses  some  of  its  load, 
which  is  then  taken  by  the  other  dynamo, 
which  goes  through  a  similar  cyde  of  opera- 
tions, finally  resulting  in  the  slipping  of  its 
belt.  So  the  load  goes  on,  changing  from 
one  dynamo  to  the  other,  neither  dynamo 
being  allowed  to  get  up  to  full  load  nor  down 
to  no  load,  for  as  soon  as  any  kind  of  load 
comes  its  way  its  belt  slips  and  dumps  it, 
while  as  soon  as  its  load  gets  down  anyway 
low,  the  other  machine  dumps  the  load  back 
on  to  it  again. 

It  is  not  hard  to  see  that  two  machines  so 
run,  while  actually  demonstrating  that  they 
can  be  run  without  an  equalizer,  would  be  of 
very  little  commercial  use,  because,  aside 
from  the  fjEust  that  constant  slipping  of  a  belt 
is  a  very  bad  thing  for  the  belt  itself,  it  is 
impossible  to  get  anywhere  near  the  full  load 
of  one  machine  on  to  both  of  them— «  very 
uneconomical  condition  under  which  to  run. 
It  would  be  much  better  to  shut  down  one 
machine  altogether  and  put  all  the  load  on 
the  remaining  one.  It  is  very  interesting  to 
watch  the  ammeters  on  two  dynamos  so 
belted;  first  one  and  then  the  other  goes  up 
and  down.  As  a  final  resort,  where  the 
natures  of  two  dynamos  are  so  different  that 
they  cannot  be  run  together,  even  with  the 
equalizer,  it  is  the  custom  to  divide  the  cir- 
cuits so  that  each  machine  can  look  after  a 
part  or  all  of  the  load,  according  to  the 
demand. 

Now  let  us  suppose  that  with  the  con- 
nections given  in  Fig.  4,  that  the  No.  1 
dynamo  is  on  the  load  and  that  there  is 
a  sudden  demand  for  the  No.  2  machine. 
Under  this  condition  the  K^  and  Q  switches 
are  closed  and  the  Mi  circuit-breaker  is,  of 
course,  in.  To  switch  in  the  No.  2  machine, 
dose  Q,  adjust  the  voltage  on  No.  2  to  110 
volts  by  means  of  the  field  rheostat  r„  dose 
the  equalizer  switch  K  and  right  after  it  the 
main-line  switch  JT,.  If  everything  is  as  it 
should  be,  the  load  will  immediately  divide 
itself  equally  between  the  two  dynamos,  if. 


as  has  been  supposed,  they  are  alike  in  every 
respect  More  often  than  not,  the  two  dyna- 
mos will  not  be  exactly  alike  in  every  respect, 
with  the  result  that  first  one  and  then  the 
other  will  carry  a  little  more  load  than  its 
mate.  It  is,  however,  very  often  the  case 
that  an  apparent  unequal  distribution  of  load 
is  due  to  neither  dissimilarity  in  the  dynamos 
nor  to  lack  of  effidency  in  the  equalizer  sys- 
tem, but  to  a  difference  in  the  reading  of  the 
two  ammeters  that  are  supposed  to  be  alike 
but  as  a  matter  of  fact  are  not  Ordinarily, 
these  ammeters  should  be  compared  about 
once  a  year  with  an  ammeter  that  is  known 
to  be  correct.  In  case  the  instrument  is  sub- 
jected to  the  effect  of  an  unusually  prolonged 
short  circuit  through  it,  it  should  be  checked 
up  at  once.  Such  inequalities  in  reading  are 
more  apt  to  occur  on  ammeters  that  read  the 
drop  from  a  standard  resistance  (called  a 
shunt)  than  on  those  through  which  the  whole 
current  flows;  because,  in  the  Stsi  case,  since 
the  reading  of  the  meter  depends  on  the  rela- 
tive resistance  of  the  meter  drcuit  and  the 
shunt,  any  slight  change  in  either  will  affect 
the  reading;  a  bad  joint  or  a  blow  to  one  of 
the  shunt  wires  from  a  workman's  tool  will 
change  the  rdation.  In  the  second  case,  it 
does  not  matter  how  many  bad  or  loose 
joints  there  are  in  the  meter  circuit;  if  the 
current  can  fiowat  all  it  must  go  through 
the  meter,  which  tells  exactly  how  much 
is  fiowing.  When  a  series  ammeter  is  off  in 
its  readings,  the  trouble  must  be  looked  for 
in  the  instrument  itself  and  not  in  its  con- 
nections. 

Let  us  suppose  that  the  meters  and  every- 
thing else  are  in  good  order,  and  see  what 
takes  place  when  the  equalizer  switch  is 
dosed.  It  is  not  very  hard  to  see  that  the 
effect  of  closing  switch  JT  is  to  put  the  series 
coils  of  the  two  dynamos  in  multiple,  i.  e., 
the  equalizer  Oi  O^  is  in  series  with  field  J^ 
and  the  two  in  series  are  in  multiple  with 
field  Fi  of  the  active  machine,  so  that  the 
current  leaving  armature  A^  on  reaching 
point  Oi  has  two  paths  by  which  to  reach 
the  +  bus-bar.  Part  of  it  takes  the  path 
d-Fi-Mi  through  the  series  coils  of  the  No.  I 
machine,  and  part  of  it  takes  the  path  Oi-K- 
Or-F,-Mi,  Bear  in  mind  that  the  line 
switch  Kj  on  the  No.  2  dynamo  is  yet  open, 
so  the  No.  2  djrnamo  can  send  no  current; 
but  the  No.  2  dynamo  has  voltage,  due  not 
only  to  the  fact  that  its  shunt  field  has  been 
adjusted  to  give  110  volts  on  open  circuit, 
but  also  to  the  &ct  that  part  of  the  current 
from  the  No.  1  dynamo  passes  through  its 
series  coils.    The   closing   of  K  then  robe 
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the  Fi  Beries  field  of  a  part  of  its  carrent  and 
giyei  it  to  the  J^,  serieB  field,  with  the  result 
that  the  No.  1  dynamo's  field  being  thus 
weakened,  its  voltage  goes  down,  but  the 
Ko.  2  dynamo's  field  being  strengthened,  its 
voltage  goes  up. 

A  carrent  cannot  flow  between  two  points 
onlees  those  two  points  are  at  different  poten- 
tials, any  more  than  water  can  fiow  between 
two  points  unless  those  two  points  are  at  dif- 
ferent levels  or  pressures.  The  end  0^  of  the 
equalizer  is  at  a  higher  potential  than  the 
end  Ox,  BO  a  carrent  fiows  from  0^  to  0,  to 
the  +  bus-bar,  and  in  doing  so  passes  through 
Fi»  As  soon  as  the  mainline  switch  K,  is 
cLoeed,  the  No.  2  armatare  becomes  active 
and  the  dynamo  takes  a  part  of  the  load. 
As  soon  as  this  takes  place  the  potential 
throughout  the  path  Tf-Kt-Ai-Fi-M^  is 
raiaed  and  so  is  that  of  point  0,.  The  poten- 
tial of  the  whole  line  is  raised,  because  each 
machine  is  able  to  look  after  its  own  field 
and  neither  is  robbed.  In  other  words,  as 
soon  as  the  load  going  through  each  machine 
is  the  same,  the  drop  in  voltage  through  each 
takes  place  at  the  same  rate,  corresponding 
parts  of  the  two  machines  being  alike,  and  it 
is  not  long  before  the  two  ends  of  the  equali- 
zer are  at  the  same  potential,  and  current 
erases  to  fiow  through  it.  In  this  condition, 
the  load  is  said  to  be  equalized.  Let  the  volt- 
age now,  for  some  reason  or  other,  drop  a  little 
on  the  No.  2  dynamo.  There  will  at  once  be 
a  redistribution  of  the  voltage— a  kind  of 
shifting  along  the  circuit,  as  it  werev^of  the 
voltage  in  the  No.  2  djmamo's  circuit;  in 
other  words,  the  total  voltage  generated  by 
the  dynamo  being  less  than  it  was  before, 
but  the  number  and  succession  of  points  for 
it  to  drop  through  being  the  same,  each 
point  cannot  command  the  same  pressure  it 
did  before  the  drop,  so  the  pressure  on  the 
Oi  end  of  the  equalizer  falls  and  current 
again  fiows  from  the  Na  1  dynamo  to  the 
field  of  the  No.  2  dynamo,  brings  up  its 
voltage,  and  makes  it  take  more  load.  If 
for  any  reason  the  voltage  should  drop  on 
the  No.  1  dynamo,  the  potential  of  the  Oi 
end  of  the  equalizer  would  frdl  and  allow  a 
flow  of  current  to  take  place  from  the  No.  2 
dynamo  to  the  series  field  of  the  No.  1  to 
bring  up  its  voltage  and  once  more  equalize 
the  load. 

However,  a  little  thought  and  a  look  at 
Fig.  4  will  show  that  there  is  a  limit  of 
voltage  variation  beyond  which  the  equalizer 
is  unable  to  keep  up  the  voltage  of  the  lag- 
ging machine.    The  maximum  current  can 


flow  from  one  dynamo  through  the  series 
field  of  the  other,  when  the  latter^s  line 
switch  is  open,  in  which  case,  if  the  resist- 
ance of  the  two  fields  is  the  same  and  that 
of  the  equalizer  is  so  small  that  it  can  be 
neglected,  the  current  divides  into  two  equal 
parts,  one  pari;  going  through  the  field  of 
each  dynamo.  The  only  condition  under 
which  more  current  than  this  can  pass  from 
one  to  the  other  is  when  the  voltage  on  one 
machine  becomes  so  low  that  it  is  unable  to 
look  after  its  load  at  all,  in  which  case  the 
line  voltage  backs  a  current  through  the 
dynamo  and  runs  it  as  a  motor.  Between 
these  limits  the  equalizer  will  equalize  .the 
loads,  but  it  cannot  hold  the  voltage  on  the 
line  at  its  normal  value,  because  the  act  of 
equalization,  beyond  certain  limits,  pulls 
down  the  line  voltage  by  diverting  current 
from  one  machine  to  the  other,  where  it  will 
not  be  sustained  by  as  much  support  from 
the  shunt  winding.  As  soon  as  the  line 
voltage  goes  down  at  all,  it  meauB  that  not 
so  much  pressure  is  applied  to  the  terminals 
of  the  shunt  windings,  so  that  the  field 
strength  and  voltage  contributed  by  those 
windings  becomes  less. 

To  state  the  condition  from  another  i>oint 
of  view:  In  order  for  the  equalizer  to  do  its 
work  right,  it  is  necessary,  when  the 
machines  are  under  load,  that  some  current 
value  less  than  the  current  that  will  fiow 
from  the  leading  machine  to  the  field  of  the 
lagging  one,  when  the  leading  machine  is 
under  frill  load  and  the  line  switch  on  the 
lagging  machine  is  open,  be  sufficient  to 
restore  the  voltage  on  the  lagging  machine 
to  its  normal  value.  If  the  voltage  on  the 
lagging  dynamo,  for  some  cause  or  other, 
gets  so  low  that  an  equalizing  current  equal 
to  one-half  the  total  current  that  flows  when 
one  machine  is  under  frdl  load,  will  not 
frimish  magnetism  enough  to  the  lagging 
machine  to  restore  its  voltage  to  normal 
value,  the  virtue  of  the  equalizer  is  gone,  so 
far  as  maintaining  constant  line  voltage  is 
concerned,  and  the  lagging  machine  acts  like 
a  simple  shunt- wound  dynamo.  It  is  a  com- 
fort to  know,  however,  that  such  a  great 
disparity  in  the  voltages  is  not  apt  to  occur 
unless  there  is  something  very  unusual  the 
matter.  Such  a  condition  of  affairs  can  be 
brought  about  by  opening  the  shunt^field 
switch  on  one  of  the  dynamos,  or  by  break- 
ing one  of  its  shunt-field  wires.  A  condition 
just  as  demonstrative  will  be  brought  about 
if  the  steam  is  shut  off  one  of  the  engines 
without  cutting  out  the  dynamo  belted  to  it 


( To  be  OonUnued.) 
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Finding  the  Length  op  Belts — Width  of  Belts  and  Horsepower  TRANSMirrxD— Gabe 
OP  Belts — Flapping — Lacing  Belts 


A  BELT  is  a  flexible  connecting  band  that 
drives  a  puUey  by  its  frictional  resist- 
ance to  slipping  at  the  surface  of  the 
polley.    Belts  are  most  commonly  made  of 
leather,  cotton,  or  rubber,  and  united  in  long 
lengths  by  cementing,  riveting,  or  lacing. 

Leather  belts  are  made  single  and  double. 
A  single  belt  is  one  composed  of  a  single 
thickness  of  leather;  a  double  belt  is  com- 
posed of  two  thicknesses  of  leather,  cemented 
and  riveted  together  the  whole  length  of 
the  belt. 

Cotton  belts  are  in  use  to  some  extent,  as 
are  also  belts  made  of  a  number  of  layers  of 
duck  sewed  together  and  impregnated  with 
a  preparation  rendering  them  waterproof. 
These  belts,  in  accordance  with  the  number 
of  layers,  or  "plys,"  are  called  two-ply, 
three-ply,  etc.  Four-ply  cotton  and  duck 
belting  is  about  equal  to  single  leather  belt- 
ing, and  eight- ply  to  double  leather  belting. 

Rubber  belts  are  especially  adapted  for 
use  in  damp  or  wet  places;  they  will  endure 
a  great  d^ree  of  heat  or  cold  without  injury, 
are  quite  durable,  and  are  claimed  to  be  less 
liable  to  slip  than  leather  belts. 

In  practice,  the  necessary  length  for  a 
belt  to  pass  around  pulleys  that  are  already 
in  their  position  on  a  shaft  is  usually  ob- 
tained by  passing  a  tape  line  around  the 
pulleys,  the  stretch  of  the  tape  line  being 
allowed  as  that  necessary  for  the  belt.  The 
lengths  of  open-running  belts  for  pulleys 
not  in  position  can  be  obtained  approxi- 
mately as  follows: 

Rule  I. — The  length  of  an  open-running 
belt  equcUs  S^  times  one-half  the  mm  of  the  dir 
ameters  of  the  pvUeys  phis  twice  the  distance 
between  the  centers  of  the  shafts, 

LetD  =  diameter  of  one  pulley,  in  inches; 
Di=  diameter    of  other    pulley,    in 

inches; 
L  =  distance   between     centers    of 

shafts,  in  inches; 
B  =  length  of  belt,  in  inches. 

Then, 

Example. — The  distance  between  the  cen- 
ters of  two  shafts  is  9  feet  7  inches;  the  di- 
ameter of  the  laige  pulley  is  36  inches,  and 


the  diameter  of  the  small  one  is  14  inches; 
what  is  the  necessary  length  of  the  belt? 

Solution. — Applying  Rule  I,  and  substi- 
tuting the  values  given,  we  have,  since 
9  feet  7  inches  =  115  inches, 

B  =  Z\  Q^^~)  +2  X115  =  311t  in., 

or  25  ft.  Ill  in*  Ans. 

The  length  of  crossed  belts  cannot  be 
determined  by  any  simple  calculation. 

A  belt  ehould  be  wide  enough  to  bear 
safely,  and  for  a  reasonable  length  of  time, 
the  greatest  tension  that' will  be  put  on  it 
This  will  be  the  tension  of  the  driving  side. 
The  safe  tension  for  single  belts  may  be 
taken  as  60  pounds  per  inch  of  width,  single 
belts  averaging  ^^  inch  in  thickness.  The 
tension  on  the  driving  side,  however,  does 
not  represent  the  force  tending  to  turn  the 
pulley.  The  force  tending  to. turn  the  pulley, 
or  the  effedxce  puU,  is  the  difference  in  tension 
between  the  driving  side  and  the  slack  side 
of  the  belt.  The  tension  on  the  driving  side 
depends  on  three  fEustors:  the  effective  pull 
of  the  belt,  the  coefficient  of  friction  between 
the  belt  and  pulley,  and  the  size  of  the  arc 
of  contact  of  the  belt  on  the  smaller  pulley. 

The  effective  pull  that  may  be  allowed 
per  inch  of  width  for  single  leather  belts 
with  different  arcs  of  contact  (the  arc  in 
which  the  belt  touches  the  smaller  pulley)  is 
given  in  the  following  table: 


Arc  Covered  by  Belt. 

1       Allowable 

:    Effectlye  Pall 

Degrees. 

Fraction  of 
Circamference. 

per  Inch  of 
Width.  Fonndt. 

90 

.25 

28.0 

112% 

.812 

I             27.4 

120 

.833 

28.8 

185 

.875 

1             81.8 

150             ; 

.417 

1             83.8 

157J^ 

.487 

34.9 

180  or  over; 

1 

.5 

38.1 

'                                  1 

The  arc  of  contact  in  degrees  or  as  a  frac- 
tion of  the  circumference  can  be  determined 
practically  as  follows:  Stretch  a  string  over 
the  two  pulleys,  to  represent  the  belt.  Then 
take  another  string,  and,  wrapping  it  around 
the  small  pulley,  cut  it  off  so  that  the  ends 
meet;  this  represents  the  circumference  of  the 
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email  palley.  Now,  take  a  third  Btring  and 
holdii^  one  end  at  the  hegmning  of  the  arc 
of  contact,  as  shown  by  the  string  stretched 
around  both  polleys,  wrap  this  third  string 
aronnd  the  smaller  palley  and  cut  it  off  at 
the  end  of  the  arc  of  contact  The  length 
of  this  last  string  represents  the  length  of 
the  arc  of  contact.  We  now  have  the  pro- 
portion: the  length  of  the  string  represent- 
ing the  circumference :  the  length  of  the 
string  representing  the  arc  of  contact  :  :  360 
(the  number  of  degrees  in  a  circle)  :  the 
number  of  degrees  in  the  arc  of  contact; 
whence  the  number  of  degrees  in  the  arc  of 
contact  equals  the  quotient  obtained  by 
dividing  the  product  of  the  length  of  the  arc 
of  contact  and  360  by  the  circumference  of 
the  pulley. 

To  obtidn  the  fraction  of  the  circumference, 
divide  the  length  of  the  string  representing 
the  arc  of  contact  by  the  circumference. 

To  use  the  table  for  finding  the  width  of  a 
single  leather  belt  for  transmitting  a  given 
number  of  horsepower,  we  have  the  follow- 
ing rule: 

Where  C  =  allowable  effective  pull  (from 

table); 

H  =  horsepower  to  be  transmitted; 

W  =  width  of  single  belt,  in  inches; 

V  =  velocity  of  belt,  in   feet  per 

minute. 

RuLB  II. — Huttiply  (he  horsepower  to  be  tram- 
miUed  by  SS^OOO,  and  divide  this  product  by  the 
product  of  the  velocity  of  the  belt  and  the  allouh 
able  effective  puUj  as  UUunfrom  the  table.  The 
quoUent  will  be  the  width  of  the  belt, 

Or^  w  _  33.000  H 


1F  = 


VC 


ExAMPLK. — What  width  of  single  belt  is 
needed  to  transmit  20  horsepower,  the  arc  of 
contact  on  the  small  pulley  being  135°,  and 
the  speed  of  the  belt  1,500  feet  per  minute? 

Solution. — According  to  the  table,  the 
allowable  effective  pull  for  135''  is  31.3  lb. 
Then,  applying  Rule  II,  we  have 

-^        33,000X20        ,.  .     ,  , 

^=^r,^ox3i.3  =  ^*"^^^«'»'^«^^y- 

The  horsepower  that  a  single  belt  will 
transmit  is  given  by  the  following  rule: 

RuLX  III.— Iffi^^y  together  the  effective  puU 
taken  from  the  tablCy  the  width  of  the  belt  in 
inch£Sf  and  the  speed  of  the  belt  in  feet  per 
vdnute.    Divide  the  product  by  $3,000, 

^^'  ^  ~  33,000' 

Speed  of  Belts,— By  applying  Rule  III  to  the 
same  belt  running  at  different  velocities,  it 
will  be  seen  that  the  higher  the  velocity,  the 


greater  the  horsepower  the  belt  can  trans- 
mit, and  from  Rule  II  it  will  be  seen  that 
the  higher  the  speed  of  the  belt  the  less  may 
be  its  width  to  transmit  a  given  horsepower. 
From  this  it  follows  that  a  belt  should  be 
run  at  as  high  a  velocity  as  conditions  will 
permit,  the  maximum  velocity  allowable  for 
a  laced  belt  being  about  3,500  feet  per  min- 
ute for  ordinary  single  and  double  leather 
belts.  For  belts  spliced  by  cementing, 
where  the  splice  is  practically  as  strong  as 
the  belt  itself,  the  velocity  may  be  as  high  as 
5,000  feet  per  minute.  Oases  are  on  record 
where  wide  main  belts  have  been  run  at  as 
high  a  velocity  as  6,000  feet  per  minute. 

In  choosing  a  proper  belt  speed,  due 
regard  must  be  paid  to  commercial  con- 
ditions. WhUe  a  high  speed  of  the  belt 
means  a  narrow  and  consequently  a  cheaper 
belt,  the  increased  cost  of  the  lai^;er  pulleys 
that  may  be  required  may  ofGaet  the  gain 
due  to  the  high  belt  speed,  at  least  as  far 
as  first  cost  is  concerned. 

For  illustration,  let  the  problem  be  to 
transmit  10  horsepower  from  one  shaft  to 
another;  let  the  revolutions  of  both  the 
driven  and  the  driving  shaft  be  equal,  and 
let  the  shafts  make  200  revolutions  per 
minute.  Choosing  a  belt  speed  of  2,000 
feet  per  minute,  the  width  of  single  belt 
to  transmit  the  given  horsepower  will,  by 
Rule  II  be,  say,  4^  inches.  The  diameter 
of  pulley,  which  at  200  revolutions  per 
minute  will  give  a  belt  speed  of  2,000  feet 

.     ^     .      2,000X12  ooi  •     u 

per  minute,  is  ^fi^^.^^^^^  =  38i  inches, 

nearly.  Taking  the  price  of  a  38-inch  cast- 
iron  pulley,  5-inch  face,  as  $15,  the  price  of 
two  pulleys  will  be  $30.  Let  the  distance 
between  the  pulleys  be  20  feet.  Then,  the 
length  of  belt,  according  to  Rule  I,  is  50  feet 
4  inches.  Taking  51  feet  as  the  length  of 
the  belt,  and  the  price  of  a  single  leather 
belt  4}  inches  wide  at  50  cents  per  foot,  the 
price  of  the  belt  will  be  $25.50.  Then,  cost 
of  belt  and  pulleys,  not  counting  freight 
or  express  charges,  etc.,  will  be  $25.50 
+  $30  =  $55.50. 

Choosing  a  belt  speed  of  3,500  feet  per 
minute,  the  width  of  belt  will  be  2}  inches, 
nearly.    The  proper  diameter  of  pulley  is 

lW3"l4i6  =  ««»  ''«^^«''  "y  ''  ^**«'- 
The  length  of  the  belt  will  be  59  feet,  about 
The  price  of  the  belt  at  30  cents  per  foot  is 
$17.70.  The  price  of  two  67-inch  pulleys  of 
3i-inch  face  is,  say,  $80.  Then,  total  first  cost 
is  $80  -h  $17.70  =  $97.70,  showing  that  in 
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this  particular  case  the  use  of  a  low  belt 
speed  redaoes  the  first  cost  by  $97.70  — 155.50 
=  $42.20. 

The  above  illustration  is  not  intended,  and 
must  not  be  construed,  to  be  an  arg^ument 
against  high  belt  speed;  it  simply  shows  the 
advisability  of  considering  the  commercial 
features  in  each  and  every  case.  In  many 
cases  it  will  be  found  that  the  narrow  high- 
speed belt  is  by  fiar  the  more  economical 
one  to  use. 

Double  belts  are  made  of  two  single  belts 
cemented  and  usually  riveted  together  their 
whole  length,  and  are  used  where  much 
power  is  to  be  transmitted.  As  the  effective 
pull  for  single  belts  as  given  in  the  table  is 
based  primarily  on  the  strength  through  the 
lace  holes,  a  double  belt  that  is  twice  as 
thick  should  be  able  to  transmit  twice  as 
much  power  as  a  single  belt,  and,  in  &ct, 
more  than  this,  where,  as  is  quite  common, 
the  ends  of  the  belt  are  cemented  instead  of 
laced.  Where  double  belts  are  used  on 
small  pulleys,  however,  the  contact  with 
the  pulley  fkce  is  less  perfect  than  it  would 
be  if  a  single  belt  were  used,  owing  to  the 
greater  rigidity  of  the  former.  More  work 
is  also  required  to  bend  the  belt  as  it  runs 
over  the  pulley  than  in  the  case  of  the  more 
pliable  single  belt,  and  the  centrifugal  foice 
tending  to  throw  the  belt  from  the  pulley 
also  increases  with  the  thickness.  More- 
over, in  practice  it  is  seldom  that  a  double 
belt  is  put  on  with  twice  the  tension  of  a 
single  belt  For  these  reasons,  the  width  of 
a  double  belt  required  to  transmit  a  given 
horsepower  is  generally  assumed  to  be  seven- 
tcfnths  the  width  of  a  single  belt  to  transmit 
the  same  power.  On  this  basis,  Rules  U 
and  ni  become,  for  double  belts: 

Rule  IW,— To  find  the  width  of  a  double  belt, 
multiply  the  horsepower  to  he  tranamitted  by 
£3,100,  Divide  this  product  by  the  product  of 
the  velocity  of  the  belt  and  the  allowable  effective 
pull,  our  taken  from  the  table, 

^_  23.100  jy 


Or, 


vc 


Rule  V.— To  find  the  horsepower  thai  a 
double  belt  can  transmit,  multiply  together  the 
effective  pull  taken  from  the  table,  the  width  of 
the  belt,  and  its  velocity.  Divide  the  product 
by  £S,100. 

Or  H^^^^ 

^''  ^-237ioo- 

Example.— What  width  of  double  belt  is 
required  to  transmit  20  horsepower,  the  arc 
of  contact  on  the  small  pulley  being  135**, 
and  the  speed  of  the  belt  being  1,500  feet 
per  minute? 


Solution. — According  to  the  table,  the 
effective  pull   is  31.3  pounds.    Then,  by 
Rule  IV, 
^        23,100X20       ,^.    ,  ,      . 

^  =  iTsoo-xSo  =  iO"^c^«>»^«^iy-  ^^ 

Example.  —  What  horsepower  can  be 
transmitted  by  a  6-inch  double  belt,  run- 
ning at  400  feet  per  minute,  with  an  arc  of 
contact  of  180*»? 

Solution. — ^According  to  the  table,  the 
effective  pull  is  38.1  pounds.  Applying 
Rule  V,  we  have 

„       38.1X6X400       .„^  ,      . 

^  =  —23,100         =  4H.P.,nearly.  Ans. 

It  is  a  much  disputed  question  as  to  which 
side  of  the  belt  should  be  run  next  to  the 
pulley.  The  more  common  practice  is 
believed  to  be  to  run  the  belt  with  the  hair, 
or  grain,  side  next  to  the  pulley.  This  side 
is  harder  and  more  liable  to  crack  than  the 
flesh  side.  By  running  it  on  the  inside,  the 
tendency  is  to  cramp  or  compress  it  as  it 
passes  over  the  pulley,  while  if  it  ran  on  the 
outside  the  tendency  would  be  for  it  to 
stretch  and  crack.  Moreover,  as  the  fleeh 
side  is  the  stronger  side,  the  life  of  the 
belt  will  be  longer  if  the  wear  comes 
on  the  weaker,  or  grain,  side.  The  lower 
side  of  the  belt  should  be  the  driving  side, 
the  slack  side  running  from  the  top  of  the 
driving  pulley;  the  sag  of  the  belt  will  then 
cause  it  to  encompass  a  greater  length  of  the 
circumference.  Long  belts,  running  in  any 
other  direction  than  vertical,  work  better 
than  short  ones,  as  their  weight  holds  them 
more  firmly  to  their  work. 

It  is  bad  practice  to  use  resin  to  prevent 
slipping.  It  gums  the  belt,  causes  it  to 
crack,  and  prevents  slipping  for  only  a  short 
time.  If  a  belt  in  good  condition  persists  in 
slipping,  a  wider  belt  should  be  used. 
Sometimes  larger  pulleys  on  the  driving  and 
driven  shafts  are  of  advantage,  as  they 
increase  the  belt  speed  and  reduce  the  strain 
on  the  belt.  Belts  may  be  kept  soft  and 
pliable  by  oiling  them  once  a  month  with 
castor  oil  or  neat's-foot  oil. 

One  of  the  most  annoying  troubles  expe- 
rienced with  belting  of  all  kinds  is  the  violent 
fiapping  of  the  slack  side.  Flapping  may  be 
due  to  any  one  of  several  causes,  or  a  com- 
bioationofthem.  The  most  usual  eaose  of 
flapping  is  that  one  or  both  of  the  pulleys 
run  out  of  true.  The  belt  is  then  alternately 
stretched  and  released,  and,  while  this  may 
not  cause  flapping  at  one  speed,  it  will 
usually  do  so  at  a  higher  speed.  If  the  b^t 
is  rather  slack,  tightening  it  somewhat  may 
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core  or  alleviate  the  flapping.  The  meet 
obvioiu  and  beet  remedy,  bat  the  meet  expen- 
riye,  ifl  to  tarn  the  palleys  to  ran  trae. 

Polleya  being  oat  of  line  with  each  other 
are  another  prolific  caase  of  flapping,  eepe- 
cially  when  one  or  both  ran  oat  of  trae. 
First,  bring  the  palleys  in  line;  if  this  fails, 
tighten  the  belt,  if  rather  loose.  If  no  im- 
provement is  noticed  and  it  is  not  possible  to 
torn  the  palleys,  try  to  lower  the  belt  speed 
a  little,  either  by  the  sabstitation  of  smaller 
palleys  or  by  changing  the  speed  of  the 
driTen  shaft,  according  to  drcamstances. 

With  belts  nmning  at  speeds  above  4,000 
feet  per  minate,  flapping  may  occar  when 
the  palleys  are  perfectly  trae  and  in  line 
with  each  other,  even  when  the  belt  has  the 
proper  tension.  This  is  believed  to  be  dae 
to  air  becoming  entrapped  between  the  face 
of  the  palley  and  the  belt.  At  any  rate,  it 
has  beoi  observed  that  perforating  the  belt 
with  a  series  of  small  holes  will  care  this 
troable.  Perforated  belts  may  now  be 
bought  in  the  market  Lack  of  steadiness 
in  running,  due  either  to  sudden  variations 
in  speed  of  the  engine  or  to  sudden  changes 
in  the  load  of  the  machine  driven  by  the 
belt,  win  produce  a  flapping  that  is  almost 
impossible  to  cure.  The  only  known  cure  is 
to  take  such  steps  as  will  insure  steady 
running,  as,  for  instance,  increasing  the 
weight  of  the  flywheel  on  the  engine,  or 
placing  a  flywheel  instead  of  a  pulley  on  the 
driven  machine.  The  belt  not  being  joined 
square  will  also  cause  flapping,  especially 
when  the  belt  is  running  at  a  rather  high 
speed.  The  remedy  is  to  unlace  or  unfiuten 
the  joint  and  make  it  square.  Too  great  a 
distance  between  the  pullejrs  may  also  cause 
flapping.   In  general,  the  distance  between 
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the  pulleys  should  not  exceed  15  feet  for 
belts  up  to  4  inches;  20  feet  for  belts  above 
4  and  below  12  inches;  25  feet  for  belts  above 
12  inches  and  below  18  inches;  and  30  feet 
for  larger  belts.    The  distances  here  given 


are  occasionally  exceeded  considerably,  and, 
as  no  experiments  have  ever  been  made 
public  which  would  enable  a  fairly  correct 
formula  to  be  deduced  for  the  distance 
between  pulleys,  when  the  belt  speed,  width 
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Fig.  2 

of  belt,  and  effective  pull  are  known,  they 
must  be  taken  as  representing  average  prac- 
tice. 

A  horizontal  belt  is  considered  by  many 
to  have  the  proper  tension  when  it  has 
about  1  inch  sag  while  in  motion  for  every 
8  feet  between  the  pulleys.  For  belts  other 
than  horizontal,  this  should  be  less,  no  sag 
at  all  being  necessary  for  vertical  belts.  The 
ends  of  the  belts  may  be  joined  by  lacing, 
sewing,  riveting,  or  cementing. 

There  are  many  ways  of  lacing  belts  in  use. 
A  very  satisfiM^ry  method  for  belts  up  to  3 
inches  in  width  is  shown  in  Fig.  1.  Cut  the 
ends  of  the  belt  square,  using  a  sharp  knife 
and  a. try  square.  Punch  a  row  of  holes 
according  to  the  width  of  the  belt,  punching 
corresponding  holes  exactly  opposite  each 
other  in  each  end  of  the  belt,  using  3  holes 
up  to  2  inches,  and  5  holes  above  2  and  up 
to  3  inches.  The  number  of  holes  in  the 
row  should  always  be  uneven  for  the  style 
of  lacing  shown.  In  the  figure,  A  is  the 
outside  of  the  belt,  and  B  the  side  running 
next  to  the  pulley.  To  lace,  the  lacing  should 
be  drawn  half  way  through  one  of  the  middle 
holes  from  the  under  side,  as  at  i.  Before 
going  any  further,  it  is  well  to  see  to  it  that 
the  belt  has  no  twists  in  it,  or,  in  case  of  a 
crossed  belt,  that  it  has  not  been  given  a 
wrong  twist.  The  same  side  of  the  belt 
should  run  over  both  pulleys,  which  will  be 
the  case  with  a  crossed  belt  if  it  has  been 
twiited  correctly.  Having  made  sure  that 
the  belt  is  &ir,  pass  the  end  of  the  lace  on 
the  upper  side  of  the  belt  through  »,  under 
the  belt  and  up  through  S,  back  again  through 
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e  and  S,  through  4,  and  up  through  5,  where 
an  incision  is  made  in  one  side  of  the  lacing, 
forming  a  barb  that  will  prevent  the  end 
from  pulling  through.  Lace  the  right-hand 
side  in  the  same  manner.  The  lacing  may 
advantageously  be  carried  on  at  once,  to  the 
right  and  left  alternately. 

For  belts  wider  than  3  inches,  the  lacing 
shown  in  Fig.  2  is  a  good  one.  As  will  be 
observed,  there  are  two  rows  of  holes.  The 
number  of  holes  in  the  row  next  to  the 
joint  should  exceed  by  one  the  number  of 
holes  in  the  second  row.  For  belts  up  to 
4^  inches,  use  3  holes  in  the  row  next  to 
the  joint,  and  2  holes  in  the  second  row. 
For  belts  up  to  6  inches,  use  4  and  3  holes, 
respectively.  For  larger  belts,  make  the 
total  number  of  holes  in  each  end  either 
one  or  two  more  than  the  number  of  inches 
of  width,  with  the  object  of  getting  an  odd 
total  number  of  holes.  For  example,  for 
a  10-inch  belt,  the  total  number  of  holes 
should  be  10  -f  1  =  11.  For  a  13-inch  belt, 
it  should  be  13  +  2  =  15  holes.  The  out^ 
side  holes  of  the  first  row  should  not  be 
nearer  to  the  edge  of  the  belt  than  }  inch, 
nor  should  the  first  row  be  nearer  to  the 
joint  than  i  inch.  The  second  row  should 
be  at  least  If  inches  from  the  end.  In  the 
figure,  A  is  the  outside  and  B  the  side  next 
to  the  pulley.  Begin  at  one  of  the  center 
holes  in  the  outside  row,  as  i,  and  continue 
through  £j  S,  4,  5,  6,  7,  4y  5,  2^  Sy  etc. 

Another  method  is  to  b^in  the  lacing  on 
one  side  instead  of  in  the  middle.  This 
method  will  give  the  rows  of  lacing  on  the 
under  side  of  the  belt  the  same  thickness 
all  the  way  across.  The  lacing  should  not 
be  crossed  on  the  side  of  the  belt  that  runs 
next  to  the  pulley. 

Lacing  afibrds  convenient  means  of  short- 
ening belts  when  they  stretch,,  and  of  increas- 


ing their  tension.  If  the  belts  are  at  all 
large,  the  ends  of  the  belt  should  be  drawn 
together  by  belt  clamps. 

Cementing  makes,  probably,  the  beet  kind 
of  a  joint  ever  devised.  It  has  the  serioua 
disadvantage,  however,  that  the  stretch  of 
the  belt  cannot  be  taken  up  readily,  and 
hence  tightening-puUeys  must  be  used 
when  the  center-to-center  distance  of  the 
pulleys  is  not  adjustable.  In  dynamo  dri- 
ving, where  endless  belts  are  used  to  the 
exclusion  of  all  others,  the  dynamo  is 
usually  mounted  on  a  slide,  so  that  the 
tension  of  the  belt  can  be  adjusted.  For 
a  cemented  joint,  the  ends  of  the  belt  should 
be  pared  down  with  a  very  sharp  knife. 
Warm  the  belt  ends  near  a  fire,  apply  the 
belt  cement  while  hot,  and  press  the  joint 
together  by  two  boards,  one  on  top  and 
one  on  the  bottom.  Belt  cement  can  be 
obtained  of  any  dealer  in  engineers'  supplies, 
and  fiill  directions  for  using  the  cement 
will  always  be  found  on  the  can.  These 
directions  should  be  implicitly  followed. 

If  belt  cement  cannot  be  obtained,  a  good 
cement  may  be  made  by  melting  together 
over  a  slow  fire  16  parts  gutta-percha,  4  parts 
India  rubber,  2  parts  pitch,  1  part  shellac, 
and  2  parts  linseed  oil,  by  weight.  Cut  all 
ingredients  very  small,  mix  well,  and  use 
while*  hot. 

New  leather  belts  will  stretch  from  i  to  i 
inch  per  foot  of  length,  and  hence  must  be 
taken  up  until  the  limit  of  stretch  has  been 
reached.  Rubber  belts  are  said  to  stretch 
continuously.  Cotton  and  duck  belts,  it  is 
daimed,  will  not  stretch  with  use.  When 
rubber  belts  are  used,  animal  oils  or  animal 
grease  should  never  be  used  on  them.  If 
the  belt  should  slip,  it  should  be  lightly 
moistened  on  the  side  next  to  the  pulley 
with  boiled  linseed  oil. 


DELINEATING  A  SPIRAL  STAIR^A/'AY 


Morris  Williams 


THE  architectural  draftsman  should  be 
able  to  show  on  his  elevations  and 
sections  the  true  appearance  of  stair- 
ways. Straight  stairways  are  easily  enough 
pictured,  but  when  it  comes  to  geometrical 
stairs  with  wreathed  stringer  and  hand  rail, 
the  problem  offers  some  little  difficulty. 

The  outline  of  the  hand  railing  shows 
more  clearly  and  effectively  the  shape  and 
twist  of  the  stairway  than  any  other  feature 


of  the  construction.  It  is,  therefore,  neces- 
sary that  the  projection  of  the  wreath  should 
be  correct.  What  we  desire  to  attain  is  the 
appearance  of  the  railing  in  projection,  an 
exact  view  when  the  railing  is  in  position 
over  the  winders  as  it  twists  and  wreaths 
around  the  cylinder  of  which  the  plan  of 
the  stairs  forms  the  base.  We  are  especially 
speaking  of  a  spiral  stairway,  and  shall  deal 
in  this  article  altogether  with  such. 
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Not  only  is  it  necessary  for  the  architect 
to  show  a  correct  view  of  sach  a  itairway  in 
the  elevations  or  cross-sections  of  the  build- 
ing, bat  if  the  draftsman  has  laid  it  out  incor- 
rectly, any  deformity  that  may  exist  in  the 
work  can  be  easily  remedied  by  altering 
the  location  of  the  risers  on  the  plan.  If, 
on  the  other  hand,  the  view  of  the  projec- 
tion is  pleasing,  he  can  be  satisfied  that  the 
stair  is  properly  constracted  and  that  the 
arrangement  of  the  risers  will  secure  satis- 
&ctory  results  when  the  railing  is  completed 
and  in  position. 
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In  the  figure  we  have  a  drawing  of  the 
plan,  elevation  of  the  steps  with  fidling  mold, 
and  the  projection  of  the  rail  for  a  spiral  stair- 
way. The  line  xy^  or  ground  line,  is  the 
exact  length  of  the  center  line  of  the  rail  on 
the  plan,  unfolded  or  stretched  out.  The 
numbers  2,  iP,  ^,  etc.  along  th^  line  xy  repre- 
sent the  width  of  treads  on  the  center  line 
of  rail  in  the  plan.  On  point  IS^  oit  z,  draw 
a  perpendicular  line,  and  on  this  line  lay  off 
the  height  of  the  thirteen  risers,  marking 
the  divisions  i,  2,  S,  etc    From  each  point 


on  xydraw  perpendiculars,  and  firom  each 
point  on  the  perpendicular  line  from  i  to  i^ 
extend  horizontal  lines  intersecting  the  ver- 
tical line  from  ary  at  the  corresponding 
points.  These  points  of  intersection  will 
gi^e  the  elevation  of 
the  steps,  and  by  draw- 
ing a  line  touching  the 
nosing  of  each  step,  the 
''nosing  line,"  as  it  is 
called,  is  obtained.  At 
a  distance  equal  to  the 
thickness  of  the  rail, 
draw  a  parallel  line  to 
the  nosing  line.  This 
completes  the  eleva- 
tion of  the  steps  and 
the  falling  mold.  To 
project  the  rail,  divide 
the  falling  mold  by  ver- 
tical lines  into  the  same 
number  of  equal  parts 
as  are  in  the  plan.  In 
this  case,  there  are 
thirteen  divisions, 
which  correspond  to 
the  number  of  risers 
in  the  cylinder.  From 
points  0  on  the  falling 
mold,  draw  horizontal 
lines,  and  from  the 
points  0  on  plan,  drop 
vertical  lines  inter- 
secting the  horizontal  lines  at  (/'  in  the  pro- 
jection of  the  rail.  The  points  of  inter- 
section will  be  contained  in  the  curve  of  the 
outside  top  edge  of  the  rail.  The  inside  top 
edge  is  found  by  drawing  vertical  lines  from 
the  inside  of  the  rail  on  the  plan  at  points  i 
to  intersect  with  the  same  horizontal  lines. 
To  find  the  outside  and  inside  bottom  edge, 
draw  horizontal  lines  from  points  t  on  the 
falling  mold  to  intersect  with  the  vertical 
lines  from  points  o  and  i  on  the  plan,  and 
thus  the  projection  is  completed. 
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THE   HEATING  TRADE 


Thomas  E.  McNeill,  Heating  Engineer 
Past  and  Prbbent  Practice  Among  Heating  Engineers,  With  Some  Hints  in  Bbqard 

TO  THE  ReQUIRBU£nTB  OF  THE  FUTURE 


SOME  progreeB  has  been  made  in  steam 
heating  of  buildings  within  a  few  yean 
XMst,  but  mach  yet  remains  to  be  done 
by  the  designers  as  well  as  by  the  ezecators 
of  such  work.  However,  we  are  moving  in 
the  right  direction,  and  in  time  will  be 
nearer  perfection.  Both  need  more  thorough 
training  in  the  best  theorierf  and  their  prac- 
tical application  to  the  work  to  be  done. 
Mistakes  are  to  be  expected,  bat  they  are 
not  confined  to  the  humble  membears  of 
the  craft.  The  << big  lights"  largely  differ 
from  the  proven  facts  and  results,  and  their 
rules  and  practice  for  proportioning  parts 
and  appliances  sometimes  vary  as  much  as 
50  per  cent.  These  so-called  rules,  there- 
fore, are  regarded  by  many  practical  men 
as  mere  suggestions.  Considerable  latitude 
must  always  be  allowed  for  variations  in 
conditions  and  circumstances,  and  good  dear 
judgment,  based  on  practice,  must  always 
predominate  in  final  decisions. 

The  task  of  a  critic  is  seldom  a  pleasant  or 
profitable  one,  for,  if  he  is  true  and  honest, 
he  must  boldly  say  what  appears  to  him  to 
be  unbiased  and  correct,  and,  in  doing  this, 
some  one  is  likely  to  become  offended;  bat 
without  critidam  faults  would  remain  un- 
exposed, error  be  promoted,  and  progress 
delayed. 

All  changes  are  not  improvements,  nor  is 
it  well  to  make  changes  until  we  are  very 
sure  that  they  are  improvements;  but  to 
follow  the  one  way  because  it  is  the  old  way 
would  bar  all  progress.  Often  the  records 
of  fiulures  are  equally  as  instructive  as  those 
of  success.  The  best  test  of  a  designer's 
faith  in  his  own  work  is  his  wiUingness  and 
ability  to  execute  that  work,  taJdng  the 
chances  of  efficiency  when  completed  and 
of  profit  or  loss  in  competition  with  others. 
Throwing  the  burden  on  other  shoulders, 
with  their  guarantee  to  back  it,  is  not  true 
engineering. 

It  IS  an  easy  and  safe  way  to  call  for  too 
much,  but  the  skilled  engineer  requires  and 
provides  for  sufficiency  and  effidency  with- 
out redundancy.  Only  by  a  comparison  of 
results  can  true  tests  be  made  and  intelligent 
direction  be  obtained.  The  designer  of  a  gun 
may  be  a  very  learned  man,  but  **  the  man 


behind  the  gun"  is  the  one  who  finds 
out  and  proves  its  good  or  bad  qualities. 
Fault  finders  are  not  always  fault  menders, 
but  it  is  only  by  constant  comparison  that 
the  best  results  are  obtained. 

The  progress  of  steam  heating  of  buildings 
has  been  slow,  for  its  birth  and  true  develop- 
ment has  been  within  the  past  60  years. 
From  very  low  presBures— -just  above  the 
atmosphere — it  has  gone  up  to  very  high 
pressures,  but  now  it  is  back  to  even  below 
the  atmosphere.  Many  causes  have  operated 
to  produce  these  fluctuations,  among  them 
the  necessity  for  power  for  modem  improve- 
ments. Reforms  do  not  often  come  from 
above,  but  usually  from  bdow.  There  is  an 
awkward  time  coming  for  many;  the  modem 
system  of  teaching  is  rapidly  revolutionizing 
everything.  Critidsm  will  not  then  come 
from  above  stairs  but  f^m  bdow,  and 
will  be  based  on  actual  tested  facts  instead 
of  on  speculative  theory.  The  professor  now 
tells  us  what  ought  to  be,  but  the  dear- 
headed  student  who  works  with  his  hands 
by  day  and  studies  by  night  will  want  to 
know  why  theory  and  practice  often  do  not 
work  harmoniously,  and  will  ask  where  the 
difficulty  lies,  which  of  them  are  in  the 
wrong,  and  how  best  to  unite  them.  These 
questions  will  come  back  to  the  commer- 
cially inclined  engineer  of  the  present  day, 
who  thinks  more  of  his  profits  than  of  the 
cost  or  success  of  his  work.  It  may  then 
be  a  little  embarrassing  for  him  to  reply 
intdligently.  Theengineman  and  he  who 
shovels  the  coal  will  want  to  know  not 
''How  much  is  there  in  it  for  me?"  but 
why  should  they  have  to  labor  so  much. 
They  will  wonder  whether  there  is  not  a 
better,  earner,  and  cheaper  way  for  all;  why 
there  should  be  noisy  pipes  in  the  building; 
where  the  trouble  begins;  why  the  pipes  are 
bdow,  in  the  way,  along  the  walls  and  floors, 
of  small  size,  crooked,  and  contrary  to  all 
theory  and  practice  for  easy  and  prompt 
water  flow;  why  they  are  not  run  overhead, 
straight,  free  to  expand,  ample  in  size  and 
easy  for  return  water  to  flow,  with  plenty  of 
room  to  work  them  into  place. 

The  heating  engineer  will  have  to  deal 
with  accomplished  &cts — flne-spun  theories 
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or  old  prcjadicee  will  not  do  any  longer.  He 
will  realize  that  it  is  not  what  he  thinks 
ought  to  be,  bat  what  u,  that  will  decide 
matters.  The  days  of  speculative  experi- 
menting at  the  expense  of  others  must  end, 
for  this  homy-handed  son  of  toil  wOl  not 
only  thoroughly  know  what  he  is  talking 
about,  but  will  prove  the  correctness  of  his 
assertions. 

Then  the  ''rule-of-thumb''  man  who  has 
been  working  on  theories  founded  on  doubt- 
fid  information — ^unwritten  and  often  mis- 
construed so-called  facts — who  knows  only 
one  way  of  doing  everything  and  thinks  it 
would  be  criminal  to  depart  from  it,  no 
matter  what  changes  may  have  occurred, 
will  surely  be  greatly  disturbed.  He  will 
want  to  know  *'  how  and  why ''  the  fireman 
can  ask  him  questions  he  never  heard  before, 
answer  them,  and  prove  their  correctness. 
He  thinks  it  is  all  wrong,  some  way,  but 
fails  to  see  the  streak  of  light  that  has  come 
at  night  to  the  willing  worker  determined 
to  better  his  condition,  and  who  truly 
appreciates  and  blesses  the  source  of  it. 


Many  of  those  engaged  in  steam  heating 
are  commercial  men  who  have  drifted  into 
it,  regarding  it  as  merely  ''pipe  twisting," 
leaving  out  the  engineering  requirements 
entirely.  Work  executed  under  such  direc- 
tion, aided  or  often  ii^ured  by  the  foggy 
experience  of  the  traditionary  and  belated 
steam  fitter,  must  be  largely  guesswork -and 
sadly  defective.  They  too,  when  confronted 
by  the  bright,  young,  thinking,  reading  and 
studying  engineer,  will  have  puzzling  ques- 
tions to  answer,  and  if  they  are  not  prepared 
for  them  they  must  plead  ignorance.  The 
day  of  awakening  has  come,  and  cHl  must 
be  up  and  doing.  Ignorance  is  no  longer 
bliss. 

If  the  master  plumbers  and  their  work- 
men are  required  to  show  their  proficiency 
by  work  and  examinations,  for  the  safety  of 
the  public  health,  why  should  not  the 
master  steam  fitters  and  their  workmen 
be  required  to  be  licensed  also?  for  the  pub- 
lic safety  as  well  as  health  is  endangered 
when  they  fail  to  provide  proper  ventila- 
tion. 


INTERCOMMUNICATING  TELEPHONE 

SYSTEM 


A.  G.  Baldwin 


SUOOESTIONS    FOR    THB    IhPROVEMBNT     OF    A    COMMON     BaTTSRY    CaLL    SySTBM    PREVIOUSLY 

Described — ^Diagram  of  Connections 


TWO  intercommunicating  telephone  sys- 
tems, one  for  magneto  call  and  one  for 
a  common  battery  call,  were  described 
in  the  December,  1899,  issue  of  Science  and 
Industry.  A  short  time  ago  I  had  occasion 
to  install  a  similar  system  with  twelve 
stations,  using  the  common  battery  call. 
Ck>nnected  up  in  the  manner  described  in 
that  article,  it  worked  very  nicely  so  far  as 
transmission  was  concerned,  but  I  found 
the  trouble  that  the  operators  at  the  differ- 
ent stations  would  continually  forget  to 
return  the  selective  switch  back  to  the 
normal,  or  home,  contact  when  through 
talking,  with  the  result  that  two  or  more 
bells  would  be  thrown  into  parallel  circuits, 
so  that  the  normal  battery  power  would 
not  be  sufficient  to  ring  so  many  bells  at 
once.  Then,  again,  it  would  interfere  to  a 
certain  extent  with  the  transmission  of  the 
sounds,  in  some  cases  being  so  faint  as  to 
make  it  difficult  to  distinguish  them,  which 


was  caused  by  the  instruments  being  prac- 
tically short-circuited  by  the  switches  throw- 
ing in  too  many  parallel  circuits. 

Thus,  referring  to  Fig.  2  of  the  December 
issue.  Station  2  is  set  to  call  Station  1.  Now, 
if  the  switch  of  Station  3  were  left  on  either 
contact  1  or  Sy  the  current  from  the  battery 
C  B.y  on  reaching  the  proper  point,  would 
divide  and  a  part  of  it  go  through  the  bell 
at  Station  3,  thus  throwing  Stations  1  and  3 
in  parallel  circuits;  if  there  were  other  sta- 
tions whose  switches  were  connected  with 
these  same  lines,  the  current  would  still 
Airther  divide,  leaving  still  less  to  ring  the 
bell  at  Station  1.  With  this  system,  much 
more  battery  power  than  ordinarily  required 
to  ring  the  bells  will  be  necessary. 

I  was  requested  to  overcome  this  difficulty 
in  some  way,  and  have  done  so  in  part  I 
changed  the  wiring  in  the  manner  shown 
in  the  accompanying  illustrations.  In  Fig.  1 , 
the  common  return  wire  is  connected  to  the 
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binding  poets  c^,  c,,  and  c^  of  the  telephone 
seta,  which  correspond  to  e  in  Fig.  2.  Each 
line  wire  is  connected  to  the  contact  point 
of  itfl  home  station  on  the  eelectiye  switch, 
and  thence  to  the  binding  poets  &i,  \^  &|  of 
the  telephone  sets.  Thos,  line  1  is  connected 
to  contact  point  1  and  also  to  binding  post  h^ 
at  Station  1,  the  battery  wire  being  con- 
nected to  the  double-contact  posh  button 
the  same  as  before.  An  extra  binding  post  ' 
was  then  pat  on  the  telephone  sets  a^  a,,  cl^, 
etc.,  and  to  this  was  connected  one  terminal 
of  the  secondary  of  the  induction  coil;  this 
is  shown  at  a  in  Fig.  2.  The  wire  leading 
from  the  binding  poet  a  is  connected  to  the 
normal,  or  upper,  contact  point  at  the  double- 


through  switch  HS  and  contact  point  /. 
The  bell  is  in  the  circuit  by  being  placed 
between  post  6  and  the  line  wire,  or  it 
may  be  connected  between  binding  poet  h 
and  the  contact  point  J.  The  bell  connec- 
tions are  not  shown.  When  the  receiver  is 
taken  from  the  hook  switch  HS^  the  con- 
nections between  binding  posts  e  and  b  are 
broken  at  J,  and  the  binding  posts  c  and 
a  are  connected  through  HS  and  contact 
point  h  to  receiver  R,  secondary  S  of  the 
induction  coil,  and  binding  post  a,  thus 
throwing  the  receiver  and  secondary  of  the 
induction  coil  into  the  circuit  and  cutting 
the  bell  out.  This  also  closes  the  local 
circuit  of  the  transmitter   T,  local  battery 
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contact  push  button,  as  at  ^i,  f,,  ^„  Fig.  1, 
thus  connecting  the  binding  post  a  and  the 
secondary  of  the  induction  coil  normally 
with  the  selective  switch,  as  will  be  seen  by 
tracing  it  out  in  Fig.  1. 

Fig.  2  shows  a  diagram  of  the  connections 
inside  the  instrument;  a,  6,  and  c  are  bind- 
ing posts  corresponding  to  those  shown  on 
the  telephone  sets  in  Fig.  1 ;  LB\%  the  local 
battery;  at  Pare  shown  the  connections  to 
the  primary  coil;  S  is  the  secondary  coil  of 
the  induction  coil;  T,  the  transmitter;  12,  the 
receiver;  /^i,  the  binding  posts  for  the  re- 
ceiver connections;  and  H  8,  the  hook 
switch.  It  will  be  noticed  that  when  the 
receiver  is  on  the  hook,  the  talking  appa- 
ratus is  cut  out  from  the  line,  the  binding 
posts  c  and   h   being   connected   together 


L  Bf  and  primary  P  of  the  induction  coil 
through  the  contact  point  g  and  the  switch 
HS. 

Station  2  (see  Fig.  1)  desiring  to  call 
Station  1,  places  the  selective  switch  on  con- 
tact point  1  and  presses  the  double-contact 
push  button,  thus  closing  the  divuit  of  the 
common  battery  C^  at  contact  point  /,. 
The  course  of  the  current  may  be  traced  «a 
follows:  From  battery  CB  through  battery 
^^inre  to/,,  (2,,  switch  #„  contact  1,  Hue  i,  bell 
and  binding  post  b^  at  Station  1,  c,,  and  com- 
mon return  wire  back  to  battery  CB,  thus 
ringing  the  call  bell  at  Station  1.  When  the 
receivers  are  taken  from  the  hooks,  the  cir- 
cuit may  be  traced  as  follows:  From  the 
binding  post  a,  at  Station  2  to  ^,  (/«,  <ti  con- 
tact 1,  line  i,  contact  1  at  Station  1,  switch 
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«ii  ^\i  ^1)  Oil  ^it  common  retam  wire  to  bind- 
ing post  C|  at  Station  2. 

In  caae  Station  3  ahonld  have  left  the 
selectiye  switch  on  either  contact  point  1  or  ^, 


FzQ.  2 


LB 


it  wonld  make  no  difference  so  long  as  the 
receiver  at  Station  3  remained  on  the  hook, 
nor  wonld  the  bell  at  Station  3  be  rang,  for 
the  line  1  or  line  S  circuit  is  open  at  Station  3 
between  binding  poets  a,  and  c^,  and,  more- 


oyer,  the  bell  is  not  in  this  drcoit.  Even  if 
the  reoeiyer  at  Station  3  were  off  the  hook, 
it  would  not  interfere  with  the  ringing  of 
the  bell  at  Stations  1  or  2,  because  tlu*owing 
the  receiver  and  induction  coil  into  the  cir- 
cuit would  introduce  so  much  resistance  that 
only  a  very  small  portion  of  the  battery  cur- 
rent would  pass  through  them,  the  resistance 
being  about  326  ohms  in  the  instruments  I 
am  using. 

This  system  is  still  open  to  objection  from* 
the  fiict  that  the  selective  switch  of  the 
station  called  must  be  on  the  home  contact 
point  before  any  conversation  can  be  carried 
on,  though  it  does  not  interfere  with  the 
call  bell  if  it  is  not;  but  an  operator,  know- 
ing that  fact,  on  trying  to  answer  a  call  and  , 
getting  no  response,  will  naturally  look  to 
the  switch  to  see  whether  it  is  set  right, 
whereas  if  he  goes  away-  and  leaves  his 
switch  off  there  is  nothing  to  remind  him  of 
the  fajci  unless  he  happens  to  glance  at  it. 

There  may  be  a  better  or  a  simpler  method 
of  making  the  connections  to  attain  the  same 
end;  but  I  find  that  this  method  works  well 
BO  fiur,  and  causes  less  trouble  and  confusion 
than  the  other  system,  and  can  reconmiend 
it  where  a  battery  and  call  bell  are  to  be  used 
for  so  many  stations,  and  it  is  not  desired 
to  maintain  a  central  station. 
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Reason  for  the  Establishment  of  Trade  and  Technical  Schoom— What  They  Have 
a0cx>mplishsd~c0rresp0ndsnce  schools 


IT  HAS  been  bat  a  comparatively  few  years 
since  trade  and  technical  schools  have 
become  a  feature  of  the  American  educa- 
tional system,  and  it  will  be  somewhat  inter- 
esting to  investigate  the  reason  of  the  de- 
mand for  them  and  to  know  what  has  been 
accomplished  through  them. 

College  and  university  courses  up  to  a  short 
time  ago  consisted  entirely  of  classical  and 
scientific  subjects,  to  the  ezdusion  of  the 
practical  and  technical  side  of  education. 
While  classical  and  scientific  education  is 
very  desirable  and  even  necessary,  it  was 
found  that  something  more  was  demanded 
—something  that  would  enable  the  great 
masses  to  get  such  an  education  as  they 
could  apply  in  their  trades  and  occupations. 
The  old  purely  theoretical  system,  it  was 
found,  did  not  train  a  scholar  to  apply  his 
knowledge  to  the  practical  affairs  of  every- 


day life.  This  may  be  illustrated  by  an 
incident  related  of  a  gentleman  of  fine 
scholarly  attainments  who  had  occasion  to 
lay  out  a  square  corner  on  a  piece  of  land, 
and,  notwithstanding  the  fact  that  he  had  a 
foot  rule  and  a  pole  long  enough,  and  could 
have  given  the  forty-seventh  proposition  of 
Euclid  without  hesitation  had  he  been 
called  on  to  do  so,  still  he  could  not  reduce 
it  to  practice  by  simply  marking  off  the 
dimensions  of  the  sides  and  hypotenuse  of 
any  assumed  right-angled  triangle. 

But  the  demand  for  some  other  system  of 
education  arose  not  so  much  from  the  dissat- 
isfaction with  or  objections  to  old  methods 
as  from  the  necessity  of  a  better  education 
of  the  great  numbers  who  never  got  beyond 
the  high  school  and  the  still  larger  number 
who  never  reached  it.  It  became  a  convic- 
tion that  some   system  must   be  devised 
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whereby  the  boys  and  young  men  who  early 
left  school  to  learn  a  trade  and  support 
themaelves  could  have  some  means  of  learn- 
ing the  theoretical  side  of  their  business  and 
thus  fit  thenfiselvea  to  cope  with  the  new 
problems  that  constantly  arise  in  the  prose- 
cution of  their  vocations. 

What  has  been  accomplished  in  this  direc- 
tion is  shown  by  the  report  of  Hon.  Carroll 
D.  Wright,  United  States  Commissioner  of 
*  Labor,  whose  inquiry  as  to  the  status  of  indus- 
trial education  was  begun  by  the  direction 
of  Congress  ''for  the  investigation  of,  and 
the  report  on,  the  various  school  systems, 
and  also  technical  school  systems,  of  the 
United  States  and  foreign  countries."  The 
schools  found  to  exist  were  of  four  dasses: 
manual  training  schools,  trade  and  technical 
schools,  agricultural  colleges,  and  institutes 
of  technology.    • 

Manual  training  schools  may  be  defined  as 
those  in  which  instruction  is  given  in  tool 
work  as  an  educational  discipline.  This  is 
sometimes  called  the  Russian  method.  It  is 
a  misnomer,  however,  for  the  methods  in  use 
in  that  country  are  so  diverse  that  they  can 
hardly  be  said  to  be  the  same  as  those 
adopted  here.  The  system  may  be  said  to 
have  had  its  origin  in  Russia,  from  thence 
spreading  over  Europe  and  finally  to 
America,  where  it  has  reached  its  highest 
perfection  in  schools  like  those  of  Chicago, 
St.  Louis,  Toledo,  and  Philadelphia,  where 
something  more  is  taught  than  the  mere  use 
of  hand  tools.  These  schools  are  equipped 
with  mechanical  appliances  of  all  kinds  on 
a  scale  that  completely  eclipses  those  of  any 
other  country. 

Trade  schools  are  those  in  which  the  pri- 
mary object  is  to  give  an  apprentice  a  practi- 
cal knowledge  of  some  mechanical  trade. 
Technical  schools  are  a  superior  class  of 
trade  schools,  in  which  are  taught  the  theo- 
retical and  scientific  principles  of  a  trade. 
These  schools  are  at  their  best  in  Europe, 
where  a  thorough  training  is  given  in  the 
minutest  details  of  some  specialty,  as  in  the 
German  upholstering  and  dyeing  schools,  in 
the  latter  of  which  a  student  is  taught  the 
composition  of  fabrics  and  how  to  compute 
to  a  fraction  the  cost  of  dyeing  a  given 
number  of  yards  of  material  any  color. 
However,  some  of  the  American  schools  are 
equal  to  their  European  prototypes,  and 
some  authorities  contend  that  a  few  are  even 
superior.  Among  the  leading  American 
schools  of  this  class  may  be  mentioned  the 
New  York  Trade  Schools,  the  Pratt  Insti- 
tute, the  textile  department  of  the  Pennsyl- 


vania Museum  and  School  of  Industrial  Art, 
and  the  New  York  Institute  for  Artist- 
Artisans;  while  in  such  institutions  as  the 
Cooper  Union,  the  Drexel  Institute,  the 
Williamson  Free  School  of  Mechanical 
Trades,  the  Armour  Institute,  and  others  of 
the  same  kind,  we  have  the  promise  of 
American  supremacy  in  the  industrial  arts. 

Institutes  of  technology  are  those  schools 
in  which  the  courses  carry  with  them  a  pro- 
fessional degree,  such  as  that  of  dvil,  nuning, 
or  electrical  engineer.  In  these,  as  well  as 
in  the  manual  training  schools,  the  highest 
efficiency  has  been  reached  in  America,  there 
being  nothing  in  Europe  to  compare  with 
them.  The  first  of  these  schools  is  now  about 
forty  years  old,  and  from  them  the  move- 
ment extended  to  agricultural  colleges  and  is 
now  transforming  the  public  school  system. 

In  considering  these  means  of  education, 
it  should  be  remembered  that  they  are  thoee 
adopted  for  the  better  education  of  the 
masses,  but  that  the  number  of  schools  is 
entirely  inadequate  for  the  task.  Manual 
training  schools  in  the  United  States  have 
been  established  by  some  local  authority  or 
by  private  enterprise  as  an  experiment,  and 
since,  unlike  those  of  Europe,  they  have  no 
government  aid  or  supervision,  they  are  of 
a  heterogeneous  character — ^moet  of  them 
excellent  schools,  but  some  few  of  such  an 
indefinite  character  that  they  can  be  called 
manual  training  schools  by  courtesy  only. 
No  attempt  was  made  to  toke  a  census  of 
these  educational  institutions,  and  hence  it 
will  be  impossible  to  give  definite  idea  of 
the  number  receiving  training  in  them. 
The  Chicago  training  schools  had  307  gradu- 
ates in  the  first  eight  years  of  its  existence, 
firom  1884  to  1892,  and  these  figures  probably 
are  somewhat  near  the  average  number  of 
graduates  for  the  beet  schools,  and  range 
from  this  to  almost  zero  for  the  smallest 
This  small  number  of  graduates  is  due  to 
lack  of  accommodations  for  pupils  at  these 
schools,  and  not  to  the  lack  of  demand  for 
instruction. 

The  need  of  the  present  day  is  defined  by 
Richard  T.  Ely,  Ph.  D.,  in  an  essay  on  the 
'*  Economic  Aspects  of  Industrial  Training," 
in  which  he  says:  ''Industrial  training,  not 
for  a  few,  but  for  all  people,  for  every  boy 
and  girl  bom  in  the  United  States,  without 
one  exception,  is  the  chief  economic  demand 
of  our  time.  Comparatively  little  is  attained 
by  picking  out  a  few  here  and  there  and 
elevating  them  above  the  masses  by  the 
technical  schools.  We  want  to  extend  the 
benefits  of  industrial  schools  to  all  alike.'' 
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Bat  how  can  this  desirable  state  of  afEairs 
be  brought  about?  It  has  been  shown  by 
what  has  preceded  that  very  little  has  been 
aoootnplished  in  this  direction.  While  it  is 
true  that  lack  of  accommodation  has  been 
XMurtly  responsible  for  the  meager  results, 
the  chief  obstacle  to  its  accomplishment  is 
the  fiact  that  most  of  our  boys  must  leave 
school  when  very  young  to  become  bread- 
winners, and  therefore  lack  the  time  and 
means  to  attend  school.  For  this  class 
there  is  but  one  solution  of  the  problem — ^if 
they  cannot  go  to  the  school,  the  school  must 
go  to  them;  in  other  words,  they  must  be 
reached  through  correspondence  instruction. 
This  is  the  latest  phase  of  education,  and 


one  that  is  not  touched  on  by  the  commis- 
sioner of  labor,  because  the  system  is  one 
that  has  been  perfected  but  recently  and 
he  was  not  informed  of  its  methods  and 
success. 

The  International  Correspondence  Schools, 
of  Scranton,  Pa.,  which  have  been  the  pio- 
neers in  this  movement,  and  in  a  few  years 
have  had  more  students  and  graduates  than 
all  the  schools  mentioned,  have  demon- 
strated the  right  of  such  an  institution  to 
exist,  and,  managed  as  these  schools  are, 
they  will  in  a  short  time  do  more  for  the 
advancement  of  education  than  has  been 
accomplished  in  the  iMist  century  by  other 
means. 


PETROLEUM  INDUSTRY  IN  RUSSIA 


THE  St.  Petersburg  "Messenger  of  Fi- 
nance" states  that  English  capitalists 
have  recently  invested  $9,000,000  in 
the  petroleum-producing  territory  between 
the  Caspian  and  Black  Seas. 

Since  1892,  when  new  regulations  concern- 
ing the  petroleum  industry  were  published, 
more  than  30  firms  have  received  permits 
from  the  Minister  of  Agriculture  and  Crown 
Domains  to  engage  in  the  petroleum  industry 
in  Russia,  and  applications  are  being  made 
for  permission  to  develop  the  territory  on 
the  Apsheron  Peninsula,  some  300  miles 
north  of  Baku,  on  the  Caspian  Sea. 

This  increased  demand  for  fiiel  caused 
foreign  capitalists  to  look  carefully  after  the 
residues,  which  has  resulted  in  a  decrease 
in  the  amount  of  kerosene  exported  and  a 
greater  demand  for  petroleum  fuel  at  good 
prices;  this  increased  900  per  cent,  during 
the  past  6  years  and  is  still  growing,  not- 
withstanding the  competition  of  pit  coal 
and  wood.  The  demand  for  petroleum  fuel 
from  the  flBkctories  in  and  about  Moscow  has 
more  than  doubled  in  6  years  and  now 
amounts  to  millions  of  tons  annually. 

The  consumption  of  liquid  fuel  on  loco- 
motives has  increased  tenfold  in  9  years  and 
on  river  steamboats  fourfold  in  11  years, 
while  the  consumption  of  coal  increased 
113  per  cent,  and  of  wood  58  per  cent. 


In  order  to  meet  the  demand  for  liquid 
fuel,  Baku  must  increase  her  output  from 
242,000,000  poods  to  360,000,000  poods 
(3,903,226  tons  to  6,806,451  tons),  and,  in 
order  to  supply  the  increasing  demand  from 
the  interior  of  Russia,  it  will  be  necessary  to 
increase  the  output  of  residues  to  8,064,516 
tons  in  the  near  future.  This  development 
will  requireafurther  investmentof  $8,000,000, 
which  must  come  from  foreigners. 

The  slow  development  of  the  export  of 
kerosene  is  due  partly  to  the  fact  that  Baku 
finds  it  more  profitable  to  produce  liquid 
fuel  and  partly  to  the  competition  of  the 
Standard  Oil  Company;  but,  unless  the  ex- 
port of  Russian  kerosene  is  increased,  as  the 
demand  from  the  interior  is  small,  the  liquid 
fuel  will  contain  too  great  a  percentage  of 
dangerous  volatile  products  for  profitable 
trade. 

The  increased  production  of  kerosene  is 
necessary  to  supply  the  fuel  residues,  and, 
while  the  same  wiU  meet  strong  opposition 
from  the  United  States,  success  is  only  possi- 
ble by  Russia  adopting  the  Standard  Oil 
Co.'s  methods  for  saving,  transporting,  and 
delivering  the  product,  which  will  require  a 
largely  increased  capital.  It  is  estimated 
that  the  amount  of  $10,000,000  will  be 
required  to  successfully  compete  with  the 
American  oil  in  England  alone. 
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A  PROPOSED  BOLT  CODE 

Ws  ARB  indebted  to  Mr.  Willi«m  G.  Miller 
for  the  accompanyiog  eketchea  and  descrip- 
tion of  the  bolt  code,  which  we  have  reason 
to  think  will  be  usefdl  to  many.  He  states 
that  it  has  met  with  favor  among  those  that 

OPEff  HOLES   FOR  BOLTS 
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signs.  My  code  has  been  shown  to  a  num- 
ber of  persons  whose  duty  it  is  to  get  out  the 
field  rivets  and  bolts  and  they  were  very 
much  in  fiavor  of  its  adoption  on  account  of 
its  simplicity  and  the  ease  with  which  it  can 
be  borne  in  mind.  Some  have  thought  there 
might  be  a  slight  confiision  by  confounding 
the  bolt  sign  for  plain  holes 
with  the  Osbom  sign  for 
holes  countersunk  on  the  fiu- 
side.  In  actual  practice,  how- 
ever, the  position  of  the  open 
holes  in  nine  cases  oat  of  ten 
will  show  to  the  shopman 
whether  the  latter  is  coun- 
tersonk  or  for  bolts.  With 
the  use  of  well-ezecuted' 
drawings  to  a  reasonable 
scale  and  good  prints  there- 
from, little  confosion  is  likely 
to  arise  from  the  code,  and 
it  will  be  foond  to  greatly 
assist  the  erector." 
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have  examined  it,  especially  those  that  are 
most  capable  of  judging  as  to  its  merits. 
He  says  in  his  letter  accompanying  the 
drawing:  '*  Every  one  that  has  anything 
to  do  with  the  prei)aration  or  use  of  drawings 
has  noticed  how  unsightly  and  'ragged'  an 
otherwise  neat  looking  drawing  is  made  to 
appear  by  the  use  of  bolt  notices.  It  is  also 
common  experience  in  the  erection  of  strao- 
tures  to  find  that  the  field  bolts  are  often 
varied  from  the  number  required  because  of 
the  omission  of  such  notices.  With  a  view 
of  correcting  some  of  these  troubles,  the 
writer  proposes  a  code  for  open  holes  through 
which  bolts  are  to  be  inserted.  It  is  simply 
the  Osbom  code  with  the  letter  B  on  its 


JcM.  L,  Karriek,  WaaMngUm,  D.  C. 

Ths  article  on    concrete 
construction  in  the  May, 
1900,  number  is  interesting, 
but  it  is  not  entirely  definite 
to  me.    Would  it  not  be  pos- 
sible for  the  writer  to  obtain 
a  detailed  statement  of  meth- 
ods and  cost  from  the  builder 
or  architect,  and   also  the 
reason  for  making  the  change 
from  one  method  to  another  7 
I  have  just  built  concrete  walls,  the  first 
that  have   been   allowed  by  the  building 
inspectors  of  this  city.    The  walls  with  which 
I  had  to  deal  were  built  from  the  foundation, 
at  the  cellar  bottom,  to  the  second-floor  joist, 
bricks  being  used  above  that  point.    The 
method  used  in  constructing  these  walls  was 
fairly  satisfactory,  but  I  think  it  could  be 
improved  upon. 

Boards  12  inches  wide  were  used  for  the 
sides  of  boxes,  which  had  movable  ends 
but  were  without  tops  or  bottoms.  The 
sides  of  these  boxes  were  kept  from  spread- 
ing by  four  {^^  X  18^^  bolts  at  the  bottonoi, 
and  movable  cleats  at  the  top.  After  the 
boxes,  or  troughs,  were  in  place,  they  were 
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filled  with  concrete,  which  was  rammed 
until  wiiter  showed  on  the  top.  This  con- 
crete was  allowed  3  hoars  in  which  to  set, 
when  the  boxes  were  taken  down  by 
knocking  off  the  top  cleats  and  removing 
the  bolts,  the  boxes  then  being  set  up  and 
used  on  another  part  of  the  wall.  There 
were  about  360  feet  of  wall  to  be  constmcted, 
and  we  nsed  8  or  10  boxes.  After  about 
6  hours  the  wall  was  hard  enough  to  sup- 
port the  boxes,  and  then  another  10  inches 
of  concrete  was  added  to  the  height  of  the 
wall.  The  bolts  holding  the  bottom  of  the 
sidee,  being  2  inches  from  the  edge,  allowed 
the  boards  to  lap  on  the  finished  wall  that 
distance,  the  bolts  resting  on  the  top  of  the 
wall.  When  the  bolts  were  removed  a 
f-inch  hole  was  left,  which  was  easily  filled, 
or  pointed,  afterwards.  The  labor  cost  of 
making  and  putting  in  the  concrete,  which, 
of  course,  does  not  include  the  material,  was 
50  cents  per  cubic  yard,  besides  one  man 
being  required  to  take  down  and  set  up 
the  boxes. 

To  make  a  smooth  job,  we  had  to  work 
the  concrete  quite  wet,  and  more  sand  was 
used   than  economy  would  demand.    We 
commenced  operations  with  1  part  natural 
cement,  3  parts  sand,  4  parts  gravel,  and  6 
parts  broken  brick,  but  found  the  propor- 
tions of  1^  of  cement,  5  of  sand,  2  of  gravel, 
and  6  of  broken  brick  made  smoother  work. 
The  advantage  of  using  the  apparatus  that 
we   employed  was  that   all  the  material 
employed  in  making  the  boxes  could  be 
used  afterwards  in  the  building.    The  dis- 
advantage that  we  experienced  was  that,  on 
account  of   the   carelessness    of   common 
laborers,  the  boxes  would  get  knocked  out 
of  line,  and  ^his  would 
not  be  discovered  until 
the  concrete  had  set. 
Of  course,  with  careful 
supervision  this  could 
be  avoided. 
.^  < :-      The    accompanying 
r|  1 1^  sketch  shows  the  con- 
'  £|  ^  struction  of  the  boxes, 
H|  and  is  sufficiently  clear 
-^      to  need  no  fhrther  ex- 
planation.   I  consider 
it  an  ideal  construction  for  many  classes  of 
buildings;  for  the  walls  when  set  are  mono- 
lithic in  nature,  offering  great  stability  and 
durability  at  low  cost.    If  other  readers  of 
SdSNCB  AND  Industry  have  any  information 
on  this  subject,  it  would  be  very  interesting 
to  me  to  hear  from  them  through  the  col- 
umns of  this  magazine. 


I ^' 


BROACHING  HOLB8  ON  THB  8HAPBR 

A.  Sharper,  Wdynetboro,  Pa. 

SoMS  time  ago  I  had  a  number  of  slots,  as 
shown  at/  in  view  (a)  of  the  illustration,  to 
cut  into  rectangular  pieces  of  steel,  the  slots 
being  {  inch  wide  and  1}  inches  long,  with 


semicircular  ends.  The  most  obvious  way 
would  be  to  drill  two  f-inch  holes  the  proper 
distance  apart,  as  shown  at  /^,  and  either  to 
plane  or  slot  out  the  metal  between  with  a 
regular  slotting  tool.  As  such  a  tool  \a  neces- 
sarily slender  and  springy,  it  requires  con- 
siderable time  to  make  a  good  job  of  the 
slotting.  After  some  thought,  I  decided  to 
make  a  slotting  tool  similar  to  a  broach,  as 
shown  at  ( 6) .  The  front  end  of  the  tool  was 
slightly  tapered  and  a  number  of  steps 
turned  in.  The  tool  was  then  hardened 
and  its  tapered  rear  end  inserted  into  a  tem- 
porary bushing  fitted  to  the  tool-poet  hole  in 
the  clapper  a  of  the  shaper  [see  view  (c)]. 
The  cylindrical  part  c  of  the  tool  was  made 
slightly  smaller  than  the  largest  step,  which 
was  made  the  size  of  the  hole.  The  clapper 
being  fastened,  the  slots  were  then  planed. 
Owing  to  the  slight  cut  taken  by  each  cut- 
ting edge,  a  nice  smooth  job  was  done. 
The  slot  was  produced  quite  rapidly,  since 
the  sides  were  planed,  or  rather  broached, 
to  the  correct  size  in  one  operation.  It  will 
be  understood  that  the  work  was  clamped  to 
an  angle  plate  and  fed  along  by  means  of  the 
cross-feed  screw. 

Similar  broaching  tools  may  be  used  for 
shaping  hexagonal  holes  in  collars,  and  other 
work  of  the  same  nature,  using  a  shaper, 
planer,  or  Blotter. 

AN  IMPROVED  COWL 

Frank  HumphreiHUe,  Atlantic  City 

Thb  accompanying  sketch  shows  an  im- 
proved cowl — one  that  will  not  stick.  I 
have  tried  many  different  kinds  of  swinging 
cowls,  but  most  of  them  rust  and  do  not 
move  with  a  slight  breeze  as  they  should.  I 
have  made  a  large  number  of  these  cowls, 
and  they  all  give  satisfaction.    I  therefore 
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take  pleasure  in  preeenting  the  following 
description  of  it  for  the  benefit  of  the  readers 


of  8ciBNCic  AND  INDUSTRY,  trostlng  that  they 
may  get  as  good  results  from  it  as  I  have. 


The  water  pipe  a' is  a  piece  of  galvanized 
iron;  6  is  a  ball  bearing,  which  is  simply  a 
common  marble;  c  is  a  weight  to  balance  the 
vane  A;  c{  is  a  brace  to  center  the  pipe  a;  « is 
the  center  piece  of  the  rod  iron  supported 
by  braces  /,  /;  and  g  is  the  center  plate  of 
heavy  sheet  iron.  The  pipe  a  is  soldered 
to  the  plate  g^  and,  since  the  pipe  a  is  air- 
tight, it  is  impossible  for  gases  to  enter  it 
and  destroy  the  bearing.  If  it  is  desired 
to  convert  the  cowl  into  a  down-draft  cowl 
instead  of  an  exhaust  cowl,  as  shown  in  the 
sketch,  it  is  only  necessary  to  reverse  the 
vane  h  so  that  it  will  keep  the  mouth  of  the 
cowl  to  the  wind  with  the  arrangemeDt 
shown.  The  wind  blows  in  the  direction  of 
the  arrows,  and  by  causing  a  partial  vacuum 
at  the  mouth  of  the  cowl,  it  induces  a  strong 
upward  draft.  When  the  vane  is  reversed, 
however,  the  wind  blows  into  the  mouth  of 
the  cowl  and  produces  a  down  draft. 
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BRIC880N  TELEPHONE  SERIAL 


The  Ericsson  Telephone  Company,  of  New 
York,  have  just  issued  Part  4  of  ''The  Erics- 
son Series."  It  contains  some  interesting 
information  concerning  the  number  of  tele- 
phone subscribers  in  the  various  large  cities 
of  Denmark,  Finland,  Norway,  Sweden, 
Holland,  Russia,  China,  Egypt,  Africa,  and 
South  America,  that  have  Ericsson  Swedish 
telephone  apparatus  and  switchboards.  It 
also  contains  a  diagram  of  connections  for 
a  simple  metallic  switchboard.  Any  one 
sending  their  name  and  address  will  receive 
a  copy  by  return  mail. 

THE  BURT  EXHAUST  HEAD 


In  a  modem  steam  plant  running  non- 
condensing,  an  exhaust  head  placed  on  the 
end  of  the  exhaust  pipe  is  not  only  a  desir- 
able attachment,  but  in  many  cases  an  abso- 
lute necessity.  As  is  well  known,  it  serves 
a  double  purpose.  In  the  first  place,  it 
reduces  to  a  minimum  the  noise  the  exhaust 
steam  makes  in  escaping;  in  the  second  place, 
it  removes  entrained  water  and  oil  from  the 
exhaust  steam,  and  condenses  a  large  part 
of  the  exhaust  steam,  thus  preventing  con- 
stant wetting  of  the  roof  or  adjoining  build- 
ings. As  an  exhaust  head  is  located  in  a 
rather  inaccessible  place,  it  should  be  simple 
and  durable  in  construction,  two  conditions 
that  are  fnfilled  by  the  Burt  exhaust  head, 
made  by  the  Burt  Manufacturing  Company, 


Akron,  Ohio,  who  will  be  pleased  to  send 
a  fiill  description  of  the  device  to  any  one 
interested  in  modem  means  of  reducing  ex- 
penses about  a  steam  plant 

ENGINEER'S  BOOK  FREE 

Every  engineer  using  packing  and  desir- 
ous of  keeping  up  to  the  times  should  take 
the  time  to  send  his  name  and  address  to 
the  Pilley  Packing  and  Flue  Brush  Manu- 
facturing Company,  318  North  Main  Street, 
St.  Louis,  Mo.,  requesting  one  of  their  books 
called  "Pilley's  Points  on  Packing."  It  is 
well  worth  |1.00  to  every  user  of  packing, 
and  is  sent  free  of  cost  to  all  engineers  inter- 
ested. They  will  also  send,  for  the  asking,  a 
very  useful  memorandum  containing  eighty 
pages.  

AN  AUTOMATIC  LUBRICATOR 

Mb.  G.  U.  Merrill  has  designed  and 
patented  a  positive-feed  lubricator  intended 
for  grease,  which  is  so  constracted  that  it 
will  feed  only  when  the  part  to  which  it  is 
attached  is  in  motion.  This  is  accomplished 
by  the  vibration  of  a  pendulum  that  has  a 
pawl  working  in  a  ratchet  wheel.  The  shaft 
that  carries  the  ratchet  wheel  has  a  worm  at 
the  end,  which  meshes  with  a  worm-wheel 
splined  to  a  central  screw  carried  in  a  suit- 
able bracket  at  the  top,  and  bearing  on  the 
piston.  Any  vibration  of  the  pendulum 
turns  the   ratchet  wheel,  which   in  tuni 
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screws  the  central  screw  inwards,  and  the 
preesnre  thus  produced  on  the  piston  expels 
the  grease.  Fall  information  in  regard  to 
this  Inbricator  will  be  furnished  on  appli- 
cation by  J.  L.  Robertson  &  Sons,  Fulton 
Street,  New  York,  N.  Y. 

THE  CANNON  OIL  CAN 

The  Wallace  Supply  Company,  56  Fifth 
Avenue,  Chicago,  111.,  are  fumishing  an  oil 
can  for  the  use  of  engineers  which  differs 
considerably  in  construction  from  that  in 
common  use.  With  the  ordinary  can,  diffi- 
culty is  often  experienced  in  getting  the 
oil  to  flow  from  the  spout,  since  the  force 
causing  it  to  do  so  is  rather  small.  In  the 
"Cannon"  oil  can  the  oil  is  pumped  by 
a  small  force  pump,  extremely  simple  in 
construction,  that 
(^^^^  forms  part  of  the 

^0^ll\.  oil  can.     Owing 

to  the  positive 
displacement  of 
the  oil,  the  can 
may  be  used  in 
any  position,  and 
is  reliable  in  its 
action,  since  the  pressure  under  which  the 
oil  can  be  ejected  will  remove  any  obstruc- 
tion. As  shown  in  the  accompanying  illus- 
tration, the  can  is  operated  with  one  hand 
with  great  ease,  the  plunger  of  the  pump 
being  pressed  inward  with  the  thumb  to 
start  the  oil.  More  complete  details  will 
be  furnished  on  application  by  The  Wallace 
Supply  Company. 

COAL,  POWER,  AND  LUBRICANT 

Plain  and  practical  remarks  on  lubricants 
are  always  of  interest  and  value  to  users  of 
machinery.  Coal  burned  at  one  end  of  a 
plant  and  the  power  obtained  at  the  other 
end  depend  on  the  lubricant  used  between. 
An  addition  of  10  to  15  per  cent  of  Dixon's 
pure  flake  graphite  to  the  oil  or  grease  will 
enable  either  to  do  several  times  more  work. 

A  good  lubricant  is  a  trifle  as  to  its  cost, 
but  is  not  a  trifle  as  to  consequences. 
Consider  what  a  lubricant  is  foi^to  save 
power  in  machinery.  The  amount  of  power 
lost  in  machinery  is  variable;  it  is  idways 
large.  It  may  be  fairly  estimated  that  one- 
half  the  power  expended  in  the  average  case, 
whether  in  mill  or  shop,  is  wasted  in  lost 
work,  being  consumed  in  overcoming  the 
friction  of  surfaces.  To  the  large  user  of 
power,  poor  and  inefficient  lubrication  means 
enormous  waste  of  power  and  costs  for  re- 
pairs.   It  has  been  most  thoroughly  demon- 


strated that  an  oil  or  grease  is  necessary  for 
saving  power  and  preventing  wear,  and  that 
Dixon's  pure  flake  graphite  is  the  only  solid 
lubricant  that  largely  enchances  the  lubri- 
cating value  of  oils  and  greases.  Further- 
more, where  this  graphite  is  used,  a  cheaper 
or  lower  grade  of  oil  or  grease  can  be  used 
and  the  expense  of  lubrication  reduced  as 
well  as  power  saved. 

THE  DETROIT  LUBRICATOR  CO. 

Wb  have  received  the  1900  catalogue,  of 
the  Detroit  Lubricator  Company,  Detroit, 
Mich.,  which  contains  a  full  description  of 
a  number  of  specialties  that  have  been 
added  since  the  last  edition  of  the  catalogue. 
A  remarkably  dear  explanation  of  the  work- 
ing of  a  sight-feed  lubricator  has  been 
inserted,  which  should  prove  of  benefit 
to  any  one  who  wishes  to  know  **  why  "  the 
oil  flows  from  the  lubricator  into  the  steam- 
pipe.  The  practical  hints  on  the  care  and 
operation  of  sight-feed  lubricators  that 
appear  in  this  edition  should  interest  and 
undoubtedly  will  be  appreciated  by  any 
one  using  sight-feed  lubricators. 

The  catalogue  contains  full  descriptions 
and  directions  for  operation  of  all  the  goods 
manufactured  by  the  Detroit  Lubricator 
Company,  who  will  send  it  upon  request, 
free  of  charge.  Among  the  many  different 
classes  of  goods  made  may  be  mentioned 
sight-feed  and  plain  lubricators,  brass  and 
glass  oilers  and  oil  pumps,  oiling  devices, 
boiler  oil  ix^ectors,  low-water  indicators, 
globe  valves,  steam  and  hot- water*  radiator 
valves,  and  balanced  throttle  valves.  The 
catalogue  is  standard  size,  6  in.  X  9  in*}  and 
is  a  handsone  specimen  of  the  printer's  art 

BOOK  NOTICES 

Ths  Knioht  of  thb  Grip.  Being  a  series 
of  dissertations  on  his  conditions,  cnaracter, 
and  conduct,  as  they  appear  to  an  ordinary 
chap  who  has  studiea  nim.  Price,  clotii, 
60  cents.  David  Williams  Company,  New 
York. 

This  is  a  book  of  reminiscences,  which, 
without  intending  to  instruct,  gives  the 
traveling  fraternity  many  pointm.  There  is 
not  a  word  of  advice  in  it,  but  nevertheless 
plenty  of  advice  can  be  derived  from  its 
perund.  It  is  not  humorous,  in  the  sense 
of  being  funny,  and  every  incident  is  taken 
from  life.  Every  traveling  salesman,  agent, 
or  solicitor  should  have  a  copy. 

Notes  on  the  Elementary  Forms, 
Methods  op  Construction,  and  Dimensions 
OP  Common  Articles  op  Furniture.     By 
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Alvin  Crocker  Nye,  Ph.  B.,  Instructor  in 
Fnmiture  Designing,  Pratt  Institute,  Brook- 
lyn, N.  Y. 

Tliis  is  a  book  suitable  for  reference  to 
obtain  the  necessary  data  for  work  in  con- 
nection with  fiimiture  designing,  particu- 
larly in  the  points  of  construction.  The 
book  is  unique,  inasmuch  as,  instead  of 
being  filled  with  illustrations  of  historic  fur- 
niture for  the  designer  to  blindly  copy,  the 
plates  show  simple  skeleton  forms  of  fur- 
niture that  can  be  elaborated  according  to 
any  school  or  style  of  design;  and  the  con* 
structions  and  framing  plans  being  given, 
there  will  be  no  danger  of  the  designs  being 
improperly  schemed  for  production.  To  the 
student,  the  experienced  draftsman,  and 
the  architect,  the  book  will  be  a  great  aid  as 
a  textbook  and  a  reference,  as  well  as  a 
source  from  which  to  draw  ideas  for  the 
designs  of  characteristic  furniture. 

America's  Working  Pbopls.  By  Charles 
B.  Spehr.  Longmans,  Green  &  Company, 
New  York.    Price  $1.25. 

This  book  was  not  written  by  one  who 
had  ''an  axe  to  grind"  or  who  had  a  theory 
to  elaborate;  it  is  a  record  of  the  personal 
observations  of  the  author  in  all  parts  of  the 
country — in  the  East,  the  South,  the  West, 
and  the  Northwest— and  deals  with  the  con- 
ditions as  found  in  the  sections  visited.  As 
the  title  indicates,  the  subject  treated  of  is 
the  ''working  people. '*  A  dear  account 
is  given  of  the  daily  lives  of  the  employed  as 
affected  by  the  conditions  governing  them, 
and  we  are  told  how  they  live,  the  salaries 
they  receive,  and  their  observations  regard- 
ing matters  affecting  them.  Both  sides  of 
the  labor  question  are  presented — ^the  em- 
ployer's and  the  workman's — ^but  in  such  an 
impartial  manner  as  not  to  arouse  a  feeling 
of  antagonism  on  the  part  of  the  fieiir  minded 
reader,  no  matter  what  his  views  may  be. 
It  is  a  very  interesting  book. 

Horseless  Vehicles,  Automobiles,  Motor 
Cycles,  Operated  by  Steam,  Hydrocarbon, 
Electric,  and  Pneumatic  Motors.  By 
Grardner  D.  Hiscox,  M.  E.  Norman  W. 
Henley  &  Co.,  132  Nassau  Street,  New  York. 
Price,  $3.00. 

Those  who  have  read  the  earlier  works  of 
the  author  of  this  book  will  not  be  disap- 
pointed with  this,  his  latest  effort.  It  is 
made  up  very  largely  of  catalogue  descrip- 
tions and  illustrations  of  nearly  every  tjrpe 
of  motor  vehicle  that  has  been  introduced 
in  America  up  to  the  present  time.  The 
general  reader  who  is  interested  in  knowing 
what  has  been  done  in  this  field,  and  who 


cares  more  for  an  outline  of  the  leading 
features  of  the  different  types  than  for 
accurate  technical  information,  will  find 
much  that  is  interesting  and  some  that  is 
instructive  in  the  pages  of  this  book.  The 
engineer,  however,  who  has  given  the  de- 
velopment of  horseless  locomotion  some 
study,  will  find  nothing  in  it  that  will  be 
new,  while  the  student  who  wants  prin- 
ciples, or  the  designer  who  is  searching  for 
practical  information  that  will  assist  in  the 
proportioning  of  vehicles,  or  the  motors  and 
gearing  by  which  they  are  propelled,  will 
find  that  these  points  are  as  carefully  con- 
cealed as  they  are  in  the  catalogues  of  the 
most  conservative  builders. 

Gas-Enoinb  Construction.  A  practical 
treatise  describing  the  theory  and  principles 
of  the  action  of  gas  engines  of  various  tyi>e8 
and  the  design  and  construction  of  a  }-horse- 
power  ns  engine.  By  Henry  V.  A.  Parsell, 
Jr.,  and  Arthur  J.  Weed,  M.  £.  Norman 
W.  Henley  &  Co.,  132  Nassau  Street,  New 
York.    Price,  $2.50. 

This  is  preeminently  a  book  for  the  ama- 
teur, and  contains  only  so  much  theory  as  is 
required  to  enable  the  beginner  to  under- 
stand the  general  principles  on  which  the 
action  of  the  gas  engine  depends  and  the 
purpose  of  the  various  parts  that  enter  into 
the  construction  of  the  more  common  types 
of  this  motor.  The  descriptive  matter  is 
also  limited  to  the  illustration  of  a  represen- 
tative engine  of  each  of  the  different  classes, 
with  a  brief  explanation  of  its  leading  fea- 
tures. The  greater  part  of  the  space  is 
taken  up  with  directions  for  the  construc- 
tion of  a  2^^  X  4^^  horizontal  four-cycle  gas 
or  gasoline  engine,  rated  at  i  horsepower. 
Complete  working  drawings  of  all  the 
details,  together  with  very  thorough  in- 
structions for  performing  the  different  oper- 
ations involved  in  their  construction,  are 
given.  The  instructions  cover  all  the  dif- 
erent  steps  of  pattemmaking  and  machining, 
and  are  made  particularly  clear  by  means  of 
half-tone  reproductions  of  photographs  of 
the  patterns,  the  methods  of  fastening  the 
work  in  the  lathe  for  the  different  opera- 
tions, and  of  the  various  steps  involved  in 
finishing  the  parts  and  assembling  them. 
The  work  is  so  designed  that  the  only  ma- 
chine actually  required  in  finishing  aU  parts 
of  the  engine  except  the  flywheels  is  a  lathe 
with  an  8-inch  swing.  With  this  and  the 
requisite  small  tools,  any  careful  amateor 
can,  by  following  the  instructions  given,  feel 
confident  that  his  labors  will  be  rewarded  by 
the  production  of  a  suoeessful  motor. 
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NoTX.— iiddress  otf  UVLen  containing  queaUona  to  be 
amtwered  in  thU  department  to  Scibncb  and  Industbt, 
Seranton,  Pa. 

1.  Put  thi$  addreu  both  on  the  envelope  omd  ot  the 
head  qf  the  letter. 

f .  Only  queatiom  qf  general  interest  to  our  readers 
wfU  he  anmoered, 

S,    No  queatione  vdU  be  onawered  by  maH. 

U.  Draiwlnga  or  aketehea  accompanying  queationa  ahovld 
be  made  on  a  aeparate  aheet  itf  paper,  and  ahould  be 
drawn  as  dearly  aa  poaefble. 

5.  The  namea  and  addreaaea  qf  the  wrUera  mnui 
accompany  the  Uttera,  or  no  aitenUon  wOl  be  paid  to 
ihem.  Unleaa  otheruiae  requeated^  v>e  will  publiah  only 
the  iniiiala  cmd  addreaa  qf  the  vrriter. 

6.  S/tference  to  inquiriea  previoualy  anaviered  ahould 
glute  date  qf  iaaue  emd  number  qf  queation. 

7.  Queationa  cannot  be  anawered  in  the  iaaue  qf  the 
month  immedialdy  foUowing  their  receipt. 

8.  Any  book  not  out  qf  print  and  for  aale  by  regular 
dealera  may  be  ordered  through  the  magazine. 

9.  We  vtil  not  undertake  to  calculate  windinga  qf 
dynamoa  and  motora,  aa  this  invoioea  conaiderable  vqrk 
and  ia  seldom  Justified. 


MECHANICAL 


(897)  Explain  a  rale  for  laying  out  a  deyelopment 
of  a  tapered  oonne  for  a  boiler  40  in.  in  diameter  on 
its  largie  end,  80  In.  on  the  imall  end,  and  40  In.  In 
height.  A.  O.  G.,  Two  Harbore,  Minn. 

Amb.— Ufe  the  method  dceorihed  In  Antwen  to 
Inqnlries,  No.  8ft6,  In  the  December,  U99,  lane. 


(806)  (a)  I  have  a  email  fine  emery  wheel,  ran 
at  a  low  ipecd  by  foot-power,  that  la  to  be  nied  for 
grinding  idHori.  etc.  I  haye  been  told  that  a  dry 
emery  wheel  will  take  the  temper  ont  of  tools:  u 
thli  uie  caae  T  (b)  How  hot  mnet  a  tool  become  before 
it  iB  InJnredT  E.  a,  Sgan,  m. 

AN8.— (a)  There  1b  not  the  allghtert  donbt  that 
it  l8  powSble  to  draw  the  temper  ont  of  the  edgee 
of  eattlng  tools  when  using  a  dry  emery  wheel. 
Howerer,  the  very  £sct  of  the  temper  being  drawn 
shows  that  the  wheel  is  Improperly  nsed.  The  wheel 
ahoald  ran  at  a  high  speed,  about  5.000  ft  surfitoe 
speed  per  minute;  grind  yery  lightly  and  yon  will 
haye  no  trouble.  In  maohlne^ihop  work,  milling 
cutters,  reamers,  and  similar  cutting  tools  are  usually 
ground  with  a  dry  emery  wheel  without  drawing  the 
temper;  as  a  matter  of  course,  using  a  wet  wheel 
reduces  the  liability  of  getting  the  edges  too  hot. 
(6)  This  depends  on  the  purpose  of  the  tool.  In 
general,  the  cutting  edge  becomes  injured  when  it 
la  heated  to  a  higher  degree  than  that  corresponding 
to  the  temper  glyen. 

••• 

(899)  Wrplain  the  cause  of  foaming  in  a  boiler 
and  tell  how  to  stop  it.       O.  O.  D.,  Massena,  N.  Y. 

AiVB.— The  most  usual  cause  of  foaming  iaoil  in  the 
boiler,  often  in  combination  with  other  impurities 
that  with  the  oil  form  a  scum  or  soapy  compound. 
Thii  rises  to  the  surface  of  the  water  and  prevents 


the  free  escape  of  the  steam,  with  the  result  that 
foam  or  firoth  is  formed.  Some  feedwaters  contain 
Impurities  that  produce  foaming  even  though  no  oil 
is  present.  The  best  remedy  for  foaming  is  to  keep 
the  boiler  free  from  oil  and  other  impurities  that 
cause  it.  If  it  is  impracticable  to  keep  all  such 
impurities  out  of  the  boiler,  a  surface  blow-off  will 
do  much  to  prevent  serious  foaming. 

»  » 

(400)  (a)  What  wlU  be  the  flow  of  water  through 
a  straight  galvanised  pipe  10  in.  in  diameter  and 
6,000  ft.  long,  under  a  nead  of  5  ft.?  (&)  Give  a  for- 
mula for  calculating  the  flow  of  water  in  pipes  of 
different  lengtha  and  diameters  under  different 
heads,  (c)  Show  by  a  sketch  the  construction  of  the 
inspirator  and  explain  the  principles  of  its  action; 
also  give  directions  for  its  operation. 

V.  N.,  Escanaba,  Mich. 
Ans.— (a)  Probably  about  .85  cu.  ft.  per  second, 
(b)  The  following  are  simple  formulas  for  different 
kinds  of  pipes,  that  will  give  fairly  satisfactory  results: 
For  rough  or  pitted  cast-iron  pipes  above  6  in.  in 
diameter,  Q  =  VVh\  for  rough  pipes  from  3  to  6  In. 
in  diameter,  Q  »>  0.89  i/!d^;  for  new  smooth  cast- 
iron  pipes,  the  formulas  for  large  and  small  pipes  are, 
respectively,  Q  =  \.4QVWh  and  Q  ==  l.T^V^'^- 
In  these  formulas,  Q  ^  flow  in  cubic  feet  per  second; 
D  »  diameter  of  the  pipe  In  feet;  and  h  =  head  per 
1,000  ft.  of  pipe.  For  different  degrees  of  roughness, 
the  flow  will  vary  between  the  above  extreme 
values,  (e)  We  cannot  spare  the  space  in  these 
columns  for  an  answer  to  this  question.  A  very 
good  description  of  the  Hancock  inspirator  and  of 
the  principles  of  Its  operation  is  given  in  an  article 
in  "  Home  Study  Magazine,"  for  September,  1896.  A 
copy  of  this  magasine  can  be  obtained  fh>m  The 
Colliery  Engineer  Co. :  price  15  cents.  For  directions 
for  operating  the  Inspirator,  we  advise  you  to  apply 
to  the  makers. 

* 
*  » 

(401)  An  engine  is  running  at  speed  down  a  very 
steep  grade.  The  reverse  lever  is  thrown  into  fmi 
gear-^  the  same  motion  as  the  engine  is  running. 
The  steam  is  at  150  lb.  pressure.  If.  now,  the  throttle 
is  opened,  will  it  Increase  or  will  it  check  the  speed 
of  the  train  T  A.  F.  W. ,  Glbara,  Cuba. 

Am.— This  is  a  question  we  would  rather  not 
answer  dogmatically,  as  we  have  never  tried  the 
efltet  of  giving  an  engine  steam  with  the  lever  in 
ftill  gear  at  such  an  extreme  speed  aa  you  imply.  In 
any  caae,  a  great  deal  dependa  on  the  valve  gear 
—whether  or  not  there  is  any  Inside  clearance.  For 
instance,  if  speed  is  not  too  high,  opening  the  throttle 
might  Increase  it  if  the  lever  were  cut  well  back 
rather  than  if  ftiU  over.  On  the  other  hand,  speed 
might  be  so  high  that  opening  the  throttle  would 
check  it. 

♦% 

(402)  (a)  In  estimating  the  horfepower  of  a 
boiler,  what  proportions  are  allowed  for  the  dif- 
ferent styles  of  riveted  Joints?  For  example,  a 
retura-tuoular  boiler  haa  double-riveted  lap  Jolnta 
with  I"  riveta  properly  spaced  according  to  the 
rules  of  the  Hartford  Steam  Boiler  Insurance  and 
Inspection  Co.  If  this  boiler,  estimating  on  a  basis 
of  14  sq.  ft.  of  heating  surface  per  H.  P.,  is  rated  at 
92  H.  P.,  what  would  its  rating  be  if  triple-riveted 
lap  Joints  were  used,  and  what  if  inside  and  outside 
butt  straps  with  triple  rows  of  f"  rivets  were  used 
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for  the  JointaT  (b)  We  test  oor  new  boilen  to  a 
hydroitatlo  premire  of  125  lb.  per  sq.  in.  What  1b 
the  equlYalent  In  tteam  preamre? 

H.  W.,  SeLma,  Ala. 
Aks.— (a)  The  type  and  itrens:th  of  the  Jointi 
make  no  difference  In  the  honepower  rating.  With 
the  second  and  third  types  of  Joints,  the  boiler 
would  be  stronger  and  would  safely  carry  a  higher 
pressure,  but  it  would  not  necessarily  develop  a 
greater  amount  of  power.  (6)  A  hydrostatic  pres- 
sure of  125  lb.  per  sq.  in.  is  the  same  as  a  steam  or 
air  or  any  other  pressure  of  the  same  intensity.  In 
order,  howeyer,  to  make  sure  that  a  new  boiler  is 
strong  enough  to  safely  carry  the  pressure,  it  is 
usually  tested  at  a  pressure  higher  than  that  at 
which  it  is  to  work.  A  common  ratio  is  to  make  the 
test  pressure  1^  times  the  working  pressure. 
* 
•»  « 

(403)  I  have  a  water  motor  with  a  |"  Jet  that  is  to 
work  under  a  pressure  of  120  lb.  per  sq.  in.  The 
drain  from  the  motor  will  be  85  ft.  long,  with  a  foil 
of  4  ft.  Will  a  7f'  pipe  be  large  enough  for  the  drain; 
if  not,  what  size  should  I  use? 

R.  W.  T.,  Honesdale,  Pa. 
Anb.— We  would  recommend  a  8"  pipe.     With  a 
smaller  drain,  there  would  be  danger  of  flooding  the 
motor  and  subjecting  it  to  considerable  resistance. 

*•* 

(404)  (a)  How  is  the  steam  space  of  a  water-tube 
boiler  calculated?  (6)  How  would  ordinary  welded 
pipe  stand  the  action  of  a  steady  flreT  (e)  Would 
threaded  connections  be  all  right  when  only  occa- 
sional service  is  required?    (d)  What  worklnig  pres- 


sure would  2"  pipe  stand?  (e)  What  per  cent,  of 
metal  could  be  drilled  ftt>m  hydraulic  inpe  to  leave 
it  with  the  same  working  pressure  as  in  case  of 


question  Id)  ?    (/)  With  rough  bands  shrunk  on  a 

epe.  would  both  expand  evenly  enough  for  the 
kuds  to  act  as  stavs?    (g)  What  substance  is  best 


for  making  threaded  Joints  that  are  exposed  to  the 
fire?  (A)  Is  there  a  simple  device  for  attracting  the 
sediment  in  a  water-tube  boiler,  or  must  the  boiler 
be  designed  for  that  purpose? 

M.  M.,  Toronto,  Can. 

Anb.— (a)  Allow  about  .5  cu.  ft.  steam  space  per 
indicated  horsepower,  (b)  We  do  not  think  that  any 
boiler  iuBpector  would  pass  a  boiler  constructed  of 
ordinary  welded  pipe.  Solid  drawn  tubing  should 
be  used,  (e)  Yes.  (d)  Ordinary  wrought-iron  pipe 
of  this  slxe  is  tested  to  800  lb.;  we  would  not  care  to 
allow  a  higher  working  pressure  than  150  lb.  on  it. 
Opinions  differ  on  this  subject,  however,  (e)  You 
propose  an  impracticable  scheme.  You  can  get  solid- 
drawn  steel  tubing  of  almost  any  gauge  far  cheaper 
than  you  can  bore  out  hydraulic  pipe.  (/)  Yes. 
ig)  Graphite,  {h)  The  boiler  must  be  designed  so 
that  all  sediment  will  collect  in  a  space  to  be  pro- 
vided for  this  purpose. 

»*» 

(405)  (a)  How  do  yon  find  the  efficiency  of  a 
boiler?  lb)  How  do  you  find  the  size  of  feed-pump 
for  a  boiler?  (c)  Is  there  any  rule  to  find  the  size 
of  blow-off?  (d)  Is  there  any  other  way  of  reversing 
a  high-speed  automatic  engine  than  to  shift  the  fly- 
wheel ?  (e)  How  can  the  norsepower  of  an  engine 
be  increased  without  increasing  the  speed  or  boiler 
pressure?  (/)  A  boiler  is  supported  by  four  lugs, 
two  on  each  nde;  how  can  I  detennine  whether  it 
rests  on  all  four  lugs,  and  how  can  I  fix  it  if  it  does 
not?  W.  8.  N.,  Denver.  Col. 

Anb.— (a)  Divide  100  times  the  number  of  British 
thermal  units  usefully  expended  in  making  steam 
in  a  certain  time  by  the  number  of  British  thermal 
units  applied  in  the  same  time;  the  quotient  will  be 
the  efficiency  in  per  cent.  (5)  A  common  rule  is  the 
following:  Multiply  the  horsepower  by  35;  the  prod- 
uct will  be  the  number  of  pounds  of  water  needed 
per  hour.  From  a  manufacturer's  catalogue,  select 
the  nearest  size  of  pump,  (e)  Mo.  It  may  be  made 
any  size  desired,    (d)  This  depends  entirely  on  the 


design  of  the  engine,  (e)  Increase  the  mean  effective 
pressure  by  making  the  cut-off  later  or  by  adding  a 
condenser.  (/)  This  can  only  be  determined  by 
actual  InBpection.  Block  up  one  of  the  low  plates 
below  the  lugs  in  order  to  fix  it. 


(406)  (a)  What  is  the  correct  angle  for  a  twist 
drill?  (5)  Should  a  fiat  drill  be  ground  to  the  same 
angle?   Give  me  a  few  pointers  about  grinding 


drflls.  H.  A.  W.,  Salt  Lake  City.  Utah. 

Amb.— (a  and  b)  We  presume  that  you  refer  to  the 
angle  of  relief;  that  is,  the  angle  included  between 
a  plane  perpendicular  to  the  axis  and  a  plane  tan- 
gent to  the  backing  off  of  the  cutting  edges.  This 
angle  must  be  determined  by  actual  experiment  on 
the  metal  that  the  drill  is  used  on,  bearing  in  mind 
that  the  angle  that  gives  the  easiest  cutting  drill  is 
not  necessarily  the  angle  of  greatest  durability. 
Each  different  metal  requires  a  different  angle  for 
best  results.  For  general  work,  it  may  be  about  1(P. 
The  cutting  edges  may  make  an  angle  of  60^  with 
the  axis.  Flat  drills  are  usually  ground  to  the  same 
angle  and  backed  off  as  much  as  twist  drilla. 


ELECTRICAL 


(407)  A  short  time  ago,  a  man  was  killed  by  a  cur- 
rent of  26  amperes  at  a  pressure  of  400  volts.  AfMend 
of  mine  said  that  if  the  amperes  and  volts  had  been 
more  nearly  equal  this  man  would  not  have  been 
killed.    Are  there  any  grounds  for  this  statement? 

H.  A.  W..  Salt  Lake  City,  Utah. 
Akb.— No. 

•*♦ 

(408)  What  causes  sparks  to  form  a  ring  around  a 
commutator?  W.  8.  N.,  Denver,  0>1. 

Anb.— Small  rings  of  fire  running  around  a  com- 
mutator are  sometimes  caused  by  dirt  or  carbon  dust 
becoming  lodged  between  the  segments.  The  rings 
so  formed  are  comparatively  fine  and  do  no  great 
amount  of  damage.  If  they  appear  very  numerous, 
the  commutator  should  be  well  cleaned  off.  If  there 
is  an  open  circuit  in  the  armature  winding,  or  a 
broken  connection  where  the  winding  attaches  to 
the  commutator  bars,  a  spark  will  be  drawn  out 
every  time  this  bar  passes  under  a  brush,  and  will 
generally  cause  a  bright  ring  of  fire  to  run  around 
the  commutator.  If  the  trouble  in  this  case  is  not 
located  and  remedied  at  once,  the  commutator  will 
soon  become  badly  burned* 

.% 

(409)  (a)  In  alternating-current  lighting,  can  the 
secondaries  of  several  transformers  be  connected  to- 
gether so  that  a  transformer  lightly  loaded  will  help 
one  that  is  overloaded?  (5)  If  so,  does  it  make  any 
dlflte>ence  in  what  wav  they  are  connected?  (c)  Are 
both  sides  of  a  transformer  considered  of  the  same 
polarity?  F.  L.  N.,  Ashland,  Or«. 

Akb.— (a)  The  secondaries  of  two  or  more  trans- 
formers may  be  connected  in  parallel  so  that  the 
load  will  divide  between  them.  When  this  is  done. 
however,  the  transformers  should  be  nearly  alike  in 
size  and  design.  They  should  also  be  located  n«ar 
each  other.  If  the  transformers  do  not  regnUtte 
alike,  one  is  apt  to  take  more  than  its  share  of  the 
load,  thus  blowing  its  ftises  and  throwing  all  the 
load  on  the  others.  However,  if  care  is  exercised 
they  may  be  made  to  work  with  their  secondaries  in 
parallel.  (5)  Yes;  it  makes  considerable  diflteenoe 
as  to  how  they  are  connected.  If  you  get  the  con- 
nections wrong  you  will  have  the  secondaries  tn 
series  Instead  of  In  parallel,  and  a  dead  short-circuit 
will  result.    Take  the  case  where  two  transformen 
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are  to  be  ooxmeeted  In  parallel;  lee  that  all  lampi 
are  dlaoonneeted  from  the  secondary  drcnit.  Con- 
nect up  both  sides  of  one  of  the  secondaries  to  the 
drcnit  and  one  side  of  the  other  secondary;  then 
connect  the  remaining' terminal  of  the  second  trans- 
fbrmer  to  the  other  side  of  the  oircoit  throoirh  a 
piece  of  small  ftise  wire.  If  the  wire  blows,  it  shows 
that  yon  have  the  two  secondaries  in  series,  and 
either  one  of  the  primaries  or  secondaries  shoold  be 
reversed.  If  the  ftise  does  not  blow,  the  connections 
are  all  right,  (e)  Neither  pole  of  a  transformer  can, 
strictly  speaking,  be  called  positive  or  negative, 
becanse  the  polarity  is  eontlnnally  changing.  How- 
ever, at  any  gfvm  tnttant,  the  two  terminals  will  have 
opposite  polarity,  and  it  is  this  Instantaneous  polarity 
that  has  to  be  taken  into  account  when  connecting 
up  transformers.  If  transformers  are  of  the  same 
style  and  make,  those  leads  that  are  brought  out  of 
the  ease  in  the  same  way  will  uioally  have  the  same 
instantaneous  polarity,  though  it  is  not  always  safe 
to  aasnme  this.  The  best  way  is  to  test  out  with  a 
piece  of  ftaae  wire  before  connecting  up  permanently. 


(410)  Please  teU  me  how  to  read  the  Weston 
ground  detector?  I  have  one  that  shows  40  degrees 
on  both  dynamo  mains.  The  ground  lamps  do  not 
show  the  ground  the  same  as  the  instrument. 

R.  C,  Annapolis,  Md. 

Ans.— The  scale  of  the  Weston  ground  detector 
usnaUy  reads  direetly  in  volts.  When  it  indicates  40 
it  shows  that  the  prearore  across  the  terminals  of 
the  ground  detector  is  40  volts.  The  Weston  ground 
detector  is  very  much  more  sensitive  than  a  lamp, 
and  might  indicate  a  ground  that  would  be  of  too 
high  a  resistance  to  appreciably  affect  the  lamps. 
It  takes  such  a  smaU  amount  of  current  to  operate 
these  ground  detectors  that  a  ground  of  quite  high 
resistance  would  pass  enough  current  to  deflect  the 
instrument  40  scale  divisions. 


(411)  (a)  How  many  batteries  will  it  require  to 
operate  a  telegraph  line  120  miles  long  with  25 
stations,  each  station  having  a  relay  and  sounder  T 
(5)  In  what  part  of  the  line  should  the  batteries  be 
plaoedT  (e)  How  many  cells  should  be  used  at  each 
station  for  the  sounders?  The  external  conductor 
is  galvanixed-iron  wire  and  the  earth  is  used  as  a 
return  drcnit. 

H.  N.  A.,  Kingston,  Jamaica,  B.  W.  I. 

Anb.— (a)  You  have  omitted  two  most  important 
Ikcts,  namely,  the  sise  of  iron  wire  and  resistance 
of  relays.  We  will  assume,  however,  in  order  to 
show  you  how  the  number  of  cells  may  be  calcu- 
lated, that  your  line  wire  is  No.  9  B.  W.  O.,  having  a 
reaiatanceof  15.6  ohms  per  mile,  and  that  your  relays 
have  a  resistanoe  of  150  ohms  each.  These  relays 
require  .02  ampere,  but  on  account  of  leakage  losses, 
it  is  best  to  allow  .08  ampere.  There  are  25  relays, 
hence  the  total  relay  resistance  =  25  x  150  »  8,750 
ohms.  The  line  resistance  =  120X15.5  =  1,860  ohms. 
If  you  use  gravity  cells,  the  electromotive  force  will 
be  1  volt,  and  the  internal  resistance  8  ohms  per  cell, 
if  kept  in  good  condition.   The  following  formula 

rent; «  i-  number  of  cells  joined  in  series;  e  =  elec- 
tromotive force  per  cell;  h  =  internal  resistance  per 
cell;  I  =  resistance  of  the  line:  R  =  resistance  of  all 
the  relays.  By  solving  this  for  8,  and  sabstituting 
the  values  assumed  above  for  the  various  quantities, 
w««.t.       (^(^  +  ^)        .(»X(1.8eO+ 3,750)  _ 

ity  cells.  The  values  chosen  above  are  those  in 
oommon  use.  However,  for  a  line  as  short  as  yours, 
with  so  many  stations,  you  would  get  better  results 
and  require  fewer  cells  by  using  75-ohm,  or  even 


gives  the  corrent:  C  — 


50K>hm,  relays.  The  conductivity  of  such  a  circuit 
would  be  so  much  better  that  the  leakage  losses, 
especially  in  wet  weather,  would  not  be  near  so 
troublesome.  With  75-ohm  relays,  allowing  them  a 
current  of  .068  ampere,  and  with  No.  8  B.  W.  O.  wire, 
you  would  require  only  144  gravity  cells.  (5)  The 
185  cells  should  be  divided  equally  between  the  two 
end  stations,  that  is,  pat  08  cells  at  one  end  and 92  at 
the  other,  being  careAil,  of  course,  to  get  the  two 
sets  Joined  in  the  drcuit  in  series,  and  not  opposing 
etfbh  other,  (e)  You  probably  have  4-ohm  sounders 
and  they  will  require  2  gravity  cells  at  each  station, 
or  50  cells  for  the  25  stations. 


(412)  (a)  What  is  the  ratio  of  the  resistance  offered 
by  a  drouliusing  alternating  currentto  the  resistance 
of  the  same  drcuit  using  direct  current?  (b)  In  an 
alternating-current  arc  lamp,  are  both  carbons  con- 
sumed at  the  same  rate?  If  so.  why?  (e)  Explain 
the  use  of  a  two-rate  meter,  and  also  the  diagram  of 
circuits,  (d)  Does  a  recording  wattmeter  register 
with  the  sexies  circuit  open  and  the  pressure  coil 
connected  to  the  line?  U)  I  have  a  |  H.  P.  bipolar 
10-ampere  Crocker-Wheeler  motor  that  I  wish  to 
change  to  llO  volts.  Please  give  the  necessary  wind- 
ings for  the  armatures  and  fields. 

J.  8.  G.,  Galveston,  Tex. 

Am.—ia)  No  definite  values  can  be  given  for  the 
ratio  asked  for,  as  it  depends  on  the  frequency, 
distance  apart  of  the  wires  on  the  poles,  power  factor 
of  the  load,  etc.  By  asmming  approximate  values 
for  the  above  quantities,  such  as  are  liable  to  arise  in 
practice,  a  table  of  values  may  be  obtained  that  will 
answer  for  approximate  calculations.  We  have  not 
the  spaoe  at  our  disposal  to  publish  such  a  table,  but 
you  will  find  one  in  a  small  book  entitled  '*  Altema- 
ting-Gurrent  Wiring  and  Distribution,"  by  Emmett, 
which  may  be  obtained  from  The  Technical  Supply 
Co.,  Scranton,  Pa.  (5)  Yes;  the  carbons  bum  at 
approximately  the  same  rate,  because  the  flow  of 
current  is  continually  reversing  and  is  not  always 
fh>m  the  top  to  the  bottom  carbon,  as  in  direct-cur- 
rent ares,  (e)  A  two-rate  meter  is  an  ordinary 
Thomson  recording  watt-hour  meter  provided  with 
two  dials  and  a  dock  that  is  kept  wound  by  electrical 
energy  supplied  from  the  mains.  Two  small  clutches 
are  provided  so  that  the  dock  may,  at  any  hour  for 
which  it  is  set,  throw  one  recording  dial  out  of  action 
and  the  other  into  action.  In  this  way  the  meter 
during  certain  hours  of  the  day  records  on  one  dial 
and  during  the  remaining  part  of  the  time  on  the 
other  dial.  Hence  two  dlfliorent  rates  may  be  charged, 
the  power  supplied  during  the  daytime  bdng  sup- 
plied cheaper  than  that  at  night.  As  these  meters 
are  connected  to  the  line  in  the  same  way  as  an 
ordinary  Thomson  meter,  it  is  hardly  necessary  to 
give  a  diagram  of  connections,  (d)  No;  not  if  the 
meter  is  properly  made,  (e)  We  cannot  undertake 
to  make  such  calculations.  (See  note  at  head  of 
Answers  to  Inquiries  columns. )  Besides,  in  this  case, 
the  calculations  could  not  be  made  without  complete 
dimensions  of  the  machine. 


(418)  I  have  an  Edison  dynamo  that  I  wish  to  run 
in  the  oppodte  direction.  Can  it  be  done  by  simply 
changing  the  brashes,  or  must  some  other  changes 
be  made?  D.  B.,  Moskegon,  Mich. 

Ans.— You  have  not  stated  whether  the  dynamo  is 
shunt  or  oompound  wound.  Yoa  must  first  reverse 
the  brushes  so  that  they  will  slant  in  the  opposite 
direction  from  what  they  do  at  present.  Then  re- 
verse the  connections  of  the  shunt  terminals  on  the 
headboard  of  the  dynamo.  This  is  all  that  has  to  be 
done  if  the  machine  is  plain  shunt  wound.  If  it  has 
a  compound  winding,  the  terminals  of  the  series 
coils  must  also  be  reversed.  By  changing  the  field 
connections  In  this  way  the  machine  will  generate 
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when  ran  In  the  opposite  direction,  and  the  polarity 
of  the  field  magnets  will  be  the  same  ai  before  the 
change  was  made.  Since,  however,  the  direction  of 
rotation  is  reversed,  the  polarity  of  the  bnisheQ  will 
be  opposite  to  what  it  was  before  the  change. 


[iu 


BUILDING  TRADES 


(414)  Where  can  I  procure  a  book  giving  rales  for 
figuring  and  information  concerning  lumber  and  log 
measurements  and  lumber  grading? 

W.  B.  S.,  Herman vllle,  Mich. 

Amb.— The  *' Lumberman's  Handbook,"  by  W.  B. 
Judson;  illustrated,  contains  202  pages,  giving  all  the 
information  that  you  could  possibly  require.  Price, 
cloth,  $1.26.  This  work  can  be  procured  from  The 
Technical  Supply  Co.,  Scranton,  Pa. 

••• 

(416)    (a)  Is  it  practicable  to  heat  two  small  rooms 
directly  over  the  kitchen  with  hot  water  firom  the 
range  boiler  in  the  kitchen  ?    (6)  How  are  the  pipes 
connected  between  the  boiler  and  the  radiatorsT 
R.  M.  A.,  Lai^caster,  Pa. 

Ans.— (a)  If  your  waterback  is  large  enough  and  if 
you  fire  the  kitchen  range  suflidently  during  ex- 
tremely cold  weather  to  give  you  the  proper  amount 


m^m^mm'^ 


of  heat  in  the  rooms,  it  will  be  quite  practicable  to 
connect  radiators  to  your  kitchen  boiler.  Otherwise, 
you  will  not  get  good  results,  (b)  The  accompanying 
illustration  shows  the  way  the  connections  may  be 
made  so  that  the  circulation  to  the  radiators  will  be 
Independent  of  the  water-supply  B3rstem,  and  will 
not  affect  the  distribution  of  hot  water  through  the 
building,  whether  the  radiators  are  in  operation  or 
not.  The  arrangement  shown  favors  the  distribution 
of  hot  water  to  the  plumbing  fixtures  rather  than 
circulation  to  the  radiators  in  the  room,  it  being 
supposed  that  the  heating  of  the  rooms  over  the 
kitchen  is  a  matter  that  will  come  next  to  the  require- 
ments of  hot  water  for  plumbing  purposes.  The 
circulation  to  the  right-hand  radiator  can  be  in- 
creased by  dropping  the  return  pipe  down  into  the 
kitchen  before  connecting  it  to  the  other  retura  pipe. 
We  would  advise  you  to  do  this  if  you  conveniently 


can.  There  is  a  little  liability,  in  the  arrangement 
shown,  for  the  left-hand  radiator  to  short-circuit  the 
right-hand  radiator.  The  V^  pipe  shown  Is  used  to 
counteract  this. 

(416)  The  sum  of  the  two  radii  of  an  ellipse  is  20  in. 
The  axes  of  the  ellipse  are  il  .B  and  CD.  The  lines 
E  O  and  FH  are  drawn  perpendicular  to  A  B,  to 
that  EG  =•  FH  =  8  in.  Find  the  lengUi  of  the 
equal  lines  EFtJid.  OH,  and  also  the  two  radii. 

O.  P.  N.,  Beloit,  Wis. 

Ans.— The  data  are  insufficient  to  determine  the 
radii  of  the  ellipse,  for  there  are  an  indefinite  num- 
ber of  ellipses  satisfying  all  the  given  conditions. 
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Let  a  denote  the  length  of  the  radius  0P\  then  the 
length  of  thejadius  0(2  is  20  —  a;  and  the  length  of 

2(20  — a)i/a«  — 15 
EF\m .   We  can  give  a  any  value 

greater  than  10  and  obtain  the  corresponding  lengths 
of  O  P,  0  (2,  and  EF.  For  example,  making  a  »  16, 
we  have  OP  =  16  in.,  OQ  =  61n.,and£P»  9.64  in., 
nearly. 

.% 

(417)  I  have  a  2-foot  steel  square  with  flgurea  on 
both  ndes.  The  figures  on  one  nde  are  the  same  as  in 
the  acoompanyinff  sketch.  I  do  not  anderstand 
them.    Will  you  please  explain  their  meaning  ? 

J.B.,NewYork.^.Y. 

Anb.— The  markings  on  the  plate  you  show  are 
given  to  facilitate  the  figuring  of  the  number  of  board 
feet  In  lumber,  and  can  best  be  explained  by  an 
example.  Let  it  be  required  to  find  the  number  of 
board  feet  in  a  1"  X  6"  board,  18  ft.  long.  Under  the 
12"  mark,  find  the  number  15,  and  follow  the  hori- 
sontal  space  in  which  15  Is  found,  to  the  V  mark. 
The  answer  is  then  found  to  be  6A  ft-  B.  M.    If  the 


board  is  over  1  in.  thick,  the  problem 
is  solved  in  the  same  way,  the  result 
being  multiplied  by  the  thickness  in 
inches.  If  the  length  of  the  board  is 
greater  than  any  number  under  the 
figure  if,  it  should  be  divided  into 
parts,  as  in  the  following  example: 
Required,  the  contents,  in  board  meas- 
ure, of  a  V  X  4"  plank,  28  ft.  long. 
Divide  the  length  into  two  parts,  10  ft. 
and  13  ft.  The  contents  of  a  1(K  board  is  found, 
as  before  shown,  to  be  3^  ft  B.  M.  That  of  the  18' 
board  Is  4^  ft.  B.  M.  Therefore,  the  total  contents 
(if  1  in.  thick)  U  3^  +  4^  =  7A  ft.  B.  M.,  and  as 
the  board  is  2  in.  thick,  the  contents  la  twice  7^1  or 
16iV  ft.  B.  M. 

♦*» 

(418)    (a)  What  should  be  the  sise  of  the  pieces 

composing  a  wooden  lattice  girder  as  per  acoom- 

panyins:  sketch,  Fig.  1?    How  should  it  be  con- 

structea?    The  total  load  to  be  supported  by  the 
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girder  1b  51,800  lb.  There  are  no  Intermediate  inp- 
porte.  {b)  Gire  oalculatloni,  etc.,  for  this  girder, 
(e)  What  die  brick  pien  ahonld  be  provided  at  the 
girder  ends,  the  pien  to  be  laid  in  good  cement 
mortarr  6.  N.  O.,  New  York  aty. 

Am.— (a)  Several   Important  items   have   been 
omitted.   For  Instance,  yon  have  fkiled  to  state  of 

what  kind  of 
timber  the  trass 
is  to  be  built, 
and  also  what 
depth  it  should 
be.  We  have 
aMomed  that 
the  trcus  is  to 
be  constmcted 
of  yellow  pine, 
preferably 
Georgia  yellow 
pine,  and  that 
it  to  to  bee's" 
in  depth.  The 
sise  of  the 
members  and  details  of  oonstnictlon,  allowing  a  fac- 
tor of  safety  of  abont  4,  will  then  be  as  designated  in 
Fig.  2.  The  chords  of  the  truss  are  composed  of  three 
pieces  of  timber  4"  x  12"  in  section,  (b)  The  calcu- 
latlonB  are  too  lengthy  for  consideration  In  the  in- 
quiry columns.    We  would,  however,  refer  you  for 


Fxo.1 


compressive  and  shearing  strength  of  wood.  We 
would  recommend  in  all  such  calculations  that  you 
use  "The  Building  Trades  Pocketbook,"  which  can 
be  obtained  ftom  The  Technical  Supply  Ck>.,  Scran- 
ton,  Fa.,  for  $1.50.  (e)  Considering  that  the  piers 
are  laid  in  good  Portland  cement  mortar  and  built 
of  hard-burned  brick,  the  dlmenslonB  in  Fig.  2  will 
be  adequate,  provided  the  height  of  the  pier  to  not 
over  20  ft. 

•*• 

(419)  (a)  I  have  a  drying  room  that  to  to  be  heated 
by  the  hot-blast  system,  the  air  being  drawn  over 
and  through  steam  coils  by  means  of  a  ikn  and  dis- 
charged through  galvanlsed-iron  piping  into  the 
room.  Owing  to  the  tendency  of  mv  material  to 
crack,  it  to  desirable  to  maintain  moisture  in  thto 
room  at  6M  or  659(  dally.  With  lees  than  thto  per- 
centage, I  find  that  my  material  will  crack,  and,  of 
conrse.  If  the  mototure  runs  very  much  above  thto.  I 
lose  much  in  the  time  of  drying.  Is  it  possible  for 
me  to  put  in  an  automatic  arrangement  for  con- 
trolling the  percentage  in  thto  dry  room?  I  recircu- 
late the  air  fh>m  the  room,  which  usually  contains 
a  large  amount  of  mototure,  but  at  times,  as  the 
material  becomes  dry.  the  mototure  to  insufficient  to 
keep  up  the  above  percentage,  (b)  Can  you  alao 
give  me  a  formula  for  figumig  the  percentage  of 
mototure  in  air.  using  the  dry  and  wet  bulbs,  as  I 
find  tables  giving  this  percentage  go  only  as  high  as 
100°,  and  I  should  like  to  figure  tnto  percentage  as 
high  as  2I00P  or  250^.    I  also  have  a  steam  pipe  with 
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methods  of  calculating  the  stresses  In  the  mem- 
bers to  an  article  entitled,  "Mechanics  of  Carpen- 
try, "  appearing  in  the  November,  1899,  and  the  March, 
1900,  issue  of  SaxNCB  ^nd  Industry.  Thto  article 
deals  with  the  Howe  truss,  and  In  figuring  the 
stresses  in  the  lattice  girder  it  to  necessary  to  omit  the 
counters.  By  ooufderi^  we  mean  the  diagonal  mem- 
bers extending  from  the  bottom  chord  upward  to 
the  left.  Fig.  2.  These  counters  are  only  necessary 
under  a  moving  load,  but  as  they  add  great  stlffhess 
to  the  truss,  even  under  a  statical  load.  It  would 
be  well  to  use  them.  Omitting  these  members,  you 
will  notice  that  the  structural  features  of  the  truss 
are  the  same  as  in  the  one  with  which  the  article 
deals.  Having  the  stresses,  you  can  readily  calcu- 
late the  dimensions  of  the  members  from  the  usual 
tables  giving  the  tensile  strength  of  iron  and  the 


small  holes  in  it,  between  the  heater  and  fan,  from 
which  I  can  blow  steam  into  the  air  chamber, 
allowing  the  air  to  become  saturated,  but  this 
method,  of  course,  requires  the  constant  care  of  one 
man  to  control  it.  C.  E.  C,  Yonkers,  N.  Y. 

Ans.— (a)  We  do  not  know  of  any  arrangement 
for  automatically  controlling  the  humidity  of  the 
air  in  your  drying  room.  If  any  of  our  experienced 
readers  know  of  such  a  contrivance,  we  will  be 
pleased  to  hear  from  them.  (6)  We  might  give  you 
a  formula  to  compute  the  humidity  of  your  drying 
room  at  high  temperatures,  but  we  consider  it  more 
beneficial  to  you  if  you  purchase  a  "Huddleston 
Hygrophant"  from  B.  F.  Sturtevant  Co.,  Boston, 
Mass.  This  instrument  to  especially  designed  for 
high  temperatures,  and  appears  to  be  just  what  you 
require.  Full  instructions  will  be  sent  with  the 
hygrophant. 
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(420)  (a)  £xpl«in  the  method  of  fl^fnrliig  the  lise 
of  Deem  required  to  rapport  the  tank  ihowii  In  the 
aeoompanylzig  sketoh,  Fig.  1.  {b)  Are  templets 
required  under  the  endi  of  the  beams  T 

G.  M.  CE.,  New  York. 

AN8.~(a)  First  figure  the  bending  moment  in  inch- 
pounds  on  the  beam,  which  is  obtained  for  a  single 
oonoentrated  load  at  any  location  from  the  formula 

Jf  =  -^~;   In  this  formula,  M  »  bending  moment 

in  inch-pounds;  x  »•  distance  in  inches  the  load  is 
located  from  one  rap- 

te'Snctt  ^all  in  ctmmnt  mortar     port  Of  the  beam;  V  = 

distance  in  inches  the 
load  is  located  from 
the  other  rapport  of 
the  beam;  to  »  load  on 
beam  in  pounds;  I  » 
span  of  beam  in  inches. 
Haying  the  bending 
moment,  or  If,  on  the 
beam,  it  is  necessary 
to  determine  the  re- 
sisting moment,  or  Ifi, 
of  the  beam  section;  because,  in  order  that  any 
beam  shall  be  rafflciently  strong  to  sustain  its 
load,  the  equation  if  —  Ifi  must  be  true.  This  re- 
sisting moment  Ifi  »  QS,  Q  being  the  section  modu- 
lus of  the  beam  section  and  5  the  safe  unit  fiber 
stress  of  the  material.  The  value  of  Q.  or  the  section 
modulus  of  a  rolled-steel  I  beam  can  best  be  found 
from  the  tables,  uraally  headed  "  Fropertlesof  BoUed- 
Steel  Sections,"  which  are  to  be  found  in  the  hand- 
books published  by  the  various  steel  mills  through- 
out the  country,  or  in  **  The  Building  Trades  Pocket- 
book"  (see  advertisement  in  this  magaxine).  If 
rach  tables  are  not  handy,  this  value  Q  for  an  I 
beam  can  be  approximated,  though  not  closely,  by 

the  formula  Q  =  j^.    Here  A  =  area  of  the  beam 

section  in  square  inches;  d  =  depth  of  beam  in 
inches.  Since  often  only  the  weight  and  depth  of 
the  beam  are  known,  the  sectional  area  of  the  beam 
can  always  be  ascertained  by  dividing  the  weight 
per  foot  of  the  beam  by  8.89.  The  safe  unit  fiber 
stress,  or  5,  for  structural  steel  in  buildings,  is 
usually  considered  at  15,000.  From  the  above  infor- 
mation, the  calculation  of  the  beam  required  In  the 


Ad 
8.2' 


the  section  modulus  is  fbond  to  equal 


Fig.  2 


Fig.  8 


or  6,000  lb.    Hence,  M  -■ 


arrangement  as  shown  in  Fig.  2  can  be  made  as 
follows:  The  load  on  the  outside  beam  equals  2|  tons, 
xyto  ^  90  X  90  X  5.000  _ 
I  180  ~ 

225,000  in.-lb.  Since  M  =>  Mi,  and  ifi  «  QS,  225,000 
must  equal  QS.  As  5  is  known  to  be  15,000,  Q must 
equal  225,000  + 15,000  =  15,  which  is  the  section 
modulus  required  in  the  longer  beam.  In  order  to 
avoid  excessive  defiection,  the  depth  of  an  I  beam  In 
inches  should  usually  never  be  less  than  one-half  its 
span  in  feet.  In  this  case,  a  beam  8  in.  in  depth  and 
weighing  22  lb.  per  ft.  will  be  {assumed.  The  area 
of  this  beam  is  6.4  sq.  in.,  and  from  the  formula 


—  16.   This  beam,  as  will  be  obaerred,  is 


6.4X8 

8.2 

somewhat  in  excess  of  the  strength  required,  bat  it 
is  dose  enough  to  be  eoonomlcaL  The  same  alae  of 
beam  can  housed  in  the  azrangement  shown  in  Fig.  S. 
(5)  It  would  be  better  to  use  bluestone  templets,  say 
8  in.  wide  X  12  in.  long  X  6  in.  thick,  though  if  the 
wall  is  laid  in  good  cement  mortar  they  are  hardly 
necessary. 


MISCELLANEOUS 


^  (421)  I  frequently  have  occasion  to  measure  black 
oil  in  iron  drums  that  have  bung  holes  in  the  side  of 
the  drum.  I  want  to  make  a  measure  similar  to  a 
yardstick,  so  that  when  it  is  let  down  into  the  drum 
and  withdrawn  the  indication  marks  on  the  measur- 
ing rod  will  show  the  quantity  of  oil  in  gallons  in 
the  drum.  The  drums  are  round  and  measure  about 
8  in.  in  diameter  and  are  44  in.  long.  Please  give  a 
rule  for  finding  the  quantity  of  oil  in  the  drums  at 
diflRsrent  heights.  H.  A.  P.,  Mt.  Pleasant,  Tex. 

Ams.— It  is  not  dear  to  us  whether  the  drama  rest 
on  their  sides  or  ends;  but  we  asrame  the  former  to 
be  the  case.  Let  D  be  the  diameter  of  tank;  2,  its 
length;  and  A,  the  depth  of  liquid  in  it.  Then,  to 
find  the  number  of  gal- 
lons for  each  inch  in 
depth,  multiply  the 
cross  sectional  area,  in 
square  inches,  of  the 
liquid  (the  shaded  por- 
tion in  diagram)  by 
the  length  in  inches, 
and  divide  the  product 
by  281.  The  crosMeo- 
tional  area  a  may  be 
found  by  the  following 

doady  approximate  formula:   a  »  ~-  \/^  —  .608. 

Assume  A  »•  1  in.,  2  in.,  8]  in.,  etc,  and  find  the  cor- 
responding values  of  a  in  square  inches.  Multiply 
each  value  of  a  by  2  in  inches,  and  divide  by  281. 
Each  result  will  be  the  number  of  gallons  for  the 
given  depth  of  Uquid.  If  the  depth  Is  greater  than 
half  the  diameter  of  the  tank,  the  hdght  h*  and  its 
corresponding  area  should  be  found,  and  the  latter 
result  dedttcted  from  the  area  of  the  circular  end, 
before  multiplying  by  2,  etc.  Having  found  the 
capadty  corresponding  to  each  Inch  in  depth,  mark 
it  on  the  rod,  or  make  a  table. 

(422)  (a)  How  can  I  convert  small  scraps  of 
platinum  to  a  platinic-chlorlde  solution  used  in 
photography  for  toning?  (5)  How  can  I  recover  the 
gold  from  old  gold-chloride  toning  bathsT 

W.  R.  J.,  Boasland,  B.  C. 

Ans.— (a)  The  scraps  of  platinum  to  be  reduced 
must  first  be  cleansed  thoroughly  and  cleared  of  all 
impurities  by  boiling  in  a  dilute  solution  of  nitric 
add.  They  should  then  be  rinsed  thoroughly  in 
warm  water  and  dissolved  in  aqua  regia.  This  con- 
sists of  a  mixture  of  from  2  to  4  parts  nltxlc  add  and 
1  part  of  muriatic  or  hydrochloric  add  and  is  the 
only  solution  that  will  dissolve  gold  and  platinum. 
When  the  scraps  are  thoroughly  dissolved  in  this, 
the  solution  should  be  boiled  down  and  finally 
slowly  evaporated  over  a  water  bath.  A  most  con- 
venient way  of  doing  this  is  to  place  the  solutioD  of 
platinum  scraps  In  a  Florence  flask  and  suspend  the 
latter  in  a  beaker  of  water  under  which  an  alcohol 
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Ump  bama,  m  ihowii  in  the  illostration.  While  the 
■olntion  is  ilowly  eyaporating,  imall  quantities 
of  hydrochloric  acid  shonld  be  added  from  time  to 
time,  and  then  the  whole  allowed  to  eyaporate 
to  dryness.  The  residue  will  be  platinic  chloride. 
(b)  The  reduction  of  metallic  gold  fh>m  old  toning 
baths  is  a  much  simpler  process,  and  may  be  accom- 
plished by  pouring  Into  the  gold  solution  a  saturated 


4  Af*  +  AAd^, 
equation  iAS^ 


At  4  r  =  4  AR^,    we   have   the 
=  4  Ar*  -\-  4  -id",  from  which  R  — 


solution  of  sulphate  of  iron,  which  will  precipitate 
the  gold  in  a  metallic  form,  and  it  may  then  be 
recoyered  by  pouring  the  solution  through  iilter 
paper  and  drytog  the  residue.  If  the  gold  bath  is 
muddy,  It  should  be  filtered  before  the  sulphate  of 
iron  is  added,  in  order  to  remoye  all  foreign  matter. 
Having  thus  precipitated  the  metallic  gold  fh>m  the 
solution,  it  may  be  dlssolyed  in  aqua  regla  and 
treated  in  the  same  manner  as  the  platinum,  to 
reduce  it  to  gold  chloride.  Owing  to  the  nicety 
required  in  performing  these  chemical  operations, 
it  will  usually  be  found  more  economical  to  sell  the 
gold  and  platinum  scraps  to  a  Jeweler  and  inyest 
the  prooeeda  in  the  ready  prepared  salts. 


(428)    (a)  Where  R  »  radius  of  gyratl( 
entire  section  of  the  form  shown  in  the  ao 


ion  of  an 


ing  sketch,  r  »  radius  of  gyration  of  a  single  angl 
-w— . ._.^ ,. . •^,  and(r» 


aceompany- 

^  .  single  angle 

about  an  axis  through  its  center  of  grayity.  and  a^ 
the  half  width  of  column  minus  the  distance  firom 
outside  of  angle  to  neutral  axis  of  same,  can  the 
formula  JS  =»  v^r*  +  d"  be  applied  to  a  square  column 
of  any  sixe  haying  any  sise  of  angles  with  equal 
legs?  (b)  Please  glye  the  deriyation  of  the  formula. 
E.  B.  T.,  St.  Augustine.  Fla. 
Amb.— (a)  Tes.  (b)  This  formula  depends  on  the 
principle  that  the  moment  qf  inertia  qf  a  plane  tectUm 
ciwui  an  axis  not  through  Us  center  qf  gravity  it  equal 
to  its  moment  qf  Inertia  about  a  parallel  axis  through  its 
center  qf  gravity  plus  the  product  obtained  by  multiplying 
thearea  qfthe  section  by  the  square  qf  the  distance  between 
the  two  axes.  Let  A  denote  the  sectional  area  of  any 
one  of  the  four  equal  anglte;  let  /denote  Its  moment 
of  inertia  about  the  axis  through  its  center  of  grayity 
(neutral  axis);  let  F  de- 
note its  moment  of  inertia 
about  the  parallel  axis 
through  the  center  of 
grayity  of  the  entire  sec- 
tion; and  let  d  denote  the 
distance  between  these 
two  axes.  For  a  symmet- 
rical section,  dhas  a  yalue 
SB  stated  aboye.  The  prin- 
ciple Just  stated  enables 
us  to  write  for  each  angle  section  the  equation 
r  »  J-it  A^,  and  as  J  —  il  r*.  this  can  be  written 
P  =  il  r*  -f-  il  d*.  This  being  the  same  for  each 
angle,  we  can  write  for  the  entire  section,  4  r  = 


.!|    eyiMff/^.  jjj. 

ill  11^ 


(424)  What  is  the  best  smoke- consuming  deylce 
to  be  applied  to  boilers  using  soft  coal  ? 

W.  F.  G.,  Springfield,  Mass. 
Aks.— Under  the  conditions  existing  in  the  furnace 
of  a  boiler,  smoke  once  formed  cannot  be  consumed. 
From  this  you  can  Judge  yourself  of  the  merits  of  a 
deyioe  sold  as  a  "smoke  consumer."  It  is  entirely 
feasible  to  so  construct  a  fbmace  that  the  formation 
of  black  smoke  will  be  preyented  to  a  large  extent. 
There  are  quite  a  number  of  patented  furnace  con- 
structions that,  when  intelligently  handled,  will  giye 
quite  satisfactory  results.  Obylously,  we  cannot 
recommend  one  of  these  to  the  exclusion  of  the 
others.  Many  engineers  belioye  that  skilftil  firing 
will  accomplish  more  than  any  special  fbmace  con- 
struction. We  expect  to  publish  an  article  on 
smoke  preyention  in  the  near  future. 

.'• 

(425)  I  wish  to  place  a  kitchen-range  boiler  in  a 
horlaontal  position  about  U  ft-  higher  than  the 
range.  Will  it  work  as  well  this  way  as  in  the  usual 
upiliBrht  position  ?  B.  C.  D.,  Cherryfleld,  Me. 

Ana.— It  will  work  satisfactorily  if  you  connect  it 
up  right  Boilers  are  made  especially  for  horizontal 
connections,  but  an  ordinary  upright  boiler  can  be 
turned  oyer  and  connected  in  a  horlsontal  position 
Just  as  well.  The  accompanying  illustratloii  shows 
how  It  may  be  done.  The  service  pipe  fhmi  the 
street  is  shown  at  a;  a  branch  is  taken  olT  to  supply 
cold  water  to  the  boiler,  a  stop-cock  being  placed  on 
It  at  b.   Gold  water  flows  through  this  branch  and  is 


directed  to  the  bottom  of  the  boiler  by  a  bent  tube 
inside,  shown  by  dotted  lines.  Hot  water  is  dis- 
tributed to  the  fixtures  by  the  pipe  c,  a  bent  tube 
being  used  inside  the  boiler  to  draw  the  water  from 
the  top.  If  this  tube  is  not  put  in  the  upper  part, 
the  boiler  will  become  filled  with  compressed  air 
instead  of  hot  water.  The  pipe  d  connects  the  side 
tapping  of  the  boiler  to  the  lowest  tapping  in  the 
water  front,  or  water  heater,  a  sediment  cock  being 
placed  in  the  lowest  point  to  drain  the  apparatus 
when  necessary.  The  pipe  e  connects  the  highest 
opening  of  the  water  firont  to  the  highest  opening  in 
the  head  of  the  boiler.  The  arrows  show  the  direc- 
tion of  the  circulation  of  the  water.  The  boiler 
supports  are  not  shown;  these  will  depend  on  the 
character  of  the  surroundings  and  existing  condi- 
tions. It  is  customary  to  rest  the  boiler  on  brackets 
bolted  to  the  top  of  the  range. 
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(426)  A  aqnare  piece  of  paper  cat  m  In  Fig.  1 
liM  an  area  1  sg.  in.  greater  when  the  pieces  are 
arranged  ai  In  Fig.  2.;  whj  ii  this? 

L.  A.  Bridgeport,  Conn. 
Anb.— It  is  reallj  painfQl  to  reoeive  a  question  of 
this  kind,  since  any  one  can  satisfy  himself  of  its 
falsity  by  attempting  to 

-  <y' '\       fit  the  pieces  together 

as  required,  or  by  at- 
tempting to  draw  Fig.  2 
from  the  dimensions 
giyen  in  Fig.  1.  The 
latter  is  the  better  way, 
and,  if  the  drawing  is 
made  fhll  size,  the  gap 
shown  in  Fig.  2  along 
the  diagonal  ab  will 
be  so  large  as  to  oon- 
vinoe  any  one  that  the 
pieces  will  not  fit  as 
shown.  That  the  area 
of  the  opening  is  1  sq. 
in.  may  be  calculated  in  a  number  of  ways,  one 
of  which  is  as  follows:  The  figure  ad  be  is  a 
parallelogram,  ad  being  parallel  to  eb  and  ae 
parallel  to  db;  hence,  its  area  =  dbXee,  ee  being 
perpendicular  to  db.  To  find  e e,  we  must  know  the 
angle  ebe,  which  equals  the  dlflference  between  the 
sum  of  the  angles  dbf  and  ebg  and  90^.  Tan  dbf 
-  8  -^  8  -  .876;  hence,  d  6  r  -  20©  88'  21.766«". 
Tan  ebg  «=  6-*-2  —  2.5;  hence,  cbg  =  GBP  IV 
64.9296".  Angle  «6c  90P  -  (20o 88' 21.7666"  +  68^ 
54.9296")  =  1°  14' 48.3048".  Length  of  c6  -  i/2«-|-5« 
»  5.886165.     Gonsequently,   ce  -  e  6  X  sin  lo  14' 


Fxe.l 


FIG.  2 

43.8048^-- 6.385166  X  .02173896  «>  .1170410.  Since  db 
-  |/8>  +  8>  »  8.644004,  area  of  parallelogram  » 
8.644004  X  .1170410  =  .9999968  sq.  in.,  or  1  sq.  In.,  cor- 
rect to  6  figures. 

.•• 

(427)  Where  can  I  get  a  book  on  the  splicing  and 
handling  of  ropes?  W.  E.  Q.,  Scranton,  Pa. 

Amb.— The  Technical  Supply  Go.,  Wyoming  Avenue, 
Scranton,  Pa.,  can  ftimish  "  Knots,  Splices,  Hitches, 
Bends,  and  Lashings,"  by  F.  R.  Brainard;  price  81. 

.% 

(428)  How  is  the  sin.  cos,  tan,  and  cotan  of  any 
angle,  say  56°  43'  17",  found  by  the  use  of  logarithms  ? 

O.  O.  D.,  Massena,  N.  Y. 
Aks.— The  ftmctions  of  an  angle— sin,  cos,  etc.— 
cannot  be  found  directly  from  a  table  of  logarithms; 
they  are  given  in  tables  having  much  the  same 
form  as  tables  of  logarithms.  These  tables  give  the 
values  of  the  different  ftmctions  for  each  degree, 
and  usually  for  each  minute.    The  values  for  seconds 


must  usually  be  obtained  by  a  system  of  interpola- 
tion. For  convenience  In  calculations  In  which 
logarithms  are  used,  tables  giving  the  logarithms 
of  the  ftmctions  have  been  prepared.  The  tables 
giving  the  ftmctions  themselves  are  called  **  tables 
of  natural  ftmctions";  those  giving  the  logarithms 
are  called  "tables  of  logarithmic  ftmctions." 


(429)  A  certain  king  ordered  his  Jeweler  to  make 
him  a  crown  of  gold  weighing  68  os.;  the  jeweler 
attempted  f^aud  by  substituting  a  portion  of  silver, 
but  the  king  suspecting  f^aud,  requested  Archimedes 
to  examine  the  crown.  Putting  it  into  water,  he 
found  that  it  displaced  8.2246  cu.  in.  of  water,  and, 
having  found  that  an  inch  of  gold  weighs  10.86  oc. 
and  an  inch  of  silver  6.85  oz.,  Archimedes  diaooTered 
the  part  of  the  king's  gold  that  had  been  stolen.  Re- 
port the  process  and  give  the  result. 

A.  C,  Bamett's  Creek,  Ky. 

Aks.— The  process  that  Archimedes  followed  la  not 
known,  and  the  accounts  of  this  incident  that  liave 
come  down  to  us  vary  much.  The  problem  as  steted 
above  is  solved  at  the  present  time  in  the  fbllovftaig 
manner:  Volume  of  the  crown  «  8.2246  co.  In.; 
therefore  the  weight  per  cu.  In.  of  the  alloy  naed  In 
the  crown  =  68 -t- 8.2246  =  7.66  oa.,  nearly.  The 
excess  of  weight  of  a  cu.  in.  of  gold  over  the  weight 
of  a  cu.  in.  of  alloy  —  10.86  —  7.66  =>  2.7  os.,  and 
the  excess  of  weight  of  a  ou.  in  of  alloy  over  the 
weight  of  a  cu.  In.  of  sUver  «  7.66  —  6.85  =  1.81  oz. 
Then,  by  alligation,  a  mixture  of  2.7  parts  of  sllTer 
and  1.81  parts  of  gold  will  weigh  the  same  per  cu.  In. 
as  the  alloy  used  in  the  crown.  That  is,  out  of  every 
4.61(=  2.7 +  1.81)  parts,  2.7  parts  are  to  be  sUver  and 

1.81  parts  are  to  be  gold.   Therefore,  p^  of  8.2246  >» 

4.61 

numberof  CU.  in.  of  sUver  used  in  the  crown,  =  4.9288; 

1  81 
and  T^^  of  8.2246  =>  numberof  ou.  in.  of  gold  med  ^ 

8.8007.  Had  the  crown  been  made  of  gold,  it  would 
have  had  a  volume  of  6.0611  (=  68  -h  10.86)  ou.  in. 
The  gold  stolen  was  6.0611  —  8.8008  »  2.7802  ca.  in., 
which  is  nearly  46  per  cent  of  the  gold  that  was  to 
have  been  put  in  the  crown.  The  student  will 
understand  the  above  problem  much  better  if  he 
will  read  the  article  entitled  *'Rule  for  Mixtures" 
in  Home  Study  Magazine,  for  March,  1896. 


(430)  (a)  About  what  are  the  wages  of  a  practical 
mechanlcsl  draftsman?  (6)  Is  there  a  union  or  asso- 
ciation of  mechanical  draftsmen?  If  so,  please  give 
address  of  secretary,  (c)  Is  there  a  paper  of  any 
kind  published  in  the  interest  of  mechanical  drafts> 
men  ?  J.  M..  Ridgevllle,  111. 

Ans.— (a)  We  do  not  know  Just  what  you  mean  by 
the  term '  *  practical  *'  as  applied  to  mechanical  drafts- 
men. The  pay  of  draftsmen  ranges  tnan.  $40  to  t60 
per  month  for  men  who  depend  mostly  on  others  for 
the  general  plans  and  caldklatlons  pertaining  to  the 
work  being  done.  For  men  who  can  design  new 
work,  the  pay  runs  up  to  82,000  per  year  and  more. 
(6)  We  do  not  know  of  any.  An  attempt  to  form 
such  an  association  was  made  some  time  ago,  but  we 
do  not  know  that  it  was  successftil.  (c)  There  is  no 
paper  devoted  especially  to  the  interests  of  drafts- 
men. Nearly  all  mechanical  and  engineering  papers 
however,  have  articles  ftom  ti|ne  to  time  dealing 
with  subjects  in  which  they  are  interested. 
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PUBLIC  SUPPLIES  OF  ENERGY 


Alton  D.  Adama 


A  CouPAsmoN   OF  Stbaic,  Gab,  and  ELEcriucrrY  as   Soubcbb  of  Enkbot  fob  Light, 

Heat,  and  Powkb 


THE  pnblic  demands  light,  heat,  and 
power.  These  demands  are  met 
largely  by  the  development  of  eneigy 
in  apparatos  on  the  premises  of  consumers, 
bat  partly  by  distribntion  from  public 
plants  and  stations.  Originally,  all  neces- 
sary energy  was  generated  at  the  points 
of  use.  General  supply  systems  have  now 
displaced  isolated  equipments  to  some  extent, 
through  the  offer  of  cheaper  or  more  satis- 
£ftctory  service.  Of  the  total  amount  of 
light,  heat,  and  power  consumed  in  centers 
of  population,  it  may  safely  be  said  that 
only  a  small  percentage  is  as  yet  derived 
from  public  plants.  The  larger  part  of  the 
eneigy  now  drawn  from  general  distribution 
systems  is  used  for  lighting,  a  smaller 
portion  for  mechanical  work,  and  a  com- 
paratively unimportant  amount  for  heating 
purposes.  On  the  other  hand,  the  actuid 
consumption  of  eneigy  for  heating  and 
power  is  far  in  excess  of  that  necessary  for 
illumination.  The  latent  energy  of  gas 
most  be  developed  as  heat  on  the  con- 
sumer's premises  before  its  application  to 
Ulumination  or  mechanical  work. 

The  first  step  in  the  production  of  elec- 
tric eneigy  at  central  stations  is  the  com- 
bustion of  fhel  in  the  boiler  furnace.  At 
first  it  seems  curious  that  heat,  the  form 
of  eneigy  that  must  necessarily  be  produced 
in  the  development  of  light  or  power  from 
fuel,  and  that  of  which  the  largest  quantity 
18  required,  should  be  least  important  in 
systems  of  distribution.  A  little  consider- 
ation, however,  is  sufficient  to  discover  the 
reasons  for  these  conditions.  In  the  first 
place,  heat,  being  directly  produced  by  the 
combustion  of  cheap  fucds,  is  generated 
on  the  consumer's  premises  at  a  compara- 
tively small  expense.  If  light  is  wanted, 
mther  a  fhel  much  more  costly  than  coal 


or  wood  must  be  employed,  or  recourse 
had  to  the  public  supply  of  gas  or  elec- 
tricity. Another  fiEu;tor  that  favors  the  dis- 
tribution of  energy  for  illumination  is  the 
superiority  of  gas  or  electric  light  over 
candles  and  oil  lamps.  The  private  indi- 
vidual can  develop  heat  at  two  to  four  times 
its  cost  per  unit  at  central  stations,  but 
in  the  production  of  light  of  the  best 
quality  he  is  at  a  much  greater  disadvan- 
tage. Consumers  are  therefore  prepared  to 
pay  a  rate  for  energy  used  in  illumination 
that  they  will  not  pay  for  heating  energy. 
Gas  and  electricity  are  very  convenient  for 
heating  purposes,  but  the  former  can  attain 
only  a  moderate  and  the  latter  a  minute 
success  for  general  wanning.  Aside  from 
the  heavy  fixed  expenses  and  labor  charges 
incident  to  the  supply  of  gas  and  electricity 
from  public  plants,  the  low  efficiency  of 
such  systems  is  sufficient  to  prohibit  their 
general  use  for  heating  purposes.  Co$l  is 
the  source  of  eneigy  to  which  as  a  usual 
thing  both  the  private  consumer  and  the 
central  station  must  ultimately  resort  So 
long,  therefore,  as  public  plants  are  able 
to  deliver  to  their  patrons  a  decidedly 
smaller  part  of  the  energy  of  coal  than  may 
readily  be  obtained  from  isolated  equip- 
ments, the  general  distribution  of  heat  is 
at  a  disadvantage.  Distribution  systems 
that  supply  only  a  small  part  of  the  eneigy 
of  coal,  whatever  its  use,  must  evidently 
obtain  a  comparatively  high  price  per  unit 
sold.  An  increase  in  the  percentage  of 
fhel  energy  that  central  stations  are  able 
to  supply  to  consumers  should  consequently 
tend  to  reduce  the  rate  for  the  entire  output. 
On  the  other  hand,  if  a  public  plant,  that 
already  distributes  a  very  large  part  of  the 
fuel  energy  at  a  certain  rate  per  unit,  is  in 
a  position  to  supply  a  part  of  its  output 
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in  a  differant  form,  which  conuDandB  a 
much  higher  price,  it  is  an  obvioas  advan- 
tage to  do  80. 

The  bearing  of  these  condderationa  on 
present  practice  is  to  be  found  by  an 
examination  of  several  methods  of  eneigy 
distribution.  Public  plants  now  commonly 
distribute  energy  in  three  ways:  by  steam, 
gas,  and  electricity.  Oentral  steam  plants 
for  general  heating,  if  equipped  with  the 
best  dass  of  boilers,  may  deliver  75  per  cent 
of  the  fuel  energy  to  the  distribution  pipes. 
Allowing  a  moderate  loss  by  radiation  and 
conduction,  05  per  cent  of  the  heating 
power  of  coal  is  available  at  the  consumer's 
premises.  Gas  plants  differ  as'  to  their 
kind,  in  the  ratio  between  the  energy  of 
the  gas  produced  and  that  of  the  coal 
consumed.  Coal  gas  proper,  or  that  derived 
from  soft  coal  by  distillation  in  closed  retorts, 
contains  25  per  cent  of  the  energy  of  its 
coal.  There  are  other  products  of  the  dis- 
tillation, however,  that  are  of  considerable 
value.  Pure  water  gas,  or  that  derived 
entirely  from  hard  coal  or  coke,  retains 
40  per  cent  of  the  heating  power  of  these 
fuels,  but  they  are  entirely  consumed  in  the 
process.  Goal  gas  in  many  cases,  and  water 
gas  in  almost  all  cases,  is  enriched  by  the 
use  of  petroleum,  but  this  treatment  can 
change  in  only  a  dight  degree  the  efficiency 
of  the  product  as  to  coal.  Electricity  is  less 
effective  than  either  steam  or  gas,  as  to 
the  portion  of  fhel  eneigy  that  it  can  be 
made  to  transmit  The  lack  of  efficiency  is 
not  inherent  in  the  electric  system,  but  in 
the  steam  equipment  that  must  be  used 
to  drive  it  Allowing  boiler  plant,  engines, 
electric  generators,  and  circuits  to  have 
efficiencies  of  80,  15,  90,  and  95  per  cent, 
respectively,  which  is  more  than  they  will 
average  in  the  best  class  of  stations,  the 
consumer  can  receive  about  10  per  cent  of 
the  fuel  energy.  The  efficiency  of  central- 
station  supply  thus  varies  from  approxi- 
mately 65  per  cent  for  steam  to  40  per  cent 
for  gas  and  10  per  cent  for  electric  eneigy, 
taking  the  heating  power  of  coal  as  a  basis. 
Each  of  these  forms  of  distribution  exists 
because  of  its  special  fitness  for  certain 
purposes,  and  neither  alone  can  hope  to 
supply  the  greater  part  of  the  required 
energy  at  any  center  of  population. 

Heating  stations  are  operated  in  a  number 
of  cities  for  the  sole  purpose  of  steam  dis- 
tribution. By  the  great  majority  of  con- 
sumers steam  can  be  used  only  for  heating 
purposes,  as  machinery  is  necessary  to  make 
possible  the  production  of  light  as  well  as  of 


power.  The  public  demand  for  steam  is 
very  much  greater  as  to  general  warming 
than  for  cooking  and  industrial  operations, 
consequentiy  a  very  large  part  of  the 
capacity  of  a  central  heating  plant  must 
remain  idle  during  one-half  of  the  year. 
The  limited  period  during  which  public 
heating  stations  can  earn  a  satisfactory 
return  on  their  large  investments,  and  the 
fiEMst  that  their  form  of  energy  is  the  one 
most  easily  generated  by  consumers,  con- 
stitute a  serious  check  to  the  extension 
of  such  plants. 

Gas  is  available  for  both  heat  and  light 
without  the  intervention  of  machinery,  and 
consequentiy  has  a  much  wider  field  of 
application  than  central-station  systems  of 
steam  heating.  At  the  rates  conmi'only 
charged  for  each,  gas  is  somewhat  cheaper 
for  illuminating  purposes  than  electric 
eneigy,  and  it  must  continue  to  be  largely 
so  used  unless  the  rates  for  electricity  are 
materially  reduced.  Gas  is  already  exten- 
sively used  for  cooking  and  for  heating  in 
industrial  operations,  and  also  to  a  small 
extent  for  general  wanning.  So  long  as 
rates  at  all  like  the  present  are  charged  for 
gas,  however,  it  will  be  unable  to  seriously 
compete  either  with  distributed  steam  or 
house  fires  for  general  warming. 

Electric  eneigy,  representing  only  10  per 
cent  of  the  heating  power  of  fuel,  obviously 
has  a  poor  start  in  the  competition  for 
public  heating,  and  the  large  element  of 
fixed  charges  included  in  its  cost  per  unit  is 
a  further  disadvantage.  As  long  as  electri- 
cal machinery  depends  on  the  steam  engine 
for  motive  power,  there  is  no  probability 
that  electric  heat  can  find  any  extended 
application  for  general  warming. 

How  littie  adapted  to  the  heating  of  build- 
ings are  gas  and  electricity  at  current  rates 
may  be  seen  by  a  comparison  with  coal  as 
to  cost.  At  five  dollars  per  ton  f(»r  hard 
coal,  one  dollar  pays  for  400  pounds.  On 
perfect  combustion  such  coal  may  fiurly  be 
assumed  to  yield  13,000  heat  units  "per 
pound,  so  that  the  total  possible  heat  from 
the  400  pounds  is  5,200,000  units.  Taking 
the  lowest  common  rate  for  gas,  that  is,  one 
dollar  per  1,000  cubic  feet,  and  the  average 
heating  power  of  illuminating  gas  at  650 
units  per  cubic  foot,  the  heat  that  may  be 
obtained  for  one  dollar  is  650,000  units,  if 
the  gas  is  perfectiy  burned.  A  low  general 
price  for  electric  energy  is  10  cents  per 
kilowatt  hour,  or  1,000  wattrhours  for  one 
dollar.  The  heat  equivalent  of  10,000  watt- 
hours  is  34,120  units  of  heit    Comparing 
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theee  flgnres  for  TnaYiTnnm  heating  effecfar, 
it  appean  that  one  dollar  inyested  in  ooal  at 
five  dollars  per  ton  yields  eight  times  the 
heat  that  may  be  had  firom  a  like  purchase 
of  gas  at  one  dollar  per  thousand  cubic  feet, 
and  more  than  one  hundred  and  fifty  times 
the  electric  equiyalent  of  heat  that  may  be 
secured  for  one  dollar,  at  the  rate  of  10 
cents  per  kilowatt  hour. 

The  possible  heating  power  of  ooal,  gas, 
and  electric  energy,  as  just  given,  is  not  an 
exact  index  to  their  relative  practical  values. 
All  of  the  heat  that  may  be  generated  by 
the  i>erfect  combustion  of  coal  can  never  be 
usefuUy  applied,  but  a  part  must  always 
be  lost.  The  best  boilers  absorb  about 
80  per  cent  of  the  total  heat  energy  of 
coal,  while  ordinary  boilers  and  stoves,  such 
as  are  used  in  many  business  blocks  and 
residences,  do  not  have  an  efficiency  of 
more  than  60  per  cent  Gras  can  usually 
be  burned  with  more  nearly  perfect  com- 
bustion than  coal,  and  electric  heaters  for 
general  warming  have  an  efficiency  of  100 
per  c^t  Making  due  allowance  for  these 
different  advantages  in  application,  gas  and 
electricity  still  remain  much  too  expensive 
for  purposes  of  general  heating.  So  far, 
public  supplies  of  gas  and  electricity  seem 
suited  only  to  the  distribution  of  light  and 
motive  power.  Central  steam-heating  plants 
are  able  to  supply  consumers  with  a  large 
percentage  of  fuel  energy  at  a  rate  much 
below  that  for  an  equivalent  service  with 
gas  or  electricity,  but  still  too  high  to 
encourage  great  extensions  of  such  plants. 
It  has  thus  grown  common  for  residences 


and  mercantile  buildings  to  be  lighted  from 
central  stations,  while  they  are  heated  in 
the  great  majority  of  cases  with  local  stoves 
or  heaters.  In  a  large  and  growing  dass 
of  buildings,  however,  light,  heat,  and  power 
are  all  generated  on  the  premises,  and  it  is 
from  such  cases  that  an  important  lesson 
may  be  drawn  for  central  stations.  An 
isolated  steam  and  electric  plant  of  moderate 
capacity,  with  equipment  of  decidedly  lower  . 
efficiency  than  that  used  at  central  stations, 
will  supply  light  and  power  in  a  building 
cheaper  than  it  can  be  had  from  gas  or  elec- 
tric service,  and  heat  at  a  lower  rate  than 
the  public  heating  system. 

The  isolated  plant  bums  two  or  three 
times  the  coal  per  horsepower  hour  that  is 
consumed  in  the  central  station,  but  during 
nearly  one-half  of  each  year  the  exhaust  of 
engines  at  the  isolated  plant  goes  into 
the  heating  system.  Exhaust  steam  at  the 
central  station  may  be  used  in  a  condenser, 
but  even  then  the  condensing  water  carries 
away  70  to  80  per  cent,  of  the  heat  that 
the  steam  brought  from  the  boiler.  The 
isolated  plant,  through  the  variety  of  service 
it  renders,  keeps  most  of  its  machinery  in 
use  during  nearly  all  of  the  year.  The 
central  steam-heating  station  is,  to  a  large 
extent,  idle  in  the  summer  and  must  make 
up  during  the  winter  for  a  large  fixed 
annual  expense.  When  the  central  electric 
station  and  the  public  heating  plant  are 
united,  the  total  efficiency  of  operation  will 
be  raised,  the  proportion  of  fixed  expenses 
reduced,  and  the  general  dupply  of  light, 
heat,  and  power  extended. 


HEATING  WATER  WITH  STEA"M  COILS 


STEAM  coils  submerged  in  ^tanks  are  fre- 
quently used  for  heating  water  for  large 
buildings.  Exhaust  steam  from  engines 
is  generally  used  for  this  purpose,  and  a  live 
steam  connection  is  made  by  which  live 
steam  can  be  turned  on  in  case  the  engines 
are  shut  down.  The  amount  of  coil  heating 
surface  used  in  large  tanks  is  about  1  square 
foot  for  every  15  gallons  of  capacity  of  the 
tank;  or,  what  is  the  same  thing,  1  lineal 
foot  of  1-inch  pipe  for  every  5  gallons  in  the 
tank.  The  capacity  of  a  large  hot-water 
storage  tank  best  adapted  for  general  use 
is  found  in  practice  to  be  about  as  follows: 


Be  Supplied.  I     Should  Hold. 

10  to  15  22  to  25 

15  to  20  I  20  to  22 

20  to  25  I  18  to  20 

25  to  30  *      16  to  18 


Total  Capacity  I 

of  Tank 

in  Gallons. 


250 
880 
400 
460 


The  above  table  is  constructed  on  the 
assumption  that  the  families  do  no  laundry 
work.  If  laundry  work  is  included,  the 
tanks  should  be  made  at  least  50  per  cent 
larger  on  account  of  the  enormous  demand 
on  washing  days. 
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Approxixatb    and    Prbcisb    Mkasurbmbntb    Defined — The   Ebrors  of  Meabubbment. 
Reducing  CuMULATiyE  Erbors  bt  Pboper  Methodb  of  Mbasubbicent 


THE  meafiurements  made  in  machine 
shops  may,  in  general,  be  broadly 
divided  into  two  classes:  measorements 
of  approximation  and  measurements  of  pre- 
cision. The  difference  between  the  two 
classes  is  one  of  degree  rather  than  of  kind;  in 
the  trae  sense  of  the  word,  all  measurements 
that  can  be  made  are  only  approximate,  no 
matter  what  refined  methods  are  used. 
Absolutely  correct  measurements,  i.  e.,  those 
that  do  not  vary  at  all  from  the  nominal  size, 
distance,  or  angle,  are  only  the  result  of 
accident;  we  cannot  conceive  of  any  means 
that  will  tell  us  when  a  measurement  agrees 
exactly  with  its  nominal  value.  Custom, 
however,  has  drawn  the  dividing  line  be- 
tween the  two  classes  of  measurement  at  a 
certain  limit  of  variAtion  from  the  true  size. 
While  there  exists  a  difference  of  opinion 
about  where  one  class  ends  and  the  other 
begins,  it  is  believed  that  the  most  general 
practice  is  to  classify  as  measurements  of 
precision  those  that  do  not  vary  more  than 
y^  inch  from  the  true  size.  In  scientific 
work,  the  limit  of  variation  within  which 
work  can  be  finished  depends  only  on  the 
refinements  of  measurement  adopted  and 
the  skill  and  ingenuity  of  the  person  per- 
forming the  work;  in  commercial  work,  the 
limit  of  accuracy  is  usuaUy  clearly  defined 
by  the  money  the  customer  is  willing  to 
pay  for  the  work. 

The  adoption  of  one  or  the  other  class  of 
measurement  depends  on  the  accuracy  re- 
quired. In  most  cases,  both  classes  are  used 
on  a  job,  since  work  is  rarely  of  such  shape 
as  to  require  measurements  of  precision  for 
each  and  every  part  of  it 

Approximate  measurements  are  those 
made  with  the  aid  of  an  ordinary  graduated 
steel  scale  and  a  caliper,  dividers,  scribing 
block,  surface  gauge,  etc.  While  an  expert, 
using  the  greatest  care  and  working  with 
a  magniiying  glass,  can  set  calipers  by  a  steel 
scale  within  a  limit  of  variation  of  y^  inch 
of  the  true  size,  there  are  comparatively  few 
people  who  can  do  so.  Generally  spesJcing, 
the  limit  of  variation  may  be  placed  at  yAfv 
inch;  it  requires  quite  close  work  to  attain 
even  this  accuracy. 

Precise  measurements  depend  primarily 


on  gauges  of  various  kinds  representing  com- 
mercially accurate  subdivisions  of  the  stand- 
ard yard.  These  gauges,  among  which  may 
be  mentioned  the  standard  end-meaaore 
pieces  made  by  Pratt  &  Whitney  and  the 
reference  disks  made  by  Brown  &  Sharpe,  are 
carefuUy  ground  and  lapped  to  a  size  not 
varying  more  than  rfshv  inch  frt>m  the  true 
size.  Gauges  of  this  degree  of  accuracy  are 
naturally  quite  expensive,  and  are  not 
intended  for  use  in  the  machine  shop,  but 
rather  for  the  testing  of  micrometers^  vernier 
calipers,  and  similar  shop  measuring  instru- 
ments. The  precise  measurements  the 
machinist,  as  a  general  rule,  is  called  on  to 
make,  depend  for  their  preciseness  on  his 
sense  of  touch;  these  are  measurements  of 
contact  As  a  matter  of  course,  it  is  here 
assumed  that  the  measuring  instrument 
used— a  micrometer,  for  instance— is  com- 
mercially correct. 

With  an  accurate  instrument  and  a  finely 
developed  sense  of  touch  a  surprising  d^ree 
of  accuracy  can  be  obtained  by  direct  contact 
measurement;  instances  are  numerous  where 
machinists  have  finished  work  that,  on  being 
tested  by  more  refined  methods,  was  shown 
to  be  accurate  within  rsiw  uich.  Very 
little  work  the  machinist  is  called  on  to  do 
will  need  such  exactness,  however.  To  get 
within  a  limit  of  variation  of  xtrirnr  i^ch  is 
possible  for  almost  any  one.  It  may  aoond 
like  a  very  small  amount,  but  its  magnitnde 
will  be  realized  very  forcibly  when  a  hard- 
ened, ground,  and  lapped  plug  is  placed 
between  the  anvils  of  a  micrometer  set  just 
to  touch  the  plug.  The  diffierence  in  the 
force  required  to  push  the  plug  through  the 
opening  when  the  micrometer  is  screwed  up 
TchTi  ii^ch  will  prove  a  surprise  to  any  one 
who  has  never  felt  this  demonstration  of  the 
magnitude  of  the  ten  thousandth  part  of  an 
inch.  While  granting  that  an  expert  may 
get  better  results,  generally  spelling  the 
limit  of  accuracy  of  ordinary  contact 
measurements  may  be  placed  at  that  figure. 
It  must  not  be  inferred,  however,  that  all 
work  can  be  or  is  done  within  this  limit  of 
variation;  while  it  is  possible  to  attain  this 
accuracy  for  one  contact  measurement,  it  is 
unreasonable  to  expect  to  get  it  when  a 
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number  of  saccesaiYe  contact  measurements 
have  to  be  made  in  order  to  obtain  a  predse 
oyer-all  dimension.  The  total  error  will 
probably  be  more  than  the  error  in  any 
indiyidual  measurement. 

The  accompanying  illustration  will  make 
this  dear.  The  problem  given  is  one  that 
frequently  arises  in  one  form  or  another. 
In  this  case  six  holes  are  to  be  bored  in 
some  part  of  a  jig;  the  holes  are  required  to 


(^  (^  (^  (^  (^  (^ 

be  m  a  straight  line,  equidistant,  and  1  inch 
apart.  They  are  to  be  bored  with  the 
greatest  possible  degree  of  accuracy  attain- 
able with  the  measuring  instrument  at  hand, 
which  is  a  one-inch  micrometer.  Under  the 
circumstances,  some  machinists  would  locate 
the  centers  of  the  holes  by  temporarily 
attaching  small  annular  circular  steel  disks 
of  known  diameter  to  the  work  by  fillister- 
headed  screws  and  placing  them  the  required 
distance  apart  by  the  aid  of  a  temporary 
gauge  filed  up  to  a  length  equal  to  the  cen- 
ter distance  of  two  adjacent  holes  diminished 
by  the  sum  of  the  radii  of  the  two  adjacent 
disks.  If  all  disks  are  alike,  the  same  tem- 
porary gauge  will  answer  for  each  division. 
The  disks  are  placed  in  line  by  being 
brought  up  against  a  true  straightedge.  The 
work  is  then  placed  on  the  face  plate  of  the 
lathe  and  trued  up  until  one  disk  runs  true; 
the  disk  is  then  removed  and  the  hole 
bored.  This  operation  is  repeated  until  all 
the  holes  have  been  made.  Now,  while 
each  hole  may  have  been  originally  located 
within,  say,  T^iinr  inch,  the  errors  of  meas- 
urement may  have  accumulated  until  the 
center-to-center  distance  between  the  end 
*  holes  may  vary  an  amount  considerably  in 
excess  of  the  limit  of  variation  of  a  single 
contact  measurement  In  a  job  of  the  kind 
here  shown,  the  errors  that  prevent  absolute 
accuracy  are  as  follows: 

1.  The  error  of  the  measuring  instru- 
ment. This,  with  an  instrmnent  purchased 
from  a  reliable  maker,  is  usually  exceed- 
ingly small. 

2.  Error  in  measuring  the  size  of  the 
disks.    This  should  not  exceed  rsivv  ii^ch. 

3.  Error  in  making  the  temporary  gauge. 
This  need  not  be'  more  than  the  previous 
error. 

4.  Error  in  placing  the  disks  equidistant 


and  at  the  required  distance.  Its  magnitude 
will  be  a  combination  of  errors  2,  3y  and  4. 
These  errors  may  accumulate  or  neutralize, 
partially  or  entirely. 

5.  Error  in  chucking  the  disk  to  run  true. 
This  need  not  exceed  ruhv  va^ch,  if  a  sensi- 
tive indicator  is  used. 

6.  Error  in  boring.  Its  magnitude  de- 
pends upon  the  skill  of  the  workman;  it  may 
be  infinitesimal  or  quite  appreciable. 

On  examining  these  errors  and  knowing 
that  some  of  them  cannot  be  obviated 
entirely,  it  is  seen  that  the  best  that  can 
be  done  is  to  reduce  each  one  to  the  lowest 
possible  limit  The  better  the  sense  of 
touch  is  trained,  and  the  more  skill  used, 
the  more  accurate  will  be  the  final  result 

We  will  now  investigate  the  elimination 
of  errors  for  this  particular  case.  If  a  two- 
inch  micrometer  is  at  the  disx>osal  of  a  tool- 
maker,  error  3  can  be  eliminated  entirely, 
since  the  micrometer  can  be  used  directly 
over  any  two  adjacent  disks.  Error  4  will 
also  be  reduced,  since  there  is  one  measure- 
ment less  to  be  made  for  the  location  of  any 
two  adjacent  disks;  that  is, 'there  are  now 
three  contact  measurements  instead  of  four. 
Error  2  can  be  diminished,  if  the  disks 
are  exactly  alike,  by  placing  three  or  four  on 
a  fiat  surface  plate,  pushing  them  all  in 
contact  with  a  straightedge  and  each  other, 
and  then  measuring  their  combined  size, 
and  finally  dividing  the  measurement  by  the 
number  of  disks.  Error  1  cannot  be  elim- 
inated by  any  means  at  the  conmiand  of  the 
toolmaker;  errors  5  and  6  can  be  minimized 
by  careftd  work. 

From  the  preceding  discussion  it  is  seen 
that  it  is  advisable,  in  order  to  secure  accu- 
racy, to  make  a  carefiil  study  of  the  way  in 
which  the  measurements  can  be  made.  In 
general,  it  may  be  stated  that  where  a  num- 
ber of  successive  contact  measurements  are 
necessary,  they  should  be  reduced  to  the 
smallest  number  feasible  with  the  instru- 
ments at  hand;  when  they  are  needed  for 
intermediate  parts  and  the  object  sought  is 
accuracy  of  the  combined  length  of  these 
intermediate  parts  in  addition  to  their  own 
accurate  location,  make  first  of  ^  all  the 
longest  measurement  circumstances  permit, 
and  from  it  obtain  the  subdivisions.  This 
applies  to  approximate  measurements  as 
well.  For  the  purpose  of  making  this  clear, 
let  us  assume,  in  the  job  shown  in  the  illus- 
tration, that  the  distance  between  the  end 
holes  is  required  to  be  as  precise  as  it  can  be 
made.  Then,  fiEUsilities  permitting,  the  two 
disks  locating  them  should  be  adjusted  first 
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of  all,  and  the  intermediate  disks  from  these 
in  torn. 

It  may  be  laid  down  as  a  general  role  that 
where  several  methods  of  measurement  are 
feasible,  the  method  that  involves  the 
fewest  and  most  direct  measurements  should 
always  be  chosen.  On  reflection  it  will  be 
seen  that  no  rules  can  be  given  for  the 
different  methods  of  measurement.  The 
workman  must  consider  the  means  at  hand 
and  the  nature  of  the  job;  he  must  then  use 
his  ingenuity  and  be  guided  by  his  practical 
experience. 

For  measurements  that  have  to  be  made 


within  a  smaller  limit  of  variation  than  is 
attainable  by  direct  contact  measurements, 
special  forms  of  instruments  based  upon  the 
principle  of  the  micrometer  are  used.  In 
these  machines  special  devices  show  the 
degree  of  contact  of  the  measuring  surfaces 
with  the  work.  They  are  to  be  found  in  a 
few  of  the  leading  shops  where  accurate 
work  is  done,  and  are  intended  for  measure- 
ments within  a  limit  of  variation  of  T^iw 
inch.  They  are  rarely  used  for  work  other 
than  the  making  of  standard  gauges  intended 
for  the  testing  oi  the  ordinary  measuring 
instruments. 


GAS  LEAKS 


Gas  Fittop 

Pbbgautionb  to  Bb  Obsbrvbd  in  Casb  of  an  AocuMULi^jioN  or  Gas— Whkrb  Lbaks  Am 

LiKBLY  TO  Bb  Found 


GAS  LFiAKg^  as  generally  looked  on  by 
the  public,  are  simply  trifling  incon- 
veniences that  create  a  disagreeable 
odor  that  can  be  tolerated  for  a  long  time 
before  headache  results.  But  the  hei^ache 
does  come,  and  often  worse  troubles,  too,  if 
gas  leaks  are  not  promptly  remedied.  The 
effect  of  a  gas  leak,  or  the  consequences,  if 
you  please,  will  depend  considerably  on  the 
magnitude  of  the  leak  and  the  manner  in 
which  people  are  compelled  to  pay  attention 
to  it 

Suppose  you  go  to  bed  leaving  a  peep  of 
gas  burning,  just  for  convenience  in  case  the 
baby  should  cry  during  the  night,  and  a 
gust  of  wind  should  somehow  blow  out  this 
light  You  sleep  on  in  blissfid  ignorance, 
but  awake  next  morning  with  an  aching 
head  or  perhaps  sick  at  the  stomach.  These 
are  effects  of  inhaling  gas  in  small  quantities. 

A  fEurmer  who  has  been  accustomed  to 
blowing  out  his  oil  lamp  the  last  thing  every 
night  before  he  tumbles  in  to  rest  his  weary 
bones,  forgets  himself  in  the  city  hotel  where 
he  is  ''putting  up"  temporarily,  carefully 
makes  his  room  door  and  windows  burglar- 
proof,  then  blows  out  the  gas  and  slips  in 
between  the  sheets  with  the  feeling  that 
after  all  there  is  *'  no  place  like  home." 
About  2  or  3  o'clock  in  the  morning  the 
night  watchman  discovers  a  strong  smell  of 
gas  in  the  vicinity  of  this  room.  After  vain 
efforts  to  arouse  the  occupant,  the  door  is 
finally  forced,  only  to  find  that  the  poor 
fellow  has  been  partially  or  entirely  asphyx- 


iated. An  ambulance  and  physidans  or 
undertakers  do  the  rest  This  is  the  result 
of  inhaling  a  large  amount  of  coal  gas. 

But  another  danger  firom  gas  leakage,  and 
one,  too,  that  is  quite  important,  is  thai  fire 
may  reach  the  accumulation  of  gas  and  cause 
an  explosion.  Undoubtedly,  more  human 
lives  have  been  lost  through  gas  explosions 
than  through  asphyxiation.  An  explosion 
occurred  on  one  of  the  busiest  streets  of 
Scranton,  Pa.,  but  a  few  days  ago.  Two 
brick  buUdings  of  the  genuine  American  box 
pattern,  apparently  as  substantial  as  any 
other  building  of  their  dass,  were  totally 
demolished  in  the  twinkling  of  an  eye.  The 
accompanying  illustration  shows  the  wreck- 
age a  few  minutes  after  the  dust  had  cleared 
away.  There  were  nine  persons  in  these 
buildings  at  the  time  of  the  explosion. 
Willing  hands  soon  released  the  imprisoned  . 
ones  from  the  wreckage,  and  to  the  great  joy 
of  the  thousands  of  spectators,  it  was  found 
that  no  one  was  killed;  even  the  baby  that 
was  cuddled  up  close  to  its  mother's  bosom 
was  found  to  be  uninjured.  In  addition  to 
the  occupants  of  these  houses  who  were 
injured,  many  people  on  the  street  were 
severely  hurt  by  flying  glass. 

The  exact  cause  of  this  explosion  is  much 
debated  by  the  public.  Some  people  who 
have  handled  explosives  for  years  say  that 
the  wreckage  resembles  the  work  of  dyna- 
mite, while  others  who  are  familiar  with 
the  effects  of  gas  explosions  in  mines  dedaie 
that  the  explosion  was  undoubtedly  due  to 
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gas.  It  is  asserted  to  be  a  fact,  however, 
that  gas  filled  the  buildiog  to  the  right  in 
the  illustration,  the  first  floor  of  which  was 
oocapied  by  a  bank,  and  that  the  watch- 
man, after  banking  hours,  descended  the 
cellar  steps  to  shut  off  the  gas  cock  at  the 
meter.  He  had  scarcely  reached  the  cellar 
floor  when  he  observed  that  a  gas  jet  burn- 
ing in  the  rear  had  ignited  the  gas  and  that 
a  wave  of  blue  flame  was  rolling  along  the 
ceUar  ceiling  toward  the  front.  Being  an 
old  miner  and  accustomed  to  gas  in  mines, 
his  good  judgment  told  him  to  lie  down 
dose  to  the  comer,  which  he  instantly  did, 
just  as  the  gas  exploded,  when  the  entire 
building  fell  on  top  of  him.  Presence  of 
mind  probably  saved  his  life. 

Just  where  the  gas  came  from  is,  of  course, 
unknown,  but  it  is  believed  to  have  escaped 
either  from  a  gas  pipe  that  had  been  frised 
by  an  electric  wire  or  from  leaks  under  the 
street.  It  is  a  well  known  fact  that  gas 
escaping  from  a  street  main  will  ooze  up 
through  the  ground  if  the  street  is  not 
paved,  but  if  the  sur&ce  of  the  street  is 
impervious,  the  escaping  gas  will  find  its 
way  into  sewers  and  cellars.  As  the  street  in 
front  of  this  wreck  is  paved  with  asphaltum, 
and  as  gas  leaks  are  frequently  caused  by 
slight  settlements  of  the  ground,  such  as 
have  occurred  to  this  street  on  several 
occasions,  it  is  rational  to  suppose  that  this 


gas  came  in  through  the  cellar  wall.  In  any 
case,  it  was  there  and  became  ignited. 

In  cases  of  this  kind,  or  whenever  there 
is  reason  to  suppose  there  might  be  an 
accumulation  of  gas,  every  precaution  should 
be  taken  to  prevent  an  explosion.  As  soon 
as  an  odor  of  gas  is  detected  in  any  building, 
the  gas  fitter  should  be  called  in  at  once. 
If  the  smell  is  strong,  all  doors  and  windows 
should  be  opened  wide  to  let  out  the  gas  as 
quickly  as  possible,  and  some  one  who  knows 
where  the  stop-cocks  are  located  should  go 
and  shut  off  the  gas;  but  under  no  con- 
sideration should  he  take  a  light  along.  If 
possible,  this  should  be  done  without  draw- 
ing a  breath.  If  it  is  necessary  to  breathe 
in  such  a  place,  the  nose  should  be  placed 
near  the  floor,  for  the  gas  is  usually  found 
near  the  ceiling.  If  there  is  a  liability  of 
his  being  overcome,  he  should  keep  in  com- 
munication with  another  person  who  can 
rush  in  and  pull  him  out  should  he  cease  to 
answer  inquiries. 

Gas  alone  will  not  explode  when  a  light 
is  applied;  to  be  explosive  it  must  be  mixed 
with  air  to  a  certain  extent,  which  varies 
slightly  with  the  kind  and  quality  of  the 
gas.  One  cubic  foot  of  illuminating  gas  of 
ordinary  quality  requires  to  be  mixed  with 
a  quantity  of  air  varying  from  5}  to  13}  cubic 
feet  before  an  explosion  will  take  place; 
between  these  limits  explosion  will  occur, 
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bat  the  most  intense  explosion  takes  pUoe 
when  the  proportion  is  1  of  gas  to  aboat  9} 
of  air.  When  there  is  less  thui  6}  cubic  feet 
of  air  to  1  cable  fool  of  gas,  the  miztare  will 
bam  bat  not  explode. 

When  an  explosion  takes  place  the 
gaseoas  mixture  is  instantly  increased  to 
about  three  times  its  original  volume.  If 
the  gas  is  confined  in  a  chamber  so  that 
it  cannot  expand,  the  pressure  instantly 
increases  to  about  30  pounds  x>er  square 
inch  by  the  gauge.  In  the  case  of  the 
wrecked  building  shown  in  the  illustration, 
there  was  an  increase  in  pressure  that 
raised  the  heavy  sidewalk,  raised  the  floors 
of  the  building,  blew  out  the  lower  part  of 
the  front  wall  and  a  large  hole  in  the  rear 
wall,  and  knocked  the  first-story  party  wall 
into  the  adjoining  wrecked  building;  the 
force  of  gravity  did  the  rest. 

To  aid  the  householder  in  locating  gas 
leaks,  and  thus  help  him  to  prevent  disasters 
of  the  kind  illustrated,  let  us  consider  the 
most  conmion  forms  of  leaks  and  the  places 
in  which  they  are  most  likely  to  be  found. 
If  the  gas  pipes  are  made  of  wrought  iron. 


have  been  tested  and  proved  gas-tight, 
and  have  been  in  use  for  some  time  before 
an  odor  of  gas  is  noticed,  the  leak, -if  in 
the  building,  will  probably  be  found  at  the 
gas  fixtures  or  at  the  meter.  The  small  stop- 
cocks on  the  fixtures  often  work  loose  and 
gas  escapes  around  the  keys.  If  a  key  is 
loose  in  its  socket  it  is  very  liable  to  be 
opened  accidentally  or  to  be  reopened  unin- 
tentionally in  the  act  of  removing  the 
fingers  aftiar  dosing  it.  A  loose  key  is  such 
a  dangerous  thing  that  it  should  not  be 
permitted  to  remain  loose  under  any  cir- 
cumstances. 

If  the  odor  of  gas  is  stronger  in  the  cellar 
than  in  the  living  rooms,  the  leak  will 
probably  be  found  at  the  meter  couplings. 
These,  as  a  rule,  are  only  leather  or  rubber, 
which  rot  and  cause  leakage.  Sometimes 
the  couplings  themselves  have  worked  loose, 
or  it  may  be  found  that  the  meter  leaks.  In 
any  case,  if  the  odor  does  not  subside  after 
the  gas  is  shut  off  at  the  meter,  it  is  well  to 
notify  the  gas  company  in  writing  and  keep 
a  copy  of  the  notice,  for  you  may  want  to 
sue  them  for  damages  for  neglect 
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Details  of  Constbtjction  of  a  Galvanokbter  That  Is  East  to  Manage  and  of  Extreme 
SENsrrivENEss — ^Its  Prominent  Advantages 


THE  following  description  and  drawings 
are  of  a  galvanometer  designed  by  Prof. 
W.  S.  Franklin  to  meet  the  require- 
ments of  the  Department  of  Physics  of  Lehigh 
University.  The  instrument  is  inexpensive 
and  at  the  same  time  extremely  sensitive, 
but  peculiarly  easy  to  handle.  It  consists  of 
a  base  and  two  frames  of  well-seasoned  cherry 
supporting  four  small  coils  that  act  on  an 
astatic  needle  suspended  by  a  silk  fiber,  and 
the  deflections  of  the  needle  are  read  by 
a  mirror  either  with  a  lamp  and  scale  or  a 
telescope  and  scale,  as  desured. 

The  coils  each  contain  about  2}  ounces  of 
No.  36  B.  <&  S.  double  silk-covered  copper 
wire,  a  total  of  about  10  ounoes  for  an  instru- 
ment. The  coils  are  wound  upon  a  metal 
form  (see  Fig.  1),  so  arranged  that  it  can  be 
easily  held  in  the  chuck  of  a  lathe.  It  is  not 
necessary  to  keep  the  layers  distinct;  rough- 
wound  coils  are  quite  as  satisfactory.  After 
the  coil  is  wound,  the  form  with  the  coil  on 
it  is  allowed  to  soak  in  melted  beeswax  and 


resin,  half  and  half,  for  10  or  16  minutss.  It 
is  heist  to  place  the  vessel  with  melted  mix- 
ture and  coil  under  the  receiver  of  an  air 
pump,  to  insure  extracting  all  of  the  air  from 
the  coil;  however,  this  is  not  abeolutely 
necessary.  The  ooU  and  form  are  next 
cooled  (with  water,  if  desired,  as  the  whole 
is  now  entirely  waterproof)  and  the  front 
plate  of  the  form  removed  after  heating  it 
slightly  with  a  warm  iron.  The  form  itself 
is  now  heated  slowly  and  the  coil  removed, 
when  firee,  by  a  slight  twist.  The  coils  thns 
made  will  be  found  to  be  firm  and  readily 
handled  without  danger  of  breaking.  Fig.  2 
shows  the  shape  of  tine  coils  when  removed 
frx)m  the  form. 

The  base  of  the  instrument  is  1  in. 
X  7}  in.  X  7}  in.,  and  to  it  is  both  glued  and 
screwed  a  comer  block  2  in.  X  2  in.  X  3  in., 
of  cherry.  The  front  and  rear  blodrs  for 
coils  are  each  1  in.  X3  in.  X9  in.  These 
blocks  are  very  much  alike,  as  will  be  seen 
from  Fig.  3;  they  are  of  the  same  sise,  both 
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have  sawn  grooves  to  receiye  glaw  stripe, 
both  have  openings  for  coils,  and  both  hare 
i-inch  diameter  holes  /  to  giye  access  to  the . 
'  of  the  binding  screws.  The  rear  block 
is  glued  and  screwed  to 
the  comer  block  (see 
holes  e  coontersank  for 
No.  12  flat-headed  U- 
inch  screws).  At  the 
top  and  bottom  of  the 
rear  block  is  attached 
i-inch  spacing  blocks  of 
wood  or  hard  rabber; 
the  top  spacing  block  is 
cat  away  to  give  plenty 
of  room  for  the  needle 
and  its  suspension  fiber. 
Through  the  front  block 
is  a  hole  1  inch  in  diam- 
eter, opposite  the  mir- 
ror. The  holes  o  are 
drilled  for  No.  12  round- 
headed  l}-inch  brass 
screws  which  serve  to 
damp  the  front  and 
rear  blocks  together,  these  screws  fastening 
in  the  holes  d  in  the  rear  block. 

On  the  front  and  rear  of  the  instrument 
are  two  hard-rubber  pieces  i  inch  thick. 


FlO.  1 


pieces  are  drilled  holes  j  on  the  axes  of  the 
coils,  and  the  front  piece  has  the  hole  h 
opposite  the  mirror.  This  hole  must  be 
covered  by  a  window  (preferably  of  thin 
glass,  but  mica  will  do)  sealed  to  the  front 
board.  If  a  lamp  and  scale  is  to  be  used  with 
the  galvanometer  a  spectacle  lens  may  be 
let  into  the  front  bofuxl.  This  lens  should 
have  a  focal  length  of  one-half  the  distance 
from  the  mirror 
to  the  scale  de- 
sired. On  top  of 
the  blocks  for 
the  coils  is  a 
brass  plate  (Fig. 
4)  attached  to 
the  rear  block 
only  by  two  No. 
8  round-headed 
Hi^ch     brass 

screws  at  g.  To  this  plate  is  soldered  a 
brass  tube  {  inch  outside  diameter  and  4 
inches  long.  The  top  of  this  tube  is  slitted 
and  receives  a  brass  plug  to  which  the  sus- 
pension fiber  is  attached. 

To  properly  mount  the  coils  in  the  blocks, 
proceed  as  follows:  Upon  a  piece  of  white 
paper  draw  two  f-inch  circles,  2  inches 
between  centers;  place  over  this  a  piece  of 
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3  in.  X  d  in-  ftnd  3  in.  X  7  in.,  respectively. 
These  are  attached  to  the  blocks  by  No.  4 
round-headed  }-inch  brass  screws  a  (Fig.  3). 
To  these  hard-rubber  pieces  are  attached 
the  binding  poets  at  holes  6,  which  are 
drilled  to  suit   the  poets.    Through  ^both 


window  glass  3  in.  X  6  in.  or  larger,  and  on 
the  glass  place  one  of  the  blocks,  grooved 
side  (inner  side)  downward  and  adjust  so 
that  the  circles  are  directly  below  the  loca- 
tion of  the  centers  of  the  coils.  When 
adjusted,  dampXall  jtogether]  with  a  pair  of 
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carpenter  damps.  Next  place  the  coila 
in  position  with  the  large  end  of  the  hole 
upward,  and  adjust  by  looking  at  the  circle 
through  the  hole  in  the  coil.    Around  the 

flfy^  to  amre/f  st/ap^nsMff 
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coils  pour  a  melted  resin  and  beeswax  mix- 
ture with  a  spoon  until  the  space  is  filled, 
then  take  two  IJ-inch  diameter  circles  of 
thin  dear  mica  and  seal  them  over  the 
openings  through  the  coils.  When  cool 
turn  the  coil  and  glass  over,  and  on  the 
glass  lay  a  second  glass  and  then  the  other 
block,  adjusting  the  blocks  so  that  their 
comers  exactly  coincide,  and  clamp  them 
together.  Place  the  coils  for  the  second 
block  exactly  opposite  those  of  the  first 
block  and  seal  them  in  as  before  explained. 
When  cool  the  blocks  can  be  removed  from 
the  glasses  by  warming  the  glass  slightly. 
Fig.  5  is  a  section 
of  the  instrument 
showing  the  coils 
mounted  in  place. 
The  blocks  can 
now  be  finished 
by  putting  on 
the  hard-rubber 
fronts,  spacing 
blocks,  binding 
screws,  etc.,  and 
then  the  complete 
instrument  can  be 
put  together.  The 
glass  stripe  shown 
in  Fig.  4  can  then 


end  and  two  groups  of  small  magnets  so 
located  that  when  the  mirror  is  opposite  the 
large  hole  in  the  front  block  the  groups  will 
come  exactly  central  with  the  coils. 

To  make  the  magnets,  take  a  piece  of  No.  8 
music  wire  .019  inch  in  diameter,  straighten 
it  and  cut  it  into  convenient  lengths.  Heat 
these  red  hot  in  a  piece  of  tin  bent  into 
a  trough,  as  shown  in  Fig.  6,  and  quench 
with  water  to  harden  them.  The  wire  may 
now  readily  be  broken  into  i-inch  lengths  by 
pladng  it  on  a  pine  board  and  pressing  with 
a  sharp  edge  at  the  point  where  the  break  is 
desired.  Next,  cut  two  pieces  of  very  thin 
mica  \  inch  square  and  stick  the  magnets 
on  them  by  means  of  shdlac.  Take  a  piece 
of  small  glass  rod  and  heat  it  in  a  flame 
until  soft,  and 
then,  removing  it 
from  the  flame, 
quickly  draw  it 
out  into  a  fine 
glass  fiber.  When 
drawing,  one 
hand  should  be 
vertically  over 
the  other,  and  as 
soon  as  the  rod  is 
pulled  as  far  as 
desired  release 
the  tension  im- 
mediately, otherwise  the  fiber  will  not  be 
straight  Select  a  portion  of  the  fiber  about 
6  inches  long  and  determine  whether  it  is 
straight  by  rolling  it  between  the  fingers. 

The  mirror  should  be  made  of  microscope 
cxmr  glass.  The  mirror  muA  be  light,  so  its 
size  had  better  be  confined  to  \  inch  square 
or  ^  inch  round.  If  the  mirror  is  heavy, 
the  needle,  when  started,  will  vibrate  a 
long  time  before  coming  to  rest,  i.  e.,  will 
no^  be ''dead-beat" 

To  mount  the  mirror  and  magnets  upon 
the  glass  fiber,  mark  out  the  positions  of 
each  (see  Fig.  7)  accurately  on  a  piece  of 
paper  and  place  the  mirror  and  magnets 
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be  slipped  into  the  grooves  between  the 
blocks,  to  keep  the  air  from  disturbing  the 
needle. 

The  needle  consists  of  a  glass  fiber  .02  inch 
or  .03  inch  in  diameter  and  6  inches  long, 
having  a  small  light  mirror  attached  at  one 


FlQ.7 

fJEUse  downward  in  their  positions,  daubing 
shellac  on  their  backs;  lastly,  lay  the  glass 
fiber  in  place  and  allow  the  diellac  to  dry. 
The  magnets  can  now  be  magnetized  in  the 
directions  shown  in  Fig.  7,  by  placing  them 
between  the  poles  of  an  electromagnet 
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The  BOBpension  fiber  ia  obtained  from  a 
piece  of  white  floea  ailk,  the  silk  being  un- 
raveled ontil  a  single  fiber  can  be  with- 
drawn. The  fiber  is  attached  by  shellac  to 
the  glass  fiber  and  the  brass  end  plug. 
When  the  shellac  is  dry  the  end  plug  with 
the  needle  Basi>ended  is  carefully  lifted  and 
the  needle  lowered  through  the  brass  tube 
until  the  magnets  are  on  the  axis  of  the  coils, 
that  is,  opposite  the  holes  j.  The  length  of 
the  silk  fiber  should  be  such  thatf  the  end 
plugs  will  now  extend  about }  inch  into  the 
brass  tube.  The  galvanometer  should  be 
leveled  up  so  that  the  needle  swings  free 
and  is  central  with  respect  to  the  coils.  This 
adjustment  is  readily  obtained  for  the  win- 
dows j  and  the  side  strips  of  glass  permit 
the  needle  and  fiber  to  be  seen  for  the 
greater  part  of  their  length.  The  completed 
instrument  is  shown  in  Fig.  8. 

The  coils  can  be  connected  up  properly  by 
trial,  either  in  series  or  parallel,  as  desired, 
thus:  Apply  a  small  E.  M.  F.  to  on«  coil 
and  note  the  deflection;  then  connect 
another  coil  into  the  circuit,  and  if  the 
deflection  is  less^  the  coils  are  opposed  aAd 
the  terminals  of  one  of  them  should  be 
reversed,  and  so  on,  adding  the  third  and 
fourth  coils  to  the  circuit.  It  does  not 
necessarily  follow  that  two  coils  will  give 
twice  the  deflection  of  one  unless  the  cur- 
rent in  each  of  the  two  coils  is  the  same 
value  as  in  the  one. 

Inasmuch  as  the  instrument  is  not  air- 
tight, drafts  may  disturb  the  needle,  and  if 
so  a  small  box  having  a  window  opposite 
the  mirror  can  be  inverted  over  the  galva- 
nometer. 

The  following  are  some  of  the  more  im- 
portant features  of  this  type  of  instrument: 

1.  It  is  inexpensive  and  easily  con- 
stmcted. 


2.  It   is   extremely   sensitive,  indicating 
currents  as  small  as  nyoooiooooo  ampere. 

3.  It  is  quite  dead-beat  if  supplied  with 
a  light  mirror. 

4.  The  windows  and  the  glass  side  strips 
facilitate  adjustment  and  inspection. 

5.  The  needle  and  fiber  can  be  readily 


Fio.  8 

removed  for  inspection  or  repairs  and  as 
readily  replaced. 

6.  The  instrument  can  be  easily  opened; 
the  screws  at  o  being  removed,  the  front 
block  is  entirely  free. 


RAIL^VAY  MILEAGE 


0 


N  June  30,  1899,  the  total  single-track 
railway  mileage  in  the  United  States 
was  189,294.66  miles,  an  increase  during 
the  year  of  2,898.34  miles  being  shown.  This 
increase  is  greater  than  for  any  other  year 
since  1893.  The  states  and  territories  which 
show  an  increase  in  mileage  in  excess  of 
100  miles  are  Alabama,  Arkansas,  Greorgia, 
Louisiana,  Michigan,  Minnesota,  Pennsyl- 
vania, Texas,  Arizona,  New  Mexico,  and 
Oklahoma.    Practically  all  of  the  railway 


mileage  of  the  country  is  covered  by  reports 
made  to  the  Interstate  Commerce  Conmiis- 
sion,  the  amount  not  covered  being  0.93  per 
cent,  of  the  total  single-track  mileage.  The 
aggregate  length  of  railway  mileage,  includ- 
ing tracks  of  all  kinds,  was  252,364.48  miles. 
The  distribution  of  this  aggregate  mileage 
was  as  follows:  Single  track,  189, 294. 66 miles; 
second  track,  11,546.54  miles;  third  track, 
1,047.37  miles;  fourth  track,  790.27  miles; 
yard  track  and  sidings,  49,685.64  miles. 
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A  NEW  ERA  IN  AMERICAN  SHIPS 


Geo.  E.  ^Araleh 


Incbbasb  in  Gabbtino  Oapacttt  and  Rbduction  in  Spbbd—Ogean  Grethounis  Not 
Pbofftablb — Shifb  in  Coubsb  of  Construction 


AMERICAN  ship  building  haa  paased 
through  many  diBCOUxaging  periods  of 
evolution,  and  the  height  of  its  remark- 
able development  in  the  middle  half  of  the 
present  century  can  hardly  be  measured  by 
the  period  of  stagnation  that  has  fiEdlen  upon 
it  for  the  past  two  decades.  Of  this  latter, 
we  have  had  enough,  and  no  fruits  of  our 
war  in  Cuba  and  the  Orient  are  better  appre- 
ciated as  a  whole  than  the  new  interests 
that  have  been  stimulated  in  ship-building 
cirdee.  A  part  of  the  present  activity  in 
the  shipping  interest  is  due  to  the  general 
prosperity  of  the  country  and  to  the  with- 
drawal of  some  ships  from  the  paths  of 
commerce  for  war  purposes;  but,  after  due 
allowances  are  made  for  these,  the  fact 
remains  that  the  American  ship-building 
industry  is  entering  upon  a  new  era  that 
may  carry  it  to  the  high- water  mark  of  half 
a  century  ago.  Abundant  and  indubitable 
facts  point  toward  the  promising  future  of 
American  ship  building  of  war  vessels,  ocean 
steamers,  yachts,  and  coasting  vessels. 

There  are  certain  tendencies  in  this  new 
movement  that  show  the  changes  in  the 
commercial  needs  of  the  country.  The  day 
of  the  small  vessel  has  nearly  passed,  and 
those  from  4,000  tons  up  are  the  universal 
fitvorites.  A  vessel  of  this  size  can  be 
handled  with  the  same  number  of  men  as 
required  for  one  of  half  the  tonnage,  and 
its  earning  capacity  is  thereby  materially 
increased.  Hand  in  hand  with  the  growth 
of  larger  vessels  of  enormous  carrying 
capacity  will  go  the  reduction  in  speed. 
The  fast  vessels,  which  are  built  primarily 
to  carry  passengers  and  the  mails,  and  inci- 
dentally to  break  records,  are  not  profitable 
investments.  They  do  not  pay,  whether 
flying  under  the  American  or  British  flag, 
unless  heavily  subsidized.  There  is  senti- 
ment in  the  thought  of  owning  these  hand- 
some greyhounds  of  the  ocean,  but  they  are 
costly  luxuries  and  their  number  will  be 
limited.  On  the  Pacific,  where  trade  with 
the  Orient  is  to  develop,  the  new  vessels 
will  all  be  of  large  size  and  immense  carry- 
ing capacity,  and  of  comparatively  slow 
speed.  It  is  promised  that  over  twenty- 
five  of  these  large  steamers  will  be  engaged 


in  the  Oriental  trade  with  our  Pacific  coast 
within  the  next  five  years.  Every  shipyard 
on  the  Atlantic  and  Pacific  today  is  busy, 
and  it  is  impossible  to  place  new  contracts 
for  a  vessel  anywhere  in  this  country. 
Within  the  next  six  months  a  large  fleet  of 
ocean  steamers,  coasters,  wooden  ships,  and 
war  ships,  will  be  launched. 

This  is  not  a  matter  of  guesswork  or  of 
prophecy,  but  is  an  actual  fieust,  based  on  the 
returns  of  the  difierent  ship-building  plants 
and  the  investigations  of  the  Commissioner 
of  Navigation.  Our  own  new  navy  fur- 
nishes considerable  work  for  the  plants,  and 
the  agitation  for  keeping  one  ship  in  the 
process  of  construction  in  each  of  the 
important  navy  yards  all  the  time  is  likely 
to  meet  with  a  fiivorable  outcome.  There 
are  fifty  war  vessels,  of  an  aggregate  displace- 
ment of  140,813  tons,  in  the  course  of  con- 
struction or  under  contract  in  the  various 
seacoast  shipyards,  and,  besides  these,  Con- 
gress has  auUiorized  six  other  war  ships,  of 
76,500  tons  displacement,  the  contracts  for 
which  have  not  yet  been  let  These  war 
vessels  run  all  the  way  from  the  small  tor- 
pedo boats  up  to  the  magnificent  battle  ships 
of  the  Kentucky  and  Kearsarge  type.  The 
growing  needs  of  our  navy  tend  to  stimulate 
competition  in  the  construction  of  vessels  of 
every  type,  for,  after  the  ship-building  plant 
is  once  thoroughly  equipped,  it  can  accept 
orders  for  widely  different  types  of  vessds. 

It  may  be  said  that  our  new  navy  con- 
sequently gave  the  first  incentive  to  the 
present  movement  in  American  ship  build- 
ing and  induced  builders  to  equip  large  and 
expensive  plants  at  fiivorable  points  along 
the  two  coasts.  Otherwise  the  present 
demand  for  American  ships  could  not  have 
been  met  in  even  a  partially  successful  way. 
On  the  Pacific  coast,  the  large  steamers  in 
the  course  of  construction  represent  an 
immense  tonnage  in  the  aggregate.  For  the 
Hawaiian  trade  alone  there  are  four  steamers 
on  the  stocks  with  an  aggregate  gross 
tonnage  of  26,500.  The  Pacific  Mail  Steam- 
ship Company  has  two  large  steamers  partly 
finished,  and  The  International  Navigation 
Company  has  two  more,  whUe  the  Oceanic 
Steamship  Company  (Spreckels)  have  three 
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building.  On  the  Atlantic  coast  there  are 
three  large  steamers  in  the  yards  for  the 
Caban  trade.  These  ten  steamers  represent 
over  81,000  gross  tons,  and  they  do  not 
inclade  the  new  coasting  traders. 

There  are  over  forty-five  vessels  of  the 
latter  class  in  course  of  construction  or 
under  contract  in  this  country,  and  as  their 
groflB  total  tonnage  is  over  76,000,  their 
average  size  must  be  decidedly  larger  than 
the  average  coaster  built  in  former  days. 
In  this  list  are  included  some  small  vessels 
of  not  much  more  than  local  importance, 
and  their  small  size  increases  the  average 
capacity  for  the  larger  number  of  big  ships. 
The  large  four-  and  five-masted  sailing 
vessels  are  in  great  demand,  and  one  at 
least  is  being  built  of  5,500  tons  and  with 
six  masts. 


The  rates  for  ocean  freight  are  higher  by 
25  per  cent  today  than  they  were  a  year  ago, 
and  the  cost  of  construction  has  advanced 
proportionately  because  of  the  higher  cost 
of  lumber  and  structural  iron  and  steel. 
These  two  ofiiaetting  factors  do  not  seem  to 
influence  the  course  of  the  trade  to  any 
appreciable  extent,  and,  from  present  indi- 
cations, we  may  look  for  new  fleets  of  Amer- 
ican ships  on  the  water  by  next  summer, 
while  others  will  take*  their  places  on  the 
stocks  of  a  score  of  different  Atlantic  and 
Paciflc  shipyards.  Those  who  have  the 
interest  and  glory  of  the  American  flag  on 
the  high  seas  at  heart  will  find  these  har- 
bingers for  a  new  era  of  American  ship 
building  good  reasons  for  being  satisfied 
at  the  course  of  history  in  the  past  two 
years. 


THE  STORY  OF  AN  UNSTABLE  FOUNDATION 


M.  M.  Sloan 


How  A  Test  of  the  Soil  Might  Have  Prevented  Damage  to  Property  and  Avoided 

Great  Expense 


TROUBLE  and  expense  often  might  be 
avoided  by  testing  the  bearing  quali- 
ties of  foundation  soils,  and  although 
such  a  precaution  should  not  be  neglected, 
especially  when  there 
is  suspicion  of  unre- 
liable strata,  it  is  one 
that  is  seldom  taken 
in  the  erection  of  a 
two-  or  three-story  res- 
idence. It  was  with 
considerable  interest 
that  the  passers-by 
watched  the  erection 
of  a  handsome  home 
on  one  of  the  residence 
streets  of  an  inland 
city.  To  say  tliat  the 
house  was  well  built 
would  hardly  convey 
an  idea  of  the  excel- 
lence of  the  workman- 
ship and  the  material 
employed.  From  the 
copper  cresting  and 
finials  of  the  roof  to 
the  finely  chiseled  Indiana  limestone  trim- 
mings and  neatly  turned  balusters,  all  be- 
tokened the  amplitude  of  the  owner's  purse 
and  the  care  and  taste  of  the  architect.  How 


The  Abch  op  the  First  Story  and  the  Brickwork 

Above  Succumbed,  Together  With  the  Heavy 

Stone  Sill  of  the  Second  Story  " 


imposing  it  looked  in  all  the  glory  of  its 
yellow-brick  front  and  renaissance  wood- 
work, proudly  rearing  its  wide  dormers  and 
tall  chimneys  among  its  neighbors  of  the 
more  humble  sheath- 
ing and  shingle  types, 
like  a  colonial  produc- 
tion masquerading  in 
the  finery  of  modern 
materials. 

On  many  an  evening 
the  observer,  as  he 
wended  his  way  home- 
ward, has  seen  the 
owner,  sometimes 
alone  and  at  other 
times  with  the  archi- 
tect, watching  with 
8atis£eu;tion  the  pro- 
gress made  each  day 
— a  satisfaction  that 
almost  amounted  to 
ostentatious  pride 
when  the  roof  line  and 
chimney  cap  became 
outlined  against  the 
western  evening  sky.  Sometimes  they 
would  stay  until  the  moon  shed  its  silvery 
light  over  the  classic  details,  and  then,  if 
one  were  to  listen,  the  architect  might  be 
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"  Then,  Following  the  Line  of  Least  Resistance,  the  Unsightly 

Break  Next  Appeared  at  the  Corner  of  the  Second-Story 

Window  Head  and  Continued  Upward  to  the  Plate  " 


heard  to  say,  as  he  passed  from  one  vantage 
point  to  another, 

"If  thou  woaldst  view  fair  Melrose  aright. 
Go  Ylsit  it  in  the  pale  moonlight." 

Such  was  the  state  of  affairs  that  existed 
above  the  level  of  the  street.  But  alas  I 
the  high  hopes  of  the  owner  were  checked 
and  the  reputation  of  the  architect  some- 
what dimmed  by  the  unseen  and.  unsus- 
pected agencies  that  were  assiduously  and 
subtly  at  work  below  the  surface,  directly 
under  the  north  side  wall  and  the  outlying 
pilasters  that  added  their  attractiveness  to 
the  principal  fagades  of  the  building. 

The  house  stood  on  the  slope  of  a  hill 
and  faced  the  summit;  parallel  with  the  top 
of  the  soil,  but  some  eight  or  ten  feet 
beneath,  lay  a  stratum  of  hard  rocky  shale, 
over  which,  in  rainy  weather,  a  stream  of 
water  from  the  drainage  of  a  considerable 


area  worked  its  way.  Some 
distance  below  the  house  thia 
stream  disappeared  into  a  hole 
or  fissure  in  the  hard  stratum 
and  was  lost  in  some  myste- 
rious underground  canal,  car- 
rying with  it,  as  time  wore 
on,  the  under  surflAce  of  the 
soU. 

The  erection  of  this  unfor- 
tunate building  was  b^gon 
directly  over  this  channel, 
and  the  excavation  for  the 
foundation  presented  a  seem- 
ingly fair  and  solid  bearing 
stratum.  But  appearances 
are  sometimes  deceitful,  and 
the  supposedly  secure  founda- 
tion proved  to  be  nothing  bat 
an  arch  of  earth,  which,  while 
able  to  support  its  own  weight, 
refused  to  carry  the.  load  of 
brick,  stone,  and  timber  that 
the  architect  saw  fit  to  impose. 
So,  one  evening,  after  the  noise 
of  the  hammer  and  saw  had 
ceased,  and  the  owner  bad 
come  and  gone  after  bestowing 
a  fond  look  on  his  palatial 
residence,  now  nearing  com- 
pletion, the  arch,  tired  of  sup- 
porting the  weight  that  was 
constantly  being  augmented, 
slowly  but  somewhat  rudely 
deposited  its  burden  on  the 
underlying  hard  stratum.  It 
was  in  vain  that  the  heavy 
stone  footings  and  foundation 
walls,  and  the  close-laid  brick- 
work in  cement  mortar  endeavored  to  resist 
the  effects  of  having  its  support  drop  from 
under.  As.  such  materials  were  neTer 
adapted  for  cantilevers,  they  failed,  in  this 
instance,  to  have  the  strength  of  such  a 
structural  member,  and  a  wide  break  ap- 
peared in  the  foundation  walls  and  then 
extended  to  the  heavy  water  table.  The 
arch  of  the  first  story  and  the  brickwork 
above  succumbed,  together  with  the  heavy 
stone  sill  of  the  second  story.  Then,  follow- 
ing the  line  of  least  resistance,  the  unsightly 
break  next  appeared  at  the  corner  of  the 
second-story  window  head  and  continued 
upward  to  the  plate. 

The  building  stood  thus  for  several  weeks, 
an  object  lesson  to  all  who  beheld  it,  and  an 
exemplification  of  the  old  saying  that  experi- 
ence is  a  dear  teacher  but  an  exceedingly 
good  one.    What  shall  be  done?  was  the 
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question  that  probably 
worried  the  architect  more 
than  it  did  the  owner. 
What  was  neceeeary  to  be 
done  in  order  to  remedy 
the  fault  can  better  be 
shown  than  described. 
The  days  passed  until,  after 
fourteen  or  more  had 
drifted  into  the  oblivion 
that  is  known  as  the  irre- 
coyerable  yesterday,  finally 
one  morning  the  sounds  of 
returning  activity  that 
could  be  heard  bore  testi- 
mony to  the  ttuci  that  some 
scheme  of  procedure  had 
been  decided  on  and  that 
the  architect  had  not 
donned  his  thinking  cap 
in  vain. 

From  the  manner  in 
which  the  workmen  com- 
menced on  the  handsome 
pile,  it  looked  for  a  while 
as  though  the  entire  build- 
ing was  to  be  torn  down. 
One  thing  certain  was  that 
the  owner  had  decided  that 
what  was  worth  doing  at 
all  was  worth  doing  well. 
The  chimney  came  down 
first,  and  was  followed  by 
the  demolition  of  the  side 
wall,  together  with  a  por- 
tion of  the  front  and  the 
supporting  foundation,  until,  as  shown  in 
the  illustration,  the   house   presented  an 
excellent    opportunity    for    the   study  of 
modem  building  construction  in  sectional 
elevation.    It  was  quite  evident,  from  the 
number  of  steel  rails  and  cement  barrels  and 
the  quantity  of  broken  stone  delivered  on 
the  ground,  that  a  grillage  foundation  was 
to  be  built  over  the  soil  that  had  proved  so 
treacherous  and  caused  disaster  to  the  build- 
ing.    The  rails  were  laid  lengthwise  and 
crossed  with  others  somewhat  shorter,  and . 
the  whole  was  imbedded  in  concrete  well 
tamped.    It  was  in  this  manner  that  the 
irresponsible  arch  of  earth  was  overlaid  by 
the  firm  composite  lintel  of  concrete  and 
steel  that  was  to  support  on  its  widespread 


The  Chimnby  Came  Down  Pirot,  and  Was  Followed  by  the  Demoli- 
tion OF  THE  Side  Wall,  Together  With  a  Portion  of  the  Front  " 

area  a  new  foundation  wall  of  brick  instead 
of  the  rubble  that  had  been  used  before. 
The  wall  was  relaid,  and  the  stone  sill,  chim- 
ney moldings,  and  pilaster  carefully  reset,  so 
that  no  vestige  of  the  accident  was  left.  The 
structure  thus  stands  supported  at  one  end 
by  a  spread  footing  on  a  wide  area  and  the 
remainder  of  the  building  on  the  foundation 
of  rubble  masonry,  as  first  constructed. 

This  arrangement  will  prove  satisfactory 
unless  excessive  settlement  takes  place,  in 
which  case  the  new  footings  will  not  settle 
uniformly  with  the  rest  of  the  building,  and 
its  pleasing  fa^e  may  yet  be  defaced  by 
those  inevitable  signs  of  structural  weakness, 
cracked  brickwork,  disjointed  arch,  and 
broken  sill. 
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CONDENSATION  IN  STEAM  PIPES 


Chas.  J.  Maeon 


Pbovisionb  fob  Taking  Garb  op  Condbhsation— By-Paj3S  Valvbb  and  Thbib  XJsbb 


CONDENSATION  of  the  steam  in  steam 
pipes  takes  place  owing  to  the  radiation 
of  heat  from  the  pipes;  even  when  the 
pipes  are  well  coyered  this  occurs  to  a  cer- 
tain extent,  and  some  disposition  most  he 
made  of  the  water  before  it  has  a  chance  to 
enter  the  engine  cylinders. 

In  small  plants  where  the  engine  is  not 
remote  from  the  boiler,  the  condensation 
usually  returns  to  the  boiler,  which  is  made 
possible  by  giving  the  pipe  a  "drop" 
toward  the  boiler;  the  water  will  naturally 
flow  to  the  lowest  point,  which  is  the  boiler 
itself.  Should  the  engine  be  on  the  same 
level  as  the  boiler,  or  even  lower,  necessi- 
tating a  vertical  drop  pipe  from  a  certain 
point  in  the  horizontal  steam  pipe,  then  the 
point  from  which  the  vertical  drops  should 
be  the  highest  in  the  horizontal  line;  this 
will  cause  the  water  of  condensation  to  flow 
to  the  boiler  instead  of  to  the  engine. 
There  should  also  be  a  drain  pipe  at  the 
base  of  the  vertical  pipe,  so  that  when 
about  to  start  the  engine  the  pipe  may  be 
cleared  of  water  before  the  throttle  valve  is 
opened.  This  drain  pipe  usually  leads  to  the 
sewer  or  some  other  outlet  for  the  water, 
because,  owing  to  this  pipe  being  used  only 
in  starting  the  engine,  it  is  not  usuaUy  con- 
sidered important  enough  to  be  connected 
with  the  feed  system,  as  is  the  case  with 
some  other  drain  pipes  in  use  in  large  plants. 
In  some  cases,  particularly  where  high- 
speed engines  are  in  use,  there  is  a  separator 
between  the  engine  stop-valve  and  the  base 
of  the  vertical  drop  pipe.  This  appliance, 
as  the  name  implies,  separates  the  water  of 
condensation  from  the  steam  before  it  passes 
into  the  cylinder,  and  it  also  intercepts  any 
slugs  of  solid  water  that  may  "lift''  from 
the  boiler  and  be  carried  along  with  the 
steam  in  the  pipe.  In  course  of  time  this 
separator  would  become  filled  with  water  if 
no  provision  were  made  to  constantly  drain 
all  water  that  it  contained.  This  is  accom- 
plished by  running  a  pipe  of  suitable  size 
from  the  base  of  the  water  side  of  the 
separator  to  an  apparatus  called  a  "trap.'' 
There  are  many  different  makes  of  traps  on 
the  market,  but  they  all  accomplish  the 
same  purpose— that  of  draining  ofl"  the  water 
and  at  the  same  time  preventing  the  escape 


of  steam.  The  mechanism  of  the  trap  is  so 
arranged  that  the  contained  water  opens  the 
outlet  and  drains  off  until  the  following 
steam  fills  the  trap  and  closes  the  outlet, 
thus  imprisoning  the  steam  until  it  in  turn 
condenses  and  is  ready  to  be  disposed  o£ 
Then  this  filling  and  emptying  of  the  trap, 
with  its  consequent  opening  and  dosing  <^ 
the  outlet,  is  altematdy  carried  on  as  long 
as  steam  is  in  the  pipe  to  which  the  trap  is 
connected.  The  condensation  thus  col- 
lected in  the  trap  usually  empties  into  a 
receiver  that  has  a  pump  attached;  this 
pump,  in  turn,  is  automatically  actuated 
and  controlled  by  the  quantity  of  water  in 
the  receiver.  When  the  water  rises  to  a 
certain  height  in  the  receiver,  a  float  within 
that  is  connected  externally  by  levers  and 
rods  to  the  throttle  valve  of  the  pump, 
opens  the  valve  and  starts  the  pump  that 
delivers  the  water  into  the  feed  system  of 
the  boilers.  As  the  water  is  gradually 
lowered  in  the  receiver,  the  float  follows 
and  closes  the  throttle,  stopping  the  pump 
until  a  new  supply  of  water  again  starts  it 

In  case  of  stoppage  occurring  through  the 
frdlure  of  any  of  the  parts  to  work  properly, 
or  if  it  is  necessary  to  temporarily  stop  the 
pump  to  make  repairs,  or  pack  the  rods,  etc, 
the  condensation  from  the  trap  may  be  by- 
passed into  the  sewer  through  a  valve  and 
connection  for  that  purpose.  Traps  and  re- 
ceivers are  used  where  the  engine  is  not 
sufSiciently  high  to  admit  of  the  water  flow- 
ing back  to  the  boilers  by  gravity. 

In  summing  up  the  foregoing,  the  follow- 
ing brief  statement  may  be  made:  Where 
possible,  condensation  frt>m  steam  pipes 
should  be  returned  to  the  boiler  by  force  of 
gravity ;  this  is  the  most  economical  method, 
because  no  mechanism  is  required  for  the 
operation  other  than  the  pipes  through 
which  it  flows  and  the  check  valve  to  pre- 
vent its  return.  Not  only  is  the  gravity 
system  desirable  on  account  of  its  econoinical 
feature,  but  also  because  of  its  simplicity  and 
the  certainty  of  action.  Where  the  gravity 
system  may  not  be  used,  the  trap,  receiver, 
and  pump  are  installed  to  deliver  the  water 
of  condensation  to  the  feed  system  of  the 
boilers.  In  both  systems  there  should  be, 
as  before  mentioned,  a  by-paas  to  the  sewer 
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or  some  other  each  place,  to  be  used  in  case 
of  the  derangement  of  any  of  the  parts,  or 
in  case  it  is  desired  to  entirely  drain  the 
main  pipe,  after  it  has  been  cat  out  of  service 
to  allow  repairs  to  be  made.  It  may  be  well 
to  explain,  for  the  benefit  of  the  non-tech- 
nical reader,  that  the  expression  ^'cutout  of 
seryice,"  jost  used,  is  not  meant  in  its  literal 
sense— that  of  actoally  catting  out  or  dis- 
connecting the  pipe;  but  it  is  to  be  taken  in 
the  sense  that  it  is,  for  the  time  being,  shut 
off  from  the  boilers. 

In  regard  to  the  design  of  the  main  steam 
pipe  for  plants,  it  may  be  said  that  two 
general  systems  are  in  use:  the  overhead, 
and  that  where  the  pipes  are  led  under  the 
floor  and  up  to  the  engine  at  the  point  of 
connection.  Each  of  these  systems  has  its 
advantages,  and  the  use  of  either  is  governed 
largely  by  the  local  conditions  and  surround- 
ings. 

In  the  overhead  system,  in  a  plant  having 
a  large  and  long  main  pipe  from  which  the 
condensation  is  drawn  off  through  several 
pipes  at  stated  distances  along  the  entire 
line,  the  water  of  condensation  may  be  re- 
turned to  the  boilers  by  the  force  of  gravity 
without  the  assistance  of  the  steam  loop. 
This  is,  of  course,  a  decided  advantage,  but 
it  is  considered  unsightly  to  have  a  network 
of  steam  pipes  exposed  to  view  in  the  engine 
room,  and  not  only  that,  but  valuable  space, 
which  in  some  instances  can  be  ill  afforded, 
is  thus  occapied.  In  large  plants  where  the 
various  parts  of  the  engine  are  handled  by 
an  overhead  traveling  crane  while  under 
repairs,  the  overhead  system  of  piping  seri- 
ously interferes  with  the  operation  of  the 
crane  and  in  some  instances  entirely  excludes 
its  use  for  certain  parts. 

In  the  second  system  referred  to  the 
condensation  is  trapped  to  a  receiver  and 
delivered  to  the  feed  system  as  previously 
explained.  Under  certain  conditions  it  may 
be  returned  by  gravity  through  the  medium 
of  the  loop,  but  even  in  that  case  it  is 
advisable  to  also  have  the  receiver  and 
pump  as  a  secondary  means  to  fall  back  on. 
In  the  below-floor  system  a  separator  would 
not  be  required  on  the  engine  cylinder,  for 
in  this  case  the  top  instead  of  the  base  of 
the  upright  pipe  is  connected  to  the  engine 
stop-valve,  and  consequently  the  water  will 
gravitate  to  the  bottom. 

In  large  plants  with  many  units  it  is  pref- 
erable to  install  the  below-floor  system 
where  conditions  fuUy  permit  of  so  doing; 
but  in  ordinary  and  small  plants  it  is 
seldom  or  never  done,  because  the  condi- 


tions rarely  warrant  it,  and  in  some  instances 
it  would  be  entirely  unprofitable  to  install 
sach  a  system. 

Aside  from  the  selection  of  one  of  the  two 
systems  above  mentioned  for  a  prospective 
plant,  the  actual  design  of  the  piping  will 
depend  on  the  relative  positions  of  the 
boilers  and  engines,  and  also  on  the  number 
of  each  of  them.  No  hard-and-fast  rules 
can  be  laid  down  for  an  installation,  and 
usually  this  is  left  to  the  judgment  of  the 
designer.  There  are  a  few  things,,  however, 
that  should  be  observed  in  the  design  of 
piping,  and  they  are  applicable  to  either 
system,  independent  of  the  relative  positions 
of  the  boilers  and  engines  or  of  the  symmetry 
of  the  plant. 

The  allowance  for  expansion  and  subse- 
quent contraction  must  be  considered  in  the 
design.  As  to  which  method  of  taking  care 
of  the  expansion  is  to  be  adopted,  depends 
largely  on  the  choice  of  the  designer  and 
also  on  the  general  layout  of  the  plant.  In 
some  instances  the  expansion  will  be  taken 
care  of  by  the  many  changes  in  the  direction 
of  the  pipe,  made  necessary  by  the  location 
of  the  engines,  without  having  recourse  to 
special  methods.  The  condensation  and  the 
method  by  which  it  is  to  be  disposed  of  must 
also  be  considered  with  a  view  of  attaining 
the  best  results. 

Piping  should  be  as  straight  and  direct  as 
possible,  with  the  exception  of  the  part  that 
admits  of  expansion,  for  the  greater  the 
number  of  turns  and  bends  the  more  re- 
stricted will  be  the  flow  of  steam  through 
the  pipe.  There  should  be  a  gradual  reduc- 
tion in  the  size  of  a  main  steam  pipe  toward 
the  end  farthest  from  the  boiler,  to  allow  for 
the  reduced  density  of  the  steam  at  that  point, 
owing  to  the  condensation  that  is  constantly 
taking  place.  Of  course,  it  will  be  under- 
stood that  due  allowance  must  be  made  when 
designing  a  pipe  to  admit  of  this  reduction 
of  area  being  made  without  impairing  the 
usefulness  of  the  pipe  by  stinting  the  engine 
of  the  required  quantity  of  steam. 

The  following  rule  relative  to  the  proper 
size  of  steam  pipes  is  occasionally  seen  in 
engineering  literature:  **To  find  the  area  of 
a  steam  pipe,  multiply  the  area  in  inches  of  the 
engine  cylinder  by  the  speed  of  tfie  piston  in  feet 
per  minutSf  and  divide  the  product  by  the  mean 
velocity  of  the  steam  in  tlie  pipe,  which  is  taken 
as  6,000  feet  per  minute,'* 

Expressed  as  a  formula,  it  is: 

Area  of  pipe  =» 
area  of  cylinder  In  inches  x  piston  speed  In  ftper  mln. 
"        6.000  • 
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and  from  this  the  diameter  of  the  pipe  can 
be  obtained  by  a  simple  calculation. 

Care  should  be  taken,  in  the  placing  of 
valves  in  the  main  steam  pipe,  not  only  to 
attach  a  sufficient  number  but  to  locate 
them  with  due  legard  to  existing  conditions 
and  requirements.  It  should  also  be  borne 
in  mind  that  the  best  is  none  too  good,  when 
it  is  considered  how  important  a  junction, 
that  of  a  valve  is.  No  valve  that  has  any 
chance  of  becoming  internally  deranged 
should  be  admitted  into  the  construction  of 
a  main  steam  pipe.  A  mere  loosening  of  a 
nut  within  may  cause  considerable  damage 
and  make  the  entire  valve  inoperative. 

Concerning  the  number  of  valves  incorpo- 
rated in  a  pipe,  it  may  be  said  that  enough 
should  be  admitted  to  provide  for  and  pro- 
tect against  any  contingency  that  may  arise. 
It  should  not  be  necessary  to  depend  on  any 
one  valve  in  a  line  of  piping;  any  part  of  the 
pipe,  the  boiler,  the  engine,  or  any  attach- 
ments should  be  accessible  for  hurried  repairs 
by  having  a  sufficient  number  of  valves  to 
operate.  Especially  is  this  applicable  to  a 
large  plant  where  the  shutting  down  of  all 
the  machinery,  in  order  to  make  a  repair  to 
any  unit,  means  a  heavy  loss  to  owner  and 
employes  alike. 

In  plants  having  large  and  long  main 
pipes,  the  valves  should  be  equipped  with 
smaller  valves,  termed  by -pass  valves;  these, 
as  the  name  implies,  permit,  when  opened, 
the  steam  to  pass  by  the  main  valve  without 
opening  it.  The  object  of  these  valves  is  to 
permit  a  reduced  volume  of  steam  to  circu- 
late through  the  pipe,  as,  for  instance,  when 


'* warming  up''  before  cutting  that  par- 
ticular section  of  pipe  into  actual  service. 
The  operator  has  much  greater  control  of 
the  steam  through  the  medium  of  these  by- 
pass valves  than  he  could  possibly  have 
with  the  main  valves,  and  therefore  the 
element  of  danger  is  considerably  lessened 
if  not  entirely  obliterated  by  their  use. 
When  it  is  remembered  that  much  danger 
attends  the  admitting  of  a  large  quantity  of 
steam  into  a  pipe  of  large  diameter  and  great 
length,  where  the  pipe  has  not  been  in  nse 
for  a  period,  the  utility  of  the  by-paas  valve 
can  readily  be  seen.  The  writer  has  seen 
instances  where  it  has  taken  ten  hours  to 
warm  up  a  steam  pipe  before  it  was  con- 
sidered safe  to  open  the  main  valve  and 
admit  the  full  volume  and  pressure.  The 
pipe  referred  to  was  20  inches  in  diameter 
and  several  hundred  feet  in  length. 

The  boiler  stop-valves  should  not  always 
be  placed  on  or  dose  to  the  boiler;  the  prevail- 
ing idea  with  engineers  is  that  they  should. 
Suppose,  for  instance,  that  a  number  of  bat- 
teries of  boilers  are  connected  by  smaller 
pipes  to  one  or  two  large  mains  that  are  con- 
siderably higher  than  the  highest  point  of 
the  boilers ;  in  that  case  the  stop- valve  should 
be  placed  at  the  point  where  the  boiler  pipe 
connects  with  the  main.  The  reason  for 
placing  the  valve  at  this  end  instead  of  at 
the  boiler  end  is  to  preclude  the  possibility 
of  the  riser  pipe  becoming  filled  with  water 
of  condensation,  which,  in  such  a  place, 
would  cause  other  evils.  Hence,  it  will  be 
seen  that  all  these  points  must  be  seriously 
considered  in  the  design. 
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THE  number  of  passengers  carried  dur- 
ing the  year  ending  June  30,  1899,  as 
shown  in  the  annual  reports  of  rail- 
ways, was  523,176,508,  an  increase  for  the 
year  of  22,109,827.  The  number  of  pas- 
sengers carried  1  mile — that  is,  passenger 
mileage— during  the  year  was  14,591,327,613, 
an  increase  in  this  item  of  1,211,397,609. 
There  was  an  increase  in  the  density  of  pas- 
senger traffic,  as  the  number  of  passengers 
carried  1  mile  per  mile  of  line  in  1899  was 
77,821,  and  in  1898  it  was  72,462. 

The  number  of  tons  of  freight  carried 
was  959,763,583,  an  increase  of  80,757,276 
tons.  The  number  of  tons  of  freight  carried 
1  mile— that  is,  ton  mileage— was  123,667,- 
257,153.     The  increase  in  the   number  of 


tons  carried  1  mile  was  9,589,680,848.  The 
number  of  tons  carried  1  mile  per  mile  of 
line  was  659,565.  These  figures  show  an 
increase  in  the  density  of  freight  traffic  of 
41,755  tons  carried  1  mile  per  mile  of  line. 
The  average  revenue  per  passenger  per 
mile  for  the  year  ending  June  30, 1899,  was 
1.925  cents;  for  the  preceding  year  it  was 
1.973  cents.  The  revenue 'per  ton  of  freight 
per  mile  was  .724  cent,  while  for  1898  it  was 
.753  cent.  An  increase  in  mUeage  earnings 
is  shown  for  both  passenger  and  freight 
trains.  The  average  cost  of  running  a  train 
1  mile  increased  nearly  3  cents  as  compared 
with  1898.  The  percentage  of  operating 
expenses  to  earnings  shows  a  slight  decrease 
as  compared  with  the  previous  year. 
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Effects-  of  High  Resistance  or  Bad  Joints  in  the  Equalizer— Running  Machines  of 
Different  Capacities  in  Parallel— Effects  of  Differences  in  CJonstruction 


A  GLANCE  at  the  conditions  in  hand  will 
show  how  important  it  is  that  the 
equalizer  be  ample  in  size  and  free  from 
bad  joints,  so  that  its  resietance  may  be  so  low 
as  not  to  influence  the  value  of  the  equalizing 
current .  Fig.  5  is  the  same  as  Fig.  4,  except 
that  most  of  the  devices  have  been  left  out  to 
simplify  the  sketch.  Suppose  the  No.  1 
dynamo  to  be  in  service,  but  the  K^  line 
switch  to  be  out  and  the  equalizer  switch  in. 
The  current  from  the  No.  1  dynamo  then 
splits  when  it  gets  to  point  Oi;  part  of  it 
takes  the  path  Oi-Fi-X^-Xi  through  the 
No.  1  series  field,  and  part  takes  the  path 
Oi-K-Oi-FyXj  through  the  No.  2  series  field. 
If  the  resistance  of  the  two  paths  is  the 
same,  the  current  through  each  will  be  the 
same;  that  is  to  say,  if  the  resistance  of  JF\ 
and  that  of  the  stretch  of  positive  bus-bar  in 
between  the  points  Xi,  X^  where  the  two 
dynamo  'mains  are  tapped  on,  is  equal  to 
the  resistance  of  the  F^  field  and  that  of  the 
equalizer  Oi  O2.  the  same  current  will  go 
through  both. 

In  practice,  the  positive  and  negative 
busses  are  such%eavy  bars  of  copper,  and  the 
dynamo  mains,  where  there  are  only  two, 
are  tapped  on  so  dose  together  that  the 
resistance  of  the  intervening  stretch  of  bus- 
bar is  practically  nothing,  so  the  actual 
requirements  reduce  themselves  to  the  con- 
dition that  the  equalizer  be  made  so  large 
that  its  resistance,  added  to  that  of  F^,  shall 
be  the  same  as  that  of  ^3  alone;  or  added  to 
that  of  Ff,  the  total  shjedl  not  appreciably 
exceed  that  of  Fi  alone.  In  other  words, 
the  equalizer  must  be  so  liberal  in  Gross- 
section  that  its  resistance  shall  be  practi- 
cally zero,  in  which  case,  on  machines 
whose  series  fields  are  of  the  same  capacity 
and  resistance,  the  equalizing  current  will  be 
the  same  whichever  way  it  may  flow,  under 
the  condition  that  one  line  switch  be  open. 
As  long  as  one  line  switch  is  open,  the  rela- 
tive resistance  of  the  two  field  circuits  alone 
decide  how  much  of  the  total  current  each 
will  take.  A6  soon  as  both  line  switches  are 
in,  however,  the  relative  potentials  of  the 


two  ends  of  the  equalizer  play  a  part,  but 
the  relative  resistances  still  hAve  a  strong 
influence;  for  let  the  resistance  of  the  equal- 
izer be  very  high;  as  stated  before,  the  current 
through  the  equalizer  is  due  to  a  diflerence  of 
potential  between  its  two  ends,  irrespective 
of  what  the  polarity  of  this  diflerence  may 
be.  The  amount  of  current  that  any  given 
diflerence  of  potential  can  send  through  a 
given  wire  depends  on  the  resistance  of  that 
wire.  When  the  equalizing  current  flows 
toward  the  No.  1  dynamo,  its  resistance  adds 
to  that  of  the  F^  field,  and  when  it  flows 
toward  the  No.  2  dynamo,  it  adds  its  resist- 
ance to  that  of  the  F2  field.  In  either  case, 
the  given  potential  diflerence  at  the  ends  of 
the  equalizer  cannot  send  as  much  current 
through  it  as  it  could  if  the  resistance  of  the 
equalizer  were  lees,  so  it  follows  that  the 
series-field  current  of  the  lagging  machine 
cannot  get  as  much  of  a  boost,  and  there- 
fore the  equalization  is  not  good. 
.  With  the  switch  K  open,  the  resistance 
of  the  equalizer  is  infinite,  so  that  there  is 
no  equalization  at  all.  With  an  equalizer 
whose  cross-section  is  6  or  8  times  that  of 
the  wire  used  in  the  fields,  and  as  short  as 
possible,  equalization  is  as  perfect  as  the 
equalizer  can  make  it.  There  is  no  reason 
why  the  resistance  of  the  device  cannot  be 
brought  down  to  a  negligible  value,  just  as 
that  of  the  bus-bars  is. 

The  importance  of  liberality  in  equalizer 
desigA  seems  to  have  been  overlooked  in 
many  cases,  and  at  times  it  has  been  neces- 
sary to  resort  to  hand  regulation.  It  must 
be  borne  in  mind  that  the  resistance  of  a 
series  field  itself  is  quite  low,  so  that  it  is 
not  a  hard  matter  for  a  small  equalizer,  or  a 
bad  joint  in  a  large  one,  to  put  an  appre- 
ciable additional  resistance  in  the  path  of 
the  equalizing  current  and  thereby  impair 
the  equalization.  It  is  a  very  interesting 
experiment  to  connect  a  low-resistance  am- 
meter across  the  equalizer  switch  and  then 
open  the  switch  and  watch  the  antics  of  the 
current.  If  the  zero  point  of  the  meter  is  in 
the  center  of  the  scale,  so  that  the  needle  is 
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free  to  go  from  one  side  of  zero  to  the  other, 
so  mach  the  better;  sometimeB  it  will  show 
the  carrent  to  be  flowing  in  one  direction  and 
sometimes  in  the  ther,  and  sometimes  there 
is  no  flow  at  all. 

The  above  talk  is  right  in  line  with  the 
second  condition,  under  which  compound- 
wound  dynamos  can  be  run  together  in  mul- 
tiple, even  if  they  are  not  of  the   same 


Ki 


j^fYW 


V 


\ 


^^-JSr^f^m^ 


Fig.  5 

capacity;  that  ia  to  say,  by  means  of  the 
equalizer,  a  lOO-horsepower  dynamo  can  be 
run  alongside  of  a  26-horsepower  dynamo, 
and  each  will  take  its  proportionate  share 
of  the  load,  whatever  that  load  may  be. 
However,  one  important  condition  must  be 
fiilfiUed;  the  condition  is  this:  If  two  com- 
pound-wound dynamos  of  different  sizes  are 
to  be  run  together,  in  order  that  each  shall 
take  its  own  share  of  all  loads,  the  resistances 
of  the  series  fields  must  be  inversely  pro- 
portional to  the  capacities  of  the  dynamos. 
In  other  words,  if  the  resistance  of  the  series 
field  on  a  lOO-horsepower  dynamo  is  i  ohm, 
the  resistance  of  the  series-field  on  a  50-horse- 
power  dynamo  with  which  it  is  to  equalize 
(hould  be  twice  as  much,  or  1  ohm;  that  of 
a  25-horsepower  dynamo  should  be  four 
times  as  much,  or  2  ohms,  because  its  capac- 
ity is  only  one-fourth  that  of  the  larger 
one. 

As  a  rule,  where  several  sizes  of  machines 
are  turned  out  by  the  same  designers,  this 
proportionality  in  the  resistances  of  the 
series  field  is  observed  so  that  the  machines 
will  equalize  all  right  as  dynamos;  but  where 
it  is  tried  to  run  together  two  dynamos  of 
different  types,  or  not  made  by  the  same 
company,  in  the  majority  of  cases  they  will 
refuse  to  share  the  load  right.  It  is  not 
intended  to  convey  the  idea  that  if  the  series- 
field  resistances  are  properly  proportioned 


the  two  dynamos  are  bound  to  equalize,  for 
this  is  not  so.  In  dealing  with  machines 
of  different  types  and  makes,  one  is  apt  to 
run  against  one  other  and  more  serious 
difficulty,  to  be  taken  up  later. 

If  the  want  of  proportionality  in  the  series 
fields  is  theonly  reason  why  the  two  dynamos 
do  not  equalize,  the  trouble  can  be  remedied 
in  short  order.  Let  the  capacity  of  ^  i.  Fig.  5 , 
be  twice  that  of  A^,  Suppose,  for  sim- 
plicity, that  the  resistance  of  the  equalizer  is 
zero;  suppose  also  that  the  F^  and  F,  fields 
are  of  the  same  resistance.  As  soon  as  £*  is 
closed,  the  two  fields  will  take  equal  current, 
if  one  of  the  dynamos  only  is  on  the  load. 
Since  the  wire  with  which  the  field  on  the 
smaller  dynamo  is  wound  is  much  smaller 
than  that  on  the  larger  dynamo,  the  current 
that  flows  through  F,  when  K  is  dosed,  with 
Ay  in  service,  might  be  sufficient  to  injure  F,, 
even  though  K^  might  never  be  closed  to 
allow  J  2  to  do  any  work.  Further,  if  F^ 
and  F^  have  the  same  number  of  turns  in 
them,  the  field  of  the  small  dynamo  will  be 
disproportionately  stronger  than  that  of  the 
larger  one,  on  account  of  the  disproportion- 
ately larger  current  flowing  through  it  If, 
as  is  apt  to  be  the  case,  the  smaller  fidd 
has  more  turns  in  it  than  the  larger  one, 
the  disproportion  is  even  greater.  In  either 
case,  for  all  loads,  the  smaller  dsmamo 
tends  to  overload  itself,  and  the  equalizer  is 
never  idle.  To  make  the  two  machines 
share  the  load  in  anything  like  the  right 
proportion,  one  of  two  things  must  be  done: 
the  field  rheostat  on  the  smaller  dynamo 
must  be  constantly  changAl  by  hand,  to 
meet  the  requirements  of  the  shifting  load, 
or  the  series  field  of  the  smaller  dynamo 
must  have  put  in  series  with  it  a  resistance 
that  will  estabh'sh  the  proper  ratio  between 
the  two  windings. 

On  circuits  that  are  subjected  to  sudden 
and  violent  fluctuations  in  load,  as  on  a  rail- 
way circuit,  hand  control  would  be  out  of 
the  question,  as  the  belts  would  give  a  great 
deal  of  trouble.  Aside  from  this,  there 
would  be  lost  the  most  valuable  property  of 
a  compound-wound  dynamo—its  automatic 
regulation — ^fora  compound-wound  dynamo 
will  regulate  for  constant  potential  only 
when  the  field  rheostat  is  adjusted  for  nor- 
mal voltage  on  open  circuit  once  for  all,  and 
left  in  that  position,  the  series-winding  pro- 
viding the  additional  voltage  necessary  to 
look  after  load  losses.  The  best  way  to  even 
things  up  is  to  insert  a  resistance  where  it 
will  establish  the  condition  that  the  series- 
field  resistances  shaU  be  inversely  proper- 
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lional  to  the  oatpata    of   the  respectiye 

Afl  an  actual  eKample,  sappoee  that  Ai  has 
a  rated  carrent  oatpnt  of  300  amperes  and 
A^  a  rated  carrent  oat]mt  of  100  amperes; 
let  the  resiatance  of  the  Ai  Beriee  field  be 
.002  ohm;  what  should  be  that  of  J,  in  order 
for  the  two  machines  to  equalize  properly? 
Since  the  carrent  of  J,  is  one-third  that  of 
A  I,  the  field  resistance  of  J,  must  be  three 
times  that  of  J 1,  or  3  X  .002  ohm  =  .006  ohm. 
Sappose  that,  instead  of  being  .006,  as  it 
onght  to  be,  it  is  only  .0042  ohm;  in  this 
case  it  will  be  necessary  to  put  in  series  with 
the  Aj  series  field  a  resistance  of  .006  —  .0042 
=  .0018  ohnL  This  extra  resistance  brings 
the  resistance  of  the  J,  field  ap  to  what  it 
ought  to  be,  i.  e.,  .006  ohm.  The  resistance 
must  be  of  ample  size  to  stand  the  current 
without  heating,  and  must  be  inserted  at 
some  such  point  as  y  or  2,  so  that  it  will  not 
be  in  the  path  of  any  equalizing  current  that- 
might  pass  from  the  A^  dynamo  to  the  field 
of  the  Ai,  On  the  other  hand,  if  the  field 
resistance  of  J,  is  too  great  or  that  of  Ji  loo 
small,  the  extra  resistance  must  be  placed  in 
the  field  of  ^i  at  some  such  point  as  a:,  or 
between  Fi  and  JT,  where  it  cannot  be  in  the 
way  of  an  equalizing  current  passing  from 
A^  to  F,. 

The  third  condition  under  which  com- 
pound-wound dynamos  are  often  run  in  mul- 
tiple, and  the  condition  under  which  they 
do  not  share  the  load  well,  nor  can  they  be 
made  to  do  so  without  going  to  great  expense, 
is  where  the  two  machines  are  entirely  dif- 
ferent in  nature,  due  to  difference  in  design 
and  material  of  construction.  The  two 
machines  may  be  of  the  sfjne  output  and 
their  series  fields  may  measure  the  same,  and 
still  they  will  refuse  to  share  properly  a 
variable  load.  This  is  due  to  a  difference  in 
the  character  of  the  magnetic  circuits  of  the 
two  dynamos,  whereby  a  given  increase  in 
magnetizing  current  causes  more  increase  in 
voltage  on  one  dynamo  than  it  does  on  the 
other.  As  an  extreme  case,  suppose  that 
one  dynamo  is  made  of  cast  iron  and  the 
other  of  wrought  iron,  and  that  at  some  par- 
ticular total  load  they  share  the  load  prop- 
erly. It  is  a  well-known  fact  that  a  given 
magnetizing  force  will  send  more  lines  of 
force  through  a  wrought-iron  path  than  it 
will  send  through  a  cast-iron  one,  because 
wrought  iron  offers  less  resistance  to  the 
fiow  of  lines  than  cast  iron. 

It  is  also  a  fact  that  the  more  lines  of 
force  there  are  going  through  a  piece  of  iron, 
the  harder  it  is  to  get  any  more  through  it 


— the  iron  gets  in  a  condition  called  acUura- 
Hon,  Now,  cast  iron  reaches  Its  point  of 
saturation  much  sooner  than  a  piece  of 
wrought  iron  of  the  same  dimensions,  and, 
also,  whatsoever  the  relative  dimensions 
may  be,  the  cast  iron,  almost  in  every  con- 
dition or  stage  of  its  passage  from  the 
residual  state  to  the  state  of  saturation, 
changes  its  magnetism  under  a  given  change 
in  the  magnetizing  current  at  a  different  rate 
from  what  wrought  iron  does.  Also,  one 
metal  holds  its  residual  magnetism  better 
than  the  other  metal  does.  The  final  result 
of  such  a  great  difference  in  the  magnetic 
character  of  the  two  machines  is  that  if  an 
equalizing  current  of  5  amperes  passes  to  one 
machine,  it  may  send  its  voltage  up  20  or 
30  volts,  while  an  equalizing  current  of 
5  amperes  through  the  machine  made  of 
poorer  iron  might  send  its  voltage  up  only 
5  or  10  volts,  and  perhaps  less.  The  machine 
whose  magnetism  responds  most  freely  to  a 
given  increase  in  the  magnetizing  current  is 
the  one  that  tries  to  take  more  than  its  share 
of  the  load. 

How  great  will  be  the  difference  in  the 
effect  that  a  given  equalizing  current  will 
have  on  the  voltages  of  the  two  machines 
will  depend  on  how  near  the  magnetic 
circuits  are  to  saturation,  and  therefore  on 
bow  much  of  a  load  the  two  dynamos  are 
carrying.  In  cases  where  the  two  dynamos 
are  so  unlike  that  they  will  not  equalize 
the  load,  it  is  the  custom  to  keep  an  eye 
on  the  field  rheostat  of  the  machine  that 
shows  the  most  tendency  to  overload  and 
give  it  a  turn  when  necessary;  but  under 
this  condition  it  is  impossible  to  get  any- 
where near  the  benefit  of  the  full  output 
of  both  machines,  because  when  run  near 
full  load  a  sudden  variation  is  certain  to 
throw  a  belt  It  is  a  much  better  plan  to 
dispense  with  the  use  of  the  series  fields 
entirely  and  run  the  machines  as  simple 
shunt  dynamos.  They  will  not  then  call 
for  so  much  care  and  attention. 

As  stated  before,  in  order  to  throw  a 
compound-wound  dynamo  into  service  with 
other  dynamos  already  under  load,  its  shunt- 
field  switch  is  closed,  its  voltage  adjusted 
to  normal  value  by  means  of  the  field 
rheostat,  the  equalizer  switch  closed,  and 
last,  the  line  switch  is  closed.  To  take  the 
dynamo  out  of  service,  the  reverse  order 
is  followed:  the  line  switch  is  pulled  first, 
then  the  equalizer  switch,  and  last  the  field 
switch.  Under  no  circumstances  must  the 
shunt-field  switch  be  pulled  while  the  line 
switch  is  in,  if  there  are  other  dynamos 
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on  the  load,  for  such  a  move  reduces  the 
voltage  of  the  machine  far  below  the  point 
where  the  equalizer  can  supply  the  defi- 
ciency, with  the  result  that  the  line  backs 
a  current  through  the  machine,  runs  it  as  a 
motor,  and  in  some  cases  tears  things  up  in 
general.    The  same  effects  are  caused  some- 
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times,  but  to  a  less  degree,  by  putting  in  the 
line  switch  ahead  of  the  equalizer  switch, 
when  a  dynamo  is  cut  in;  or  by  pulling  the 
equalizer  switch  ahead  of  the  line  switch 
when  a  dynamo  is  to  be  cut  out.  It  must 
be  borne  in  mind  that  in  either  case  the 
machine  has  only  its  shunt  field  to  defend 
its  claim  to  a  part  of  the  load,  and  the 
shunt  field  is  adjusted  to  give  normal  voltage 
only  on  open  circuit,  and  cannot,  therefore, 
supply  normal  voltage  under  any  load. 
Also,  if  the  dynamos  are  comx>onnded  to 
keep  the  voltage  normal  and  constant  at 
some  point  out  on  the  line,  the  voltage  across 
the  bus-bars  will  be  more  than  normal, 
because  the  loss  on  the  line  between  the 
bus-bars  and  the  removed  point  of  constant 
potential  must  be  looked  after.  The  final 
effect  of  closing  the  line  switch  before,  or 
opening  it  after,  that  of  the  equalizer,  is, 
then,  to  throw  the  dynamo  in  on  a  line 
voltage  that  is  higher  than  its  own  voltage 
and  thereby  to  run  the  chances  of  the 
dynamo's  being  motored.  Aside  from  the 
chance  that  the  dynamo  stands  of  being  run 
as  a  motor,  it  is  subjected .  to  the  usual 
liability  of  causing  a  belt  to  be  thrown  by 
the  violent  changes  and  shirking  in  the 
load  that  always  attend  any  attempt  to  run 
two  compound- wound  dynamos  in  multiple 
without  an  equalizer,  or  rigid  connection. 

Another  cause  that  will  lead  to  a  dynamo 
being  reversed  and  run  as  a  motor  and  in 
very  short  order  with  a  series  of  demonstra- 
tions that  will  leave  no  room  for  doubt  in  the 


mind  as  to  what  is  the  matter  if  it  has  ever 
been  seen  before,  is  a  reversal  of  the  series- 
field  connections.  We  have  learned  that 
the  reversal  of  the  series  field  on  a  dynamo 
that  is  alone  on  the  circuit  wUl  result  in  the 
machine's  refusal  to  take  a  load,  because 
the  main-line  current  acting  through  the 
agency  of  the  reversed  series  coils  neutralizes 
a  portion  of  the  lines  of  force  provided  by 
the  shunt  coils,  with  the  result,  to  use  a 
paradoxical  expression,  that  the  voltage  is 
pulled  down  as  fast  as  it  is  built  up. 

In  Fig.  6,  the  series  field  F^  is  shown  to  be 
reversed,  so  that  the  current  either  from  its 
own  armature  or  from  the  equalizer  will  jmss 
into  it  at  the  wrong  end.  If,  on  actual 
dynamos,  the  two  ends  of  the  series  coils 
were  as  far  apart  as  they  are  shown  to  be  in 
the  figure,  there  would  be  very  little  chance 
of  getting  them  confused ;  but,  as  a  matter  of 
fact,  the  two  ends  are  brought  out  to  blocks 
that  are  right  alongside  of  each  other,  so 
that  if,  for  any  reason,  it  has  been  necessary 
to  disconnect  the  ends,  it  is  not  a  hard 
matter  to  get  them  back  wrong.  Suppose, 
in  Fig.  6,  that  A^  is  on  the  load  and  that  J, 
must  be  thrown  in.  The  voltage  of  ^i  is 
brought  up  to  its  normal  value;  the  reversed 
series  winding  does  not  appreciably  interfere 
with  doing  this,  for,  in  Fig.  4,  although  the 
shunt-field  current  goes  through  the  eeries 
coils,  this  current  is  so  small  and  the  number 
of  series  turns  so  small  compared  to  the 
number  in  the  shunt  field,  that  their  opposing 
effect  is  not  felt.  As  soon,  however,  as  the 
equalizer  switch  is  closed,  the  equalizing  car- 
rent  from  the  No.  2  dynamo  goes  through 
the  Fx  field  backward,  so  that  instead  of 
building  up  the  yoltage  of  A^  for  the  load,  it 
pulls  it  down  to  a  value  much  below  normal, 
and  the  effect  of  closing  line  switch  K^  is  to 
run  Ax  as  a  motor. 

Dynamos  of  today  are  so  designed  that  with- 
out shifting  the  brushes  they  will  run  firom 
no  load  to  full  load,  and  in  some  cases  even 
overload  with  little  or  or  no  sparking.  Otiier 
machines,  if  the  brushes  are  run  well  ahead, 
to  suit  the  non-sparking  conditions  of  a  load, 
will  spark  badly  if  for  any  reason  the  load 
should  go  off  with  the  brushes  in  this  posi- 
tion, and  in  some  cases  will  even  flash  over 
from  one  brush  holder  to  the  next  one  of 
opposite  sign.  Such  t)ehavior  can  be  very 
much  modified  by  adjusting  the  brushes 
as  follows:  When  the  voltage  is  being 
adjusted  to  normal  value  with  the  line 
switch  open,  the  brashes  should  be  mn  as 
far  ahead  in  the  direction  of  rotation  as 
sparking  will  permit.    Let  the  brushes  spark 


Digitized  by  V^OOQIC 


PLUMBERS'  SOIL 


503 


on  no  load  as  much  as  yon  dare;  then  as  the 
load  goes  on  the  sparking  will  disappear  and 
will  not  occur  within  a  wide  load  range. 

If  a  fuse  blows  or  a  circait-breaker  flies  out, 
or  for  any  other  reason  the  load  gets  suddenly 
dumped,  you  know  exactly  how  much  spark- 
ing to  expect.  This  precaution  is  especially 
usefal  on  carbon-brush  500-yolt  street-railway 
dynamos,  whose  load  fluctuations  are  sudden 
and  violent.  It  will  not  take  a  good  dynamo 
tender  long  to  find  out  that  if  the  brushes 
are  shoved  ahead  after  the  voltage  is  adjusted 
to  normal  value,  the  voltage  will  have  to  be 
adjusted  again  by  means  of  the  field  rheostat, 
because  the  effect  of  moving  the  brushes  out 
of  the  no-load  neutral  point  is  to  change  the 
no-load  voltage.  After  readjusting  the  volt- 
age, it  may  be  necessary  to  change  the  brush 
lead  again;  they  may  spark  too  much  or  too 
little,  and,  therefore,  in  the  last  case,  admit 
of  more  lead  and  better  load  regulation. 

The  effect  of  the  brush  lead  on  the  dyna- 
mo's voltage  becomes  a  great  deal  stronger 
as  the  machine  takes  a  load.  This  fact  forms 
the  basis  of  one  of  the  most  deceiving  *  *  bugs ' ' 
that  can  happen  to  a  dynamo,  whether  it 
be  a  series-,  shunt-,  or  compound-wound 
machine,  and  the  ''bug"  takes  place  as 
follows:  There  is  considerable  friction 
between  the  brushes  and  the  moving  com- 
mutator, so  that  the  latter  tries  to  drag  the 
brashes  around  in  the  same  direction  as  it  is 
turning;  if  the  rocker-arm  happens  to  be 
loose,  so  that  it  is  free  to  turn,  it  will  be 
dragged  around  slowly.  The  first  symptom 
of  such  a  condition  is  that  the  brashes  begin 
to  spark  badly;  as  they  move  on  around 
away  from  the  non-sparking  point,  they 
spark  worse,  the  voltage  on  the  machine 
works  down,  the  load  works  off,  and  the 
next  thing  that  happens  is  a  big  explosion 
at  the  brushes.  So  great  is  the  effect  that  a 
change  in  the  brush  lead  has  on  a  machine's 
voltage  that  sometimes  when  compounding 
machines  in  the  testing  room,  the  tester  will 
get  within  5  or  10  volts  of  what  he  wants 
and  then  do  the  rest  by  shifting  the  brushes. 


This  is  a  very  bad  thing  to  do,  for  the  chances 
are  that  the  brushes  are  finally  left  in  a  place 
from  which  they  will  have  to  be  moved  as 
the  load  goes  off,  to  avoid  an  explosion. 
Where  there  are  two  or  more  compound- 
wound  dynamos  on  the  same  load,  the  posi- 
tion of  maximum  lead  and  normal  voltage 
on  open  circuit  should  be  marked  on  the 
rocker-arms  so  that  all  of  the  brush  leads 
may  always  be  the  same  in  relation,  and  so 
that  if  one  of  the  arms  moves  it  can  be  seen 
at  a  glance.  The  commutators  should  be 
kept  in  good  condition,  and  where  the 
machine  has  a  shunt  on  the  series  field, 
the  shunt  connections  should  be  kept  per- 
fect. 

This  article  would  not  be  complete  without 
touching  on  one  condition  where  compound- 
wound  dynamos  can  be  run  in  multiple 
without  an  equaliser.  A  station  full  of 
compound- wound  dynamos  all  in  multiple 
can  be  regarded  as  a  single  large  compound- 
wound  dynamo,  and  as  such  can  be  run 
on  the  same  load  and  in  multiple  with 
another  station  full  of  compound- wound 
dynamos,  provided  either  of  two  conditions 
obtain:  (1)  There  must  be  an  equalizer 
run  between  the  two  stations,  the  same 
as  it  is  run  between  any  two  compound- 
wound  dynamos;  (2)  the  resistance  in  the 
line  and  ground  return  between  the  two 
stations  must  be  abnormally  high.  Where 
the  two  stations  are  any  distance  apart, 
fulfilment  of  the_  first  condition  would  be 
out  of  the  question,  because  the  equalizer 
would  cost  too  much.  The  second  condition 
has  been  fulfilled  several  times,  and  stations 
thrown  on  to  the  same  load  ran  smoothly, 
but  of  course  such  conditions  are  not  econom- 
ical and  would  never  be  subscribed  to  as 
a  feature  of  an  original  design.  The  theory 
involved  in  the  possibility  of  such  running 
is  that  the  line  resistance  is  so  high  that 
even  if  one  station  were  shut  down  and 
all  of  its  line  switches  left  in,  there  could 
be  no  excessive  fiow  of  current  from  the 
other  station. 


PLUMBERS'  SOIL 


MOST  plumbers  prefer  to  buy  their  soil 
already  prepared;  some,  however, 
choose  to  make  it  themselves,  which 
is  done  in  the  following  way:  A  package 
of  lampblack  is  mixed  with  water  into  a 
mortar;  a  kettle  containing  about  a  quart  of 
water  and  a  tablespoonful  of  good  glue  is 
heated  until  the  glue  is  melted,  when  the 
liquid  is  poured  into  the  lampblack  mortar 


and  the  whole  well  stirred  for  about  an  hour 
while  it  is  boiling.  When  cold,  the  soil 
should  be  of  about  the  consistency  of 
gelatine. 

This  mixture  may  be  tested  by  painting  a 
piece  of  sheet-lead  with  it;  if  it  cracks  when 
the  lead  is  bent  back  and  forth,  there  is  too 
much  glue;  if  it  rubs  off  with  the  hand,  there 
is  not  enough. 
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Laying  Out  the  Pattirkb  fob  the  Columns — ^Fobmino,  Assbmblinq,  and  Putting  in 
Placb — Pbepabino  fob  thb  Main  Cobnicb 


rE  base  mold  for  the  capola  baying 
been  gotten  out,  the  next  step  is  to 
lay  out  and  constract  the  eight  columns 
forming  the  support  for  the  dome.  From 
Figs.  2  and  3,  which  were  published  in  the 
Jidy  issue,  it  will  be  noticed  that  these 
columns  are  of  considerable  length,  and 
that,  besides  having  a  molded  base  that 
rests  on  an  octagonal  plinth,. they  are  pro- 
yided  with  an  ornamental  capital,  which 
forms  the  apparent  impost  supporting  the 
heavy  main  cornice.  In  Fig.  18  is  shown,  at 
CBS,  the  upper  profile  of  the  base  mold, 


or,  rather,  the  wash  of  the  cupola  floor.  In 
this  figure,  lay  out  in  its  proper  position, 
which  can  be  obtained  from  Fig.  3,  the  plan 
of  the  octagonal  block,  or  plinth,  that  forms 
the  foundation  for  the  columns.  Mark  the 
corners  1,  f,  S,  etc.,  and  through  those 
designated  as  1  and  6  draw  the  miter  line 
PR  dividing  the  octagonal  figure  into  two 
sections.  Project  the  corners  of  the  octagon 
in  plan  on  the  elevation  and  draw  in  the 
line  EF  hi  the  proper  height.  From  the 
plan  and  elevation  thus  drawn,  the  stretch- 
out for  the  plinth  can  be  obtained  as 
shown  in  Fig.  18  (a).  In  order  to  lay  out 
this  stretchout,  draw  the  line  ST,  mark- 
ing upon  it  divisions  equal  in  length 
to  the  sides  of  the  octagon.  Mark  these 
divisions  i,  ^,  3,  etc.,  to  correspond  with 


those  in  the  plan,  and  from  them  drop 
vertical  lines  as  shown.  On  the  vertical 
lines  from  1  and  £  mark  off  a  distance  equal 
io  ED,  and  from  S,  4y  and  6,  distances  equal, 
respectively,  to  IB,  JO,  and  FG,  Through 
the  points  thus  obtained  draw  the  lines 
l'B\  9'S',  etc.,  which  will  give  the  shape  for 
the  junction  of  the  plinth  with  the  top  of  the 
base  mold,  or  wash.  Allow  for  the  laps  c,  d,  e, 
etc.,  and  cut  out  eight  with  laps  at  a  and  b, 
and  eight  more  without  these  vertical  laps. 
Form  these  sheets  of  metal,  just  shaped,  on 
the  proall  cornice  brake,  and  bend  the  laps 
c,  d,  e,  etc  toward  the  outside 
at  right  angles.  The  two  halves 
forming  each  plinth  are  now 
joined  in  one  by  riveting  and 
Holdering,  and  are  completed  by 
putting  in  the  octagonal  bottom 
shown  in  Fig.  18  ( b).  Since  the 
wooden  uprights,  which  are  of 
6  in.  X  6  in.  stuff,  pass  through 
the  columns,  it  is  necessary  to 
cut  in  this  bottom  a  square  hole 
made  somewhat  larger  than  the 
uprights.  Care  should  be  taken 
in  laying  out  this  hole  to  so 
locate  it  that  the  side  ab  will 
be  parallel  with  the  diagonal 
of  the  octagon  c  d.  By  making 
the  hole  8  inches  square,  1  inch 
all  around  is  allowed  for  play, 
which  in  this  case  is  ample.  Upon  the 
bottoms  being  soldered  in  with  the  laps 
inside,  the  octagonal  plinths  are  completed. 
The  molded  bases  of  the  columns,  the 
form  of  which  is  shown  in  Fig.  3,  can  be 
obtained  spun,  from  dealers  in  pressed-zinc 
ornaments,  or  they  can  be  made  by  hand, 
hammered  out  in  the  manner  that  will  be 
described  in  connection  with  the  lantern  of 
this  cupola.  The  ornamental  capitals  are 
stamped  and  are  likewise  obtained  from 
dealers  in  this  class  of  work.  The  length  of 
the  column  after  deducting  the  height  of  the 
base,  9  inches,  and  the  height  of  the  capital, 
16  inches,  is  7  feet  10  inches,  and  is  the 
length  necessary  to  consider  in  obtaining  the 
patterns  for  the  shaft.  The  columnBy  in 
order  to  have  a  good  appearance,  must  be 
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formed  with  the  necesiary  entaaiB;  this  is 
flometimeB  lecared  bj  stampiog  or  presBing 
the  oolmnDB  to  the  proper  idutpe  in  aecttons 
and  then  soldering  or  riveting  them  together. 
The  cupola  we  are  oonaidering,  however,  is 
ritoated  at  conaiderable  height  above  the 
sidewalk,  and  consequently  the  columns  can 
be  formed  in  horizontal  sections  and  worked 
out  by  hand,  for  at  this  distance  the  difference 
between  the  finer  pressed  work  and  hand 
work  cannot  be  detected.  To  construct  the 
column  by  hand,  it  is  necessary  to  divide  the 
elevation  of  the  column  shaft  into  three  parts, 
the  respective  diameters  of  which  can  be 
found  by  measurement  and  are  as  designated 
in  Fig.  19.  Each  of  these  sections  is  practi- 
cally a  cone  having  considerable  height  in 
comparison  with  its  base;  they  are  conse- 
quently developed  in  much  the  same  man- 
ner as  would  be  employed  in  laying  out  that 
geometric  figure.  With  C  as  a  center  and  a 
radius  equal  to  5^  inches, 
draw  the  semicircle  as 
shown  in  Fig.  19.  Mark 
off  on  this  arc  six  equal 
divisions,  designating 
them  1,  £f  Sj  4,  etc.  As 
the  method  of  obtaining 
the  pattern  for  each  sec- 
tion is  the  same,  only 
that  for  the  one  section 
M  F  K  L  need  be  ex- 
plained. Therefore  let 
EFKL  in  Fig.  20  be  a 
reproduction  of  that  por- 
tion of  the  shaft  in  Fig.  19. 
Draw  through  the  centers 
A  and  C  an  indefinite  ver- 
tical line  upward  and  ex- 
tend the  sides  of  the 
section  FE  and  KL  until 
they  intersect  this  line  at 
B\  this  point  B  is  the 
center  from  which  to 
strike  the  pattern.  With 
this  point  just  obtained 
as  a  center,  and  radii 
equal  to  BL  and  BK, 
draw  the  arcs  LD  and 
KH.  With  the  dividers 
set  to  the  divisions  into 
which  the  semicircle 
FK,  Fig.  19,  is  divided, 
^0. 19  space  off  on  the  arc  KH, 

Fig.  20,  commencing  at  the  point  K,  twelve 
spaceis  as  shown,  thus  locating  the  point 
Hj  and  from  this  point  draw  a  line  to  the 
center  B,  cutting  the  arc  LD  tit  D.  Then 
will  L  D  HK  be  the  net  pattern  for  the  top 


"^ 


section  of  the  column;  seams  or  laps  must  be 
allowed  for  riveting  or  seaming. 

As  the  seaming  makes  a  better  job,  we  will 
use  that  method  of  fastening  in  this  case. 
If  a  }-inch  seam  is  desired,  as  shown  in 


^\ 1 ^"^i^ 

U — 7i^^  ] 


Fig  20. 

Fig.  18  (a),  it  is  necessary  to  add  }  inch  to 
the  pattern  as  shown  at  a  6  a,  Fig.  20.  The 
mistake  is  often  made  by  workmen,  when 
laying  out  the  laps  for  seaming,  of  allowing 
but  \  inch  for  i-inch  seams.  It  can  readily  be 
seen,  however,  from  Fig.  20  (a)  why  it  is 
that  three  times  the  given  seam  is  required. 
When  the  patterns  for  the  three  sections 
have  been  obtained,  eight  sheets,  of  metal 
similar  to  each  wUl  be  required.  The  i-inch 
edges  forming  the  vertical  seams  of  the 
sections  are  bent  up  on  the  brake,  and 
the  section  rolled  in  the  36 -inch  rollers, 
after  which,  by  means  of  the  mallet 
and  groover  on  the  mandrel  stake,  the 
seams  are  grooved  and  soldered.  The  three 
sections  are  now  placed  together  so  as  to 
form  one  length,  care  being  taken  to  have 
them  in  line,  so  that  when  completed  the 
center  of  the  top  diameter  of  the  column  will 
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be  directly  over  the  center  of  the  bottom 
diameter.  In  order  to  determine  whether 
such  is  the  case,  all  that  is  necessary  is  to  see 
that  the  distances  a  and  6,  Fig.  20  (6),  are 
equal,  measuring,  of  course,  from  a  plumb 
line.  These  trial  measurements  a  and  b  are 
taken  at  several  points  around  the  cylinder.. 


erected,  however,  the  octagonal  plinths  are 
secured  to  the  molded  bases  and  the  columns 
are  then  ready  to  slip  over  the  uprights. 

Arrangements  should  be  made  with  the 
framer  so  that  he  will  not  set  the  plates  P 
and  R,  Fig.  2,  and  the  braces  S  until  the 
metal   columns    have   been   set   over  the 


Fig.  21 


Before  the  sections  can  be  set  up  in  one 
length,  as  shown  in  Fig.  20  (6),  it  is  neces- 
sary to  place  sheet-iron  bottoms  in  the  ends 
of  the  sections.  There  will  be  four  required , 
and  they  will  be  10,  11,  llf,  and  12  inches  in 
diameter,  respectively.  In  the  center  of  each 
describe  and  cut  out  an  8^-inch  circle,  which 
will  allow  the  uprights  to  pass  through  the 
section.  The  10-inch  metal  bottom  is  sol- 
dered in  the  top  of  the  upper  section  A, 
Fig.  21,  the  11-inch  bottom  in  the  upper  end 
of  the  section  B,  and  the  llf-inch  bottom  in 
the  upper  end  of  the  section  C,  while  the 
12-inch  bottom  is  fixed  in  the  lower  end  of 
the  section  C,  as  designated  at  O,  Slip  the 
sections  upon  a  sheet-metal  pipe  made  up  in 
24 -inch  lengths  and  about  8|  inches  in  diam- 
eter. Where  the  middle  section  B  joins  the 
two  end  sections,  the  bottoms  are  kept  about 
I  inch  from  the  end  of  the  sheet,  so  that  when 
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the  sections  slip  one  within  the  other,  as  in 
Fig.  22  (a),  a  lap  of  this  width  will  be  formed. 
The  laps  must  always  be  made  as  at  a  6, 
Fig.  22,  so  that  they  will  shed  water.  After 
the  sections  are  placed  together  with  the  pipe 
through  the  center,  they  should  be  supported 
on  horses,  as  shown  in  Fig.  22,  and  the  cir- 
cumferential seams  soldered  by  slowly 
revolving  the  shaft.  The  seams  are  finished 
by  scraping  and  sandpapering. 

The  center  pipe,  or  mandrel,  is  now 
removed,  and  the  other  seven  columns 
assembled  in  a  similar  manner.  The  eight 
column  shafts  having  been  completed,  the 
bases  and  capitals  may  be  soldered  to  them, 
care  being  observed  to  see  that  the  height  of 
the  columns  is  the  eame  and  is  that  called 
for  by  the  drawing.    Before  the  columns  are 


wooden  uprights.  These  uprights,  being 
plumb  and  square,  will  hold  the  columns  in 
the  correct  position,  and  the  octagonal  plinth 
will  fit  snugly  the  top  of  the  base  mold,  or 
wash.  It  is  sometimes  the  case  that  the 
metal  columns  must  be  put  in  position 
after  the  framing  has  been  completed. 
When  this  course  is  pursued,  bases  and 
capitals  must  be  made  in  halves  and  pro- 
vided with  lap  joints,  the  soldering  being 
done  on  the  outside.  This  need  not  be 
done  with  the  shaft,  however,  as  it  can 
be  made  in  one  piece  with  one  seam,  as 
shown  in  Fig.  23.  In  this  figure,  a  and  b 
shows'  the  flanges  turned  on  the  edges 
of  the  sheets  to  form  the  lock.  When 
setting  the  column  around  the  wooden 
upright,  it  is  sprung  into  the  lock  as  shown, 
the  seam  closed  tight,  and  a  few  rivets  put 
in,  as  at  c  d  and  e  to  further  secure  it.  When 
closing  to  form  the  double  seam,  blocking 
must  be  placed  on  the  inside,  to  keep  the 
lock  from  buckling  inward. 

The  framer  may  now  complete  the  struc- 
ture and  sheath  the  ceiling  inside  of  the 
cux)ola,  as  shown  in  the  section.  Fig.  2.    The 
blocking  and  lookoats  for 
for  the  main  cornice  and 
dome   are    next  put   in 
place,  finishing  by  put-  .//,.  ,  . 

ting  up  a  4i^'  X  4i''  tim-  /v  /f 

ber  through  the   center        //%'  k 

of  the  dome  to  support 
the  cross.  The  top  of 
the  dome  and  the  top  of  | 
the  main  cornice  are  like- 
wise sheathed,  the  metal 
being  placed  on  top  of 
the  sheathing  and  secured 
to  it.  In  all  work  of  this  character  the  sheet- 
metal  worker  should  furnish  the  framer  with 
a  tracing  of  all  the  details  for  the  metal  work, 
so  that  he  can  cut  his  blockings  and  pre- 
pare the  sheathings  to  such  dimensions  that 
the  metal  work  will  fit  well  over  the  wood- 
work. 


Pig.  23 
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Importance    op    Proper    Air    Distribution— How   to    Secure    a    Good    Distribution. 
Importance  of  Size  and  Shape  of  Furnace — Steam  in  the  Furnace 


THE  solution  of  the  Bmoke  problem  and 
the  economical  generation  of  steam 
must  be  accomplished  by  the  intelli- 
gent cooperation  of  the  fireman  with  the 
furnace  designer;  in  order  to  make  their 
labor  effective,  each  must  ever  keep  in  mind 
the  facts  that  the  combustion  of  fuel  is  a 
chemical  process  in  which  the  combinations 
of  the  elements  always  take  place  in  certain 
fixed  proportions,  and  that  these  combina- 
tions can  be  effected  only  when  certain 
definite  conditions  are  maintained.  The 
conditions  required  must  govern  every 
detail  of  the  design  of  the  furnace,  and  the 
fireman  must  never  lose  sight  of  them  if  his 
part  of  the  work  is  to  be  eatisfactorily  per- 
formed; in  fact,  the  fireman  who  thoroughly 
understands  the  importance  of  maintaining 
the  conditions  demanded  can  often  do  much 
to  ofiiBet  the  effects  of  defects  in  design,  but 
no  design,  however  meritorious,  can  secure 
good  results  in  the  hands  of  an  incom- 
petent fireman. 

The  fuel  supply  is,  of  course,  the  first 
factor  to  be  considered  in  connection  with 
the  construction  of  the  furnace  and  the 
management  of  the  fire.  The  kind  of  fuel ' 
is  generally  fixed  by  the  available  sources  of 
supply,  and  the  work  must  always  begin 
with  this  as  a  basis.  Of  equal  importance 
with  the  fuel  is  the  air  supply.  Since  air 
is  supposed  to  be  free  and  the  supply 
unlimited,  its  waste  is  not  regarded  as  a 
serious  matter,  and  the  fact  that  its  improper 
use  means  a  corresponding  waste  of  fuel 
is  too  often  ignored.  The  complete  and 
economical  combustion  of  coal  and  the  pre- 
vention of  smoke  depend  upon  a  sufficient 
air  supply — not  an  overeupply — and  this 
air  must  be  brought  into  intimate  contact 
with  the  fuel  to  be  burned.  Without  the 
proper  distribution  of  the  air,  the  high 
temperature  essential  for  the  combination 
of  the  elements  cannot  be  maintained. 

One  of  the  beet  methods  of  supplying  air 
to  a  boiler  furnace  is  that  in  which  the  fire 
is  thin  and  open  enough  to  permit  sufficient 
air  to  rise  through  the  grate  and  fuel  bed. 
The  advantages  in  favor  of  this  method  are: 
the  air,  in  rising  through  the  fuel  bed, 
becomes  highly  heated ;  if  a  clean  even  fire 


is  maintained,  the  air  supply  is  well  dis- 
tributed and  comes  into  intimate  contact 
with  the  gases  almost  as  soon  as  they  are 
formed,  and  the  air  and  gas  being  thus 
thoroughly  mixed  in  the  vicinity  of  the 
hottest  part  of  the  furnace,  complete  com- 
bustion follows;  the  danger  of  chilling  the 
boiler  plates  by  a  current  of  cold  air  is  less 
than  when  the  air  is  admitted  at  any  point 
above  the  grates. 

With  this  method  of  air  supply,  the  firing 
must  be  carefully  done — the  fire  must  be 
maintained  at  a  moderate  and  even  thick- 
ness; the  grates  must  be  kept  clean,  and 
each  air  space  must  be  kept  as  free  from 
clinkers  as  possible;  no  bare  spots  should  be 
allowed  to  form;  and,  finally,  the  coal 
should  be  supplied  iu  small  quantities  and 
often,  each  shovelful  being  spread  over  as 
much  surface  as  possible.  Large  lumps 
should  always  be  broken  up  before  being 
fired,  and  in  no  case  should  a  thick  mass  of 
freshly  fired  coal  be  allowed  to  collect  in 
any  part  of  the  furnace.  Such  a  method  of 
firing  demands  care  and  close  attention  on 
the  part  of  the  fireman,  but  if  it  is  carefully 
followed  the  coal  will  be  burned  in  a  very 
economical  manner  and  without  the  forma- 
tion of  black  smoke.  The  reduction  in  the 
amount  of  coal  that  must  be  handled  will, 
in  a  great  degree,  make  up  for  the  apparent 
increase  in  labor  oonnected  with  such  a 
system  of  firing. 

The  thickness  of  the  fuel  bed  to  be 
employed  with  this  system  of  firing  de- 
pends on  the  quality  of  the  fuel  and  the 
intensity  of  the  draft.  In  general,  it  may 
be  stated  that  the  best  results  will  be 
obtained  with  a  good  strong  draft  that  will 
permit  of  a  fuel  bed,  with  reasonably  good 
bituminous  coal,  of  from  7  to  12  inches  in 
thickness.  The  thickness  can  best  be  deter- 
mined by  actual  trials,  carefully  watching 
the  results. 

In  a  great  many  cases  it  is  impracticable, 
or  at  least  difficult,  to  regulate  the  fire  so 
carefully  as  to  secure  a  proper  supply  of  air 
through  the  grates.  For  example,  in  loco- 
motive work,  where  the  demand  for  steam 
and  the  intensity  of  the  draft  are  very 
irregular,    it    is    found    to    be   practically 
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impoflsible  to  maintain  a  depth  of  fire  that 
will  conform  to  the  irr^alarity  in  the  con- 
ditions of  nmning.  The  heavy  correnta  of 
air  drawn  throngh  the  thin  bed  of  fael  by 
the  irregalar  action  of  the  exhaust  tear  holes 
in  the  fire  if  it  is  kept  too  thin,  thus  allow- 
ing large  quantities  of  cold  air  to  enter  at 
one  place;  these  currents  of.  cold  air,  in 
addition  to  their  evil  effects  on  the  combus- 
tion of  the  gases  and  their  chilling  effect  on 
the  boiler,  often  carry  considerable  quantities 
of  solid  fuel  into  the  flues. 

It  is  seldom  that  the  conditions  are  as 
unfi&yorable  in  stationary  practice  as  in  loco- 
motive work,  but  there  are  many  cases  in 
which  the  irregularity  of  the  draft  or  of  the 
demand  for  steam  are  considerable.  The 
quality  of  the  fuel  may  also  make  it  very 
difficult  to  keep  a  dean  open  fire  that  will 
allow  of  the  steady  air  supply  demanded; 
it  is,  therefore,  often  essential  that  means 
be  provided  for  furnishing  through  openings 
above  the  grate  at  least  a  part  of  the  air 
required  to  bum  the  gases.  Of  the  methods 
used  for  this  purpose,  the  one  most  com- 
monly used  is,  perhaps,  either  a  partly 
opened  fire  door  or  some  special  arrange- 
ment of  openings  through  the  fire  door 
which  serve  as  an  inlet  for  the  air  and 
distribute  it  over  the  fire  in  a  more  or  less 
satisfactory  manner.  A  partly  opened  door 
must  be  regarded  as  one  of  the  most  unsatis- 
factory means  of  getting  air  into  the  furnace 
that  could  be  devised.  The  air  enters  in  a 
large  stream  and  is  more  likely  to  cool  below 
its  ignition  temperature  the  small  propor- 
tion of  the  gas  that  it  reaches  than  it  is  to 
promote  its  combustion;  further,  the  con- 
centrated current  of  cold  air  is  almost  sure 
to  strike  a  limited  section  of  the  furnace  and 
chill  it;  this  in  turn  produces  severe  stresses 
in  the  boiler  plates.  Much  more  satisfactory 
results  are  obtained  when  the  door  is  pro- 
vided with  special  openings  that  serve  to 
divide  the  entering  current  of  air  and  dis- 
tribute it  over  a  considerable  part  of  the 
grate.  The  perforated  inner  door  is  par- 
ticularly useful  in  this  respect;  it  serves  the 
combined  purpose  of  protecting  the  outer 
door  from  the  heat  radiated  from  the  fire 
and  of  dividing  the  entering  current  of 
air  into  a  great  number  of  small  jets  that 
are  considerably  heated  in  their  passage 
over  its  surface,  and  are  then  distributed 
to  the  fire  through  the  perforations  and 
around  the  edges  of  the  plate. 

With  a  large  furnace  it  may  be  difficult 
either  to  admit  sufficient  air  through  the 
door  to  supply  all  parts  of  the  furnace  or  to 


properly  distribute  the  air  so  admitted. 
Various  methods  of  introducing  the  supply 
at  the  sides  of  the  furnace  and  at  the  bridge 
wall  have  been  devised  to  remedy  this 
defect  A  few  rows  of  hollow  staybolts 
are  sometimes  used  in  locomotive  boOers 
just  above  the  surikce  of  the  fire;  these 
admit  air  in  small  jets,  which  enter,  at  right 
angles  to  the  current  of  the  gases,  that  part 
of  the  furnace  least  likely  to  be  reached  by 
air  from  the  door,  and  are  thus  more 
easily  mixed  with  the  gas  than  would  be 
the  case  if  the  currents  were  parallel. 
Another  method,  intended  to  serve  the  same 
purpose  in  furnaces  for  externally  fired 
boilers,  is  the  use  of  hollow  tiles,  which  lead 
air  to  the  side  of  the  firebox  and  deliver  it 
in  small  jets  through  openings  in  the  brick- 
work above  the  surface  of  the  fire.  In  many 
cases  the  conduits  through  which  the  air 
enters  are  placed  in  positions  that  are 
intended  to  insure  the  heating  of  the  entering 
air,  which,  when  delivered  at  a  high  tem- 
perature, promotes  combustion. 

So  far  none  of  these  special  devices  for 
supplying  air  to  the  sides  of  the  furnace 
have  been  sufficiently  successful  to  secure 
their  extensive  use.  It  seems  that  their 
advantages  are  much  more  apparent  than 
real.  There  can  be  no  great  gain  in  any 
attempt  to  heat  the  air,  since  the  quantity 
that  must  fiow  through  a  given  passsge  will 
be  so  great  that  its  temperature  will  be 
raised  but  little,  unless  the  conduit  is  longer 
or  the  temperature  to  which  it  is  subjected 
is  greater  than  is  practicable  in  the  construc- 
tion of  most  furnaces.  Another  point  that 
would  seem  to  be  unfavorable  to  the  success 
of  any  attempt  to  introduce  air  through  the 
sides  of  the  furnace,  is  the  difficulty  of  con- 
trolling the  quantity  so  introduced  in 
accordance  with  the  varying  conditions  of 
draft  and  fuel  supply. 

Numerous  methods  of  introducing  air 
through  openings  in  the  bridge  wall  have 
been  devised,  some  of  which  have  been  put 
into  more  or  lees  practical  use.  In  many  of 
these  devices  attempts  have  been  made  to 
heat  the  air  so  introduced  by  passing  it 
through  some  part  of  the  furnace  or  setting 
in  which  there  is  a  high  temperature.  Such 
attempts,  however,  probably  have  never 
resulted  in  sufficient  benefit  to  pay  for  the 
expense  involved  in  the  more  complex  con- 
struction of  the  furnace. 

The  admission  of  air  through  properly 
constructed  openings  in  the  bridge  wall  and 
above  the  fire  has  been  shown  by  experi- 
ment to  produce  economical  results  when  a 
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bituminona  ooal,  rich  in  yolAtile  matter  and 
producing  a  long  smoky  flame,  is  naed.  The 
openings  throngh  the  bridge  wall  ahonld  be 
BO  arranged  as  to  discharge  the  air  in  a  num- 
ber of  jets  at  a  right  angle  to  the  direction 
of  flow  of  the  gases.  The  space  back  of  the 
bridge  should  then  be  large  enough  to  form 
a  combustion  chamber  in  which  there  will 
be  a  thorough  mixture  and  complete  com- 
bustion before  the  air  and  gas  are  chilled  by 
entering  the  tubes.  A  large  space  prodaces 
a  relatively  moderate  velocity  of  flow  of  the 
gases,  which  is  favorable  to  the  intimate 
mixture  of  the  air  and  gas. 

WhUe  it  would  be  an  advantage  to  have 
the  air  enter  at  a  high  temperature,  no 
means  have  yet  been  devis^  that  will 
accomplish  this  in  an  economical  manner. 
Of  course,  the  temperature  of  the  air  is 
raised  to  a  slight  degree  in  its  passage 
through  the  ash  pit,  the  openings  in  th^ 
setting  leading  to  the  bridge,  and  in  passing 
through  the  bridge  to  the  openings  through 
which  it  is  discharged,  but  the  actual  gain 
by  this  means  is  relatively  unimportant, 
even  when  rather  elaborate  systems  of 
passages  are  used.  Some  of  the  difficulties 
attendant  on  this  method  are  the  following: 
In  order  to  prevent  loss  from  too  mach  or 
too  little  air,  the  paasagea  muat  be  controlled 
by  dampers,  which  should  be  regulated 
according  to  the  condition  of  the  flre  and 
the  rate  of  combustion;  this  demands  close 
attention  and  intelligent  care  on  the  part  of 
the  fireman,  who  must  either  maintain 
nearly  constant  conditions  in  the  furnace  or 
change  the  damx)er8  as  often  as  there  is  a 
material  change  in  the  condition  of  the  fire. 
The  passages  through  the  bridge  wall  may 
give  trouble  by  becoming  clogged  with 
ashes  and  clinkers  pushed  back  from  the 
fire  during  cleaning  or  carried  back  by  the 
draft,  and  so  become  useless.  The  method 
is  limited  in  its  application  to  furnaces  so 
constructed  that  there  is  room  for  a  com- 
bustion chamber  of  considerable  size,  in 
which  mixture  and  combustion  may  take 
place  before  the  gases  are  cooled. 

The  lowest  temperature  at  which  ignition 
of  the  gases  can  take  place  is  about  1,800®. 
It  is  seen  by  reference  to  a  steam  table  that 
the  temperature  of  the  water  in  the  boiler, 
even  under  a  pressure  of  200  pounds  per 
square  inch,  is  less  than  400®;  this  is  prac- 
tically the  temperature  of  the  surface  of  the 
boiler.  It  is  therefore  evident  that  any 
gas  that  comes  into  close  contact  with  the 
boUer  before  being  burned  will  be  cooled 
below  the  point  of  ignition,  and,  unless 


subsequently  heated,  will  be  carried  to  the 
chimney  unconsumed.  With  coals  contain- 
ing large  quantities  of  volatile  matter,  and 
burning  with  a  long  smoky  flame,  it  follows 
that  the  flrebox  must  be  of  ample  depth  to 
provide  a  space  in  which  the  great  volume 
of  gas  can  burn  before  being  cooled,  or  there 
must  be  a  combustion  chamber  in  which 
the  gas  can  burn  after  leaving  the  flrebox. 

The  danger  of  loss  from  cooling  the  gases 
too  suddenly  is  greatest  in  internally  flred 
boilers  of  the  vertical  and  locomotive  ty])es. 
Unless  the  crown  sheet  is  unusually  high 
above  the  grate,  vertical  boilers  are  especially 
unfltted  for  the  use  of  rich  bituminous 
coals.  Locomotive  boilers,  if  properly  man- 
aged, are  better;  by  the  use  of  the  coking 
system  of  flring,  the  gas  must  pass  back 
through  the  length  of  the  firebox  and  over 
the  hot  bed  of  coke,  thus  giving  it  consider- 
able time  to  burn  before  entering  the  tubes, 
the  heat  radiated  from  the  coke  helping  to 
keep  it  at  a  temperature  at  which  com- 
buetion  is  possible. 

Many  locomotive  boilers  are  fitted  with 
firebrick  arches.  These  arches  extend  from 
the  tube  sheet  toward  the  door,  and  force 
the  gases  to  take  a  path  first  toward  the 
door  and  then  back  above  the  arch  to  the 
tubes.  The  arch  becoming  highly  heated, 
prevents  the  cooling  of  the  gases  before 
they  become  mixed  with  the  air,  and  the 
path  of  the  gases  is  lengthened  sufficiently 
to  enable  them  to  burn  before  entering  the 
tubes. .  The  arches  also  lengthens  the  life  of 
the  fines  by  preventing  the  entrance  of 
large  volumes  of  cold  air  when  the  door  is 
opened,  and  thus  maintaining  a  more  even 
temperature.  The  testimony  of  railroad 
men,  almost  without  exception,  is  in  favor 
of  the  firebrick  arch  for  locomotives  burning 
bituminous  coals,  and  there  is  no  doubt  that 
the  principle  involved  in  its  use  can  be 
employed  in  stationary  practice  to  great 
advantage.  Examples  of  modifications  of 
the  principle  of  the  firebrick  arch  are  seen 
in  some  of  the  automatic  stokers  now  in 
use  and  in  the  furnaces  of  several  of  the 
water-tube  boUers.  In  these  furnaces,  how- 
ever, the  position  of  the  arch  over  that  part 
of  the  grate  nearest  the  fire  door,  while  it 
helps  to  keep  up  a  high  and  equable  furnace 
temperature,  does  not  materially  aid  in 
securing  a  more  satisfactory  mixture  of  gas 
and  air,  nor  does  it  lengthen  the  path  of 
the  gas  generated  in  that  part  of  the  furnace 
nearest  to  the  boUer.  Furnaces  of  this  class 
are,  for  these  reasons,  best  adapted  to  the 
coking  system  of  firing. 
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In  internally  fired  boilere  of  the  Comuh, 
Lancashire,  Scotch  marine,  and  similar 
types  having  large  fomace  flues  that  open 
into  a  chamber  in  the  rear,  the  gases  that 
are  cooled  by  contact  with  the  walls  of  the 
flue  and  pass  through  it  unconsumed  are 
sometimes  burned  in  the  rear  chamber, 
which,  for  this  reason,  is  given  the  name 
'*  combustion  chamber."  The  combustion 
chamber,  in  order  to  be  effective,  should  be 
provided  with  a  mass  of  firebrick  that  can 
be  maintained  at  a  sufficiently  high  temper- 
ature to  heat  the  gases  to  the  ignition  point. 
The  currents  of  gases  from  the  fines  must 
then  be  brought  into  contact  with  this  hot 
brickwork,  and  thus  be  burned  before 
entering  the  tubes.  These  are  conditions 
that  are  maintained  with  difficulty,  espe- 
cially in  lK>iler8  like  the  Cornish,  Lancashire, 
and  Galloway,  with  long  fines  in  which  the 
gases  are  considerably  cooled  before  reach- 
ing the  combustion  chamber. 

With  boilers  of  the  return-tubular  type, 
the  space  back  of  the  bridge  serves  the  pur- 
pose of  a  combustion  chamber  to  a  certain 
extent.  The  gases,  however,  tend  to  rise 
and  fiow  along  the  cold  surface  of  the  boiler; 
it  is,  therefore,  difficult  to  prevent  a  con- 
siderable body  from  thus  becoming  cooled 
below  the  ignition  temperature  and  pass- 
ing unconsumed  into  the  tubes.  Various 
arrangements  of  brick  arches  and  flues  have 
been  placed  between  the  bridge  and  the 
back  end  of  the  boiler,  to  overcome  this 
difficulty,  the  purpose  of  these  devices  being 
to  present  heated  surfaces  of  brick  to  the 
current  of  the  gas  and  to  promote  the 
intimate  mixture  of  the  gas  and  aiX'  Some 
of  these  arrangements  are  moderately  effect- 
ive, but  they  are  subject  to  the  limitations 
that  were  referred  to  in  the  case  of  the 
combustion  chambers  of  internally  fired 
boilers;  that  is,  there  is  danger  that  the 
temperature  of  the  brickwork  will  not  be 
high  enough  to  secure  the  ignition  of  any 
great  proportion  of  the  gases  that  pass 
beyond  the  bridge,  or  that  much  of  the  gas 
will  not  be  brought  into  close  enough  con- 
tact with  the  hot  bricks  to  be  heated  to  the 
ignition  point. 

The  construction  of  the  type  of  furnace 
commonly  used  with  water-tube  boilers  of 
the  Babcock  &  Wilcox  type  is  such  that 
there  is  little  opportunity  for  combustion  to 
take  place  after  the  gases  leave  the  firebox. 
The  gases  rise  nearly  vertically  from  the 
fuel  bed  and  pass  from  the  firebox  inmiedi- 
ately  into  .contact  with  the  tubes;  the 
narrow   spaces   between  the  tubes  divide 


the  gases  into  thin  sheets,  which  are  rapidly 
cooled  below  the  temperature  of  ignition. 
The  vertical  direction  of  the  current  of  gases 
in  the  furnace  makes  it  difficult  to  secure 
any  considerable  admixture  of  air  from  the 
fire  door;  the  chief  dependence  for  the  air 
supply  must,  therefore,  be  on  the  air  that 
rises  through  the  grates  and  passes  upward 
through  the  bed  of  fuel.  These  conditions 
make  it  essential,  for  complete  and  econom- 
ical combustion,  that  a  sufficient  supply  of 
air  be  admitted  through  the  grate  itself,  and 
that  the  supply  be  wdl  distributed  over  the 
whole  grate  area,  so  that  it  may  become 
mixed  with  the  gases  almost  as  soon  as 
formed.  It  is  also  important  that  the  grate 
be  placed  far  enough  below  the  tubes  to 
permit  of  a  thorough  mixture  of  gas  and  air 
and  of  complete  combustion  of  the  gas 
before  it  enters  the  space  between  the  tubes. 
The  distance  from  the  grate  to  the  tubes 
should  be  regulated  in  accordance  with  the 
volatile  contents  of  the  coal;  for  anthracite 
or  coke,  the  minimum  distance  is  about 
24  inches;  for  coals  containing  lai^ge  quan- 
tities of  volatile  matter  and  burning  with  a 
long  fiame,  a  distance  of  36  inches  or  more 
is  often  needed. 

A  study  of  the  construction  of  the  furnaces 
of  most  water-tube  boilers,  and  of  the 
mechanical  stokers  generally  used  for  burn- 
ing bituminous  coals,  will  reveal  the  fisct 
that  a  large  combustion  chamber,  often  cov- 
ered by  a  firebrick  arch  for  maintaining  a 
high  temperature  and  shielding  the  burning 
gases  from  the  cooling  effect  of  the  surface 
of  the  boiler,  is  almost  universally  employed. 
It  is  urged  by  some  authorities  that  a  con- 
struction that  separates  the  hydrocarbon 
flame  from  the  heating  surface  of  the  boiler 
is  a  serious  disadvantage  in  that  a  large  part 
of  the  heat  of  such  a  flame  is  given  up  to 
the  boiler  by  radiation  from  the  incandescent 
carbon  particles,  while  a  colorless  flame 
radiates  but  little  heat  and  gives  up  heat  to 
the  boiler  almost  entirely  by  direct  contact 
It  is  certain,  however,  that  the  carbon  par- 
ticles may  easily  part  with  so  much  heat  by 
radiation  as  to  be  cooled  below  their  ignition 
temperature  and  so  pass  off  unconsumed, 
with  the  consequent  formation  of  black 
smoke;  on  the  other  hand,  such  an  arrange- 
ment of  the  heating  surface  is  possible  as 
will  enable  all  portions  of  a  hot  current  of 
colorless  gas  to  be  brought  into  sufficiently 
close  contact  with  the  surfaces  of  the  boiler 
to  give  up  its  heat  in  a  thoroughly  effective 
manner.  It  is  probable  that  herein  lies 
much  of  the  effectiveness  of  the  heating 
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aorface  of  the  water-tabe  boiler;  the  gas 
pasaee  in  thin  ftheeta  between  the  staggered 
rows  of  tabes  or  around  the  varioos  baffle 
plates,  thus  inducing  cross-currents  that 
force  every  portion  of  the  gas  into  close  con- 
tact with  some  part  of  the  heating  surface. 

When  steam  is  admitted  into  the  furnace 
through  the  ash  pit  or  otherwise,  it  is 
decomposed  bj  the  heat  into  its  constitu- 
ents, hydrogen  and  oxygen.  This  process, 
however,  absorbs  as  much  heat  as  can  pos- 
sibly be  developed  by  the  combustion  of  the 
hydrogen  thus  formed.  From  this  it  follows 
that  there  can  be  no  possible  gain  in  heat 
from  introducing  steam.  In  fact,  there  are 
several  features  that  may  cause  the  use  of 
steam  to  result  in  an  actual  loss  of  heat: 
there  is  danger  that  much  of  the  hydrogen 
liberated  by  the  decomposition  of  the  steam 
may  escape  unbumed,  owing  to  the  reduc- 
tion of  temperature  of  the  fuel  bed  produced 
by  the  decomposition  of  the  Kteam.  There 
is  also  another  loss:  the  steam  enters  the 
ash  pit  at  a  temperature  seldom  above 
212°  F.  and  passes  into  the  chimney  at  the 
temperature  of  the  flue  gases,  which  is 
rarely  below  400°.  It  thus  carries  more 
heat  into  the  chimney  than  it  introduces 
into  the  furnace. 

The  use  of  steam  or  water  under  the  grate 
is,  however,  beneficial  in  some  cases.  With 
coals  that  tend  to  clinker  badly  and  stick  to 
the  grates,  the  effect  of  the  steam  is  to  pre- 
vent the  clinkering  to  a  considerable  extent. 
This  enables  the  fireman  to  keep  the  grate 
cleaner,  prevents  the  destruction  of  the 
grate,  and,  on  account  of  the  improved 
condition  of  the  fire,  permits  of  a  better 
distribution  of  air  and  more  complete  and 


economical  combustion.  In  the  case  of  the 
Argand  blower  and  similar  devices  for 
securing  an  increased  draft,  there  is  often 
an  increased  economy  in  the  use  of  coal  over 
that  which  is  obtained  by  natural  draft;  the 
gain,  however,  must  be  ascribed  solely  to 
the  improved  air  supply,  and  not  to  the  fact 
that  steam  is  used.  A  simUar  improvement 
in  the  draft,  by  means  of  a  better  chimney 
or  some  mechanical-draft  appliance,  will 
generally  give  even  better  results  than  can 
be  obtained  by  the  use  of  steam.  If  a  steam 
blower  must  be  used  to  improve  the  draft,  it 
should  be  so  constructed  and  operated  as  to 
introduce  as  little  steam  into  the  fire  as  will 
secure  the  requisite  air  supply. 

Having  seen  that  complete,  i.  e.,  econom- 
ical, combustion  depends  upon  a  sufiicient 
air  supply  intimately  mixed  with  the  com- 
bustibles and  a  high  furnace  and  combus- 
tion^chamber  temperature  to  insure  ignition, 
the  following  rules  will  be  self  evident: 

1.  Fire  light  and  often. 

2.  Keep  the  fire  as  thin  as  circumstances 
permit. 

3    Keep  the  fire  clean. 

4.  Keep  the  space  between  the  grate  bars 
clear. 

5.  Keep  the  ash  pit  clear. 

6.  When  using  bituminous  coal,  use  the 
coking-firing  system,  if  possible. 

7.  Regulate  the  draft  so  that  it  will  be 
strongest  when  a  fresh  charge  of  coal  is  put 
into  the  furnace. 

8.  Do  not  let  the  fire  bum  out  in  spots. 

9.  Do  not  let  the  fire  burn  too  low  before 
charging. 

10.  If  possible,  fire  at  regular  intervals 
and  in  regular  charges. 
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Thomas  E.  McNeill 
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OF  A  MODKBM  FlAT 


FLATS,  or  apartment  honsei,  have  long 
been  naed  in  European  countries,  and 
in  America  a  few  priyate  houses  have 
been  utilized  for  many  years  by  small 
families  for  ''room  keeping,"  but  only  with- 
in the  past  twenty-five  years  has  any  effort 
been  made  to  make  apartment  houses  a 
distinct  feature  in  this  country.  The  hotel 
or  boarding  house  was  the  refuge  for  city 
dwellers  who  did  not  own  their  houses;  and 
the  tenement  house,  or  ''death  trap,''  was 
the  only  resort  for  the  humble  dass. 

The  great  convenience  and  comfort  of 
well-arranged  flats  can  be  fully  appreciated 
only  by  those  who  have  lived  in  them.  The 
rooms  being  generally  all  on  one  floor,  or 
level,  the  fatiguing  labor  of  climbing  up 
and  down  stairs  is  avoided;  all  supplies 
required  are  sent  up  from  the  basement 
by  elevators,  or  dumb-waiters  as  they  are 
called;  and  all  handling  of  these  supplies 
in  the  hallways  is  avoided.  In  the  more 
elaborate  and  expensive  houses  the  pas- 
senger elevators  make  all  floors  alike,  as  far 
as  ease  of  access  goes;  in  fact,  the  upper 
floors  are  in  many  respects  preferable.  The 
introduction  of  elevators  necessitated  some 
form  of  power  to  operate  them.  This,  at 
first,  was  steam  power,  direct  or  through 
pumps  ( hydraulic  pressure ) .  Both  required 
moderately  high  steam  pressure  to  be  carried 
in  the  boilers.  The  exhaust  steam,  if  suffi- 
cient, was  used  entirely  in  heating  the 
houses;  when  it  was  not  enough  it  was  sup- 
plemented and  at  times  superseded  by  steam 
reduced  in  pressure  taken  direct  from  the 
boilers. 

The  electric  elevator  has  largely  super- 
seded the  others,  when  current  can  be  had 
from  the  street.  It  obviates  the  necessity 
of  carrying  high  pressure  in  boilers  and 
allows  an  ordinary  low-pressure  steam-heat- 
ing apparatus  to  be  used.  When  the  electric 
current  for  lighting  and  power  purposes  is 
generated  in  the  building,  the  same  system 
of  heating  is  used  that  is  adopted  when 
steam  or  hydraulic  elevators  are  employed. 

In  some  of  the  most  expensive  apartment 
houses  a  combination  of  the  indirect  and  the 
direct  radiation  system  is  need,  the  first, 
second,  third,  and  even  the  fourth  stories 


being  indirect  and  sometimes  with  circula- 
tion accelerated  by  a  fiaui.  The  sy£t6m  used 
on  the  upper  floors  is,  when  ixMsible,  the 
semi-direct  or  direct-indirect  as  it  is  called. 
Of  course,  where  properly  arranged  and 
used,  the  combined  system,  with  a  forced 
ciro^tion  of  air  by  a  &n,  is  near  perfection, 
because  both  the  heating  and  the  ventila- 
tion can  be  regulated  by  the  occupants  of  the 
rooms.  The  first  cost  and  maintenance  of 
such  a  system  must,  of  course,  be  duly  con- 
sidered. The  house  construction  and  many 
other  points,  such  as  hot-air-fine  space  in 
the  walls,  and  ventilating  flues  in  the  parti- 
tions, etc,  must  also  be  considered.  The 
present  style  of  skeleton  steel  construction, 
in  which  tiie  loads  are  carried  by  the  frame- 
work and  the  walls,  are  mere  curtains  or 
enclosures  of  brick,  stone,  or  other  partly 
non-conducting  materials  for  keeping  out  the 
TfLin  storms  or  for  ornamenting  the  exteriors, 
offers  some  advantages,  but  in  such  build- 
ings ample  provision  must  be  made,  by  in- 
creased heating  surface,  to  compensate  for 
the  rapid  escape  of  heat  through  the  thin 
walls. 

The  direct-indirect  system  of  heating  has 
all  the  advantages  of  the  direct,  and  it 
furnishes,  at  the  same  time,  a  supply  of 
fresh  warm  air.  Where  provision  has  been 
made  in  the  walls,  partitions,  or  even  over 
the  doors  for  the  escape  of  vitiated  air,  this 
system  adds  greatly  to  the  health  and  com- 
fort of  those  occupying  the  apartments  on 
the  north  and  west  sides,  as  the  pressure 
of  the  air  currents  coming  from  that  quar- 
ter, in  winter,  forces  the  air  up  through  the 
radiators  into  the  rooms.  On  the  east  and 
south  sides,  there  being  little  or  no  wind 
pressure,  it  is  not  so  efficient,  but  is  better 
than  the  direct  radiation  alone,  as  generally 
used  without  provision  for  air  renewal  and 
ventilation. 

The  following  is  a  description  of  the  heat- 
ing system  in  a  certain  apartment  hoose 
of  the  medium  class  that  is  well  heated 
by  direct  radiation  as  it  is  called— that  is, 
by  radiators  located  in  the  rooma  to  be 
heated— the  steam  pressure  not  exceeding 
10  pounds  per  sq.  in.  The  amount  and 
kind  of  heating  surface  in  each  room  is  in 
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proportion  to  its  cubic  contents,  exx>o0iire,  etc. 
The  radiators  used  are  of  the  vertical  sec- 
tional class;  each  section  38  inches  high 
contains  4  eq.  ft.  of  heating  sorfiace,  each 
one  32  inches  high  contains  3jt  sq.  ft,  and 
each  one  26  inches  high  contains  2)  sq.  ft. 

On  the  first  story  there  are  two  front 
parlors,  each  containing  12  sections,  26  in. 
high  =  32  sq.  ft. ;  two  libraries,  one  contain- 
ing 8  sections  26  in.  high  =  21^  eq.  ft.,  the 
other  containing  6  sections,  26  in.  high 
=  16  sq.  ft ;  two  bedrooms  each  containing 
0  sections,  26  in.  high  =  24  sq.  ft.;  two 
bedrooms,  one  contaiidng  8  sections,  26  in. 
high  =  21i  sq.  ft.,  the  other  containing 
7  sections,  26  in.  high  =  18f  sq.  ft.;  two 
dining  rooms,  each  containing  8  sections, 
38  in.  high  =  32  sq.  ft.  In  the  entrance 
hall  there  are  two  radiators  of  10  sections, 
38  in.  high  =  40  sq.  ft.  each.  All  these 
make  a  total  of  333}  sq.  ft 

On  the  second  and  third  stories  there  are 
four  oater  parlors,  each  containing  6  sections, 
32  in.  high  =  20  sq.  ft ;  four  inner  parlors, 
each  contuning  7  sections,  32  in.  high 
=  23i  sq.  ft. 

On  the  fourth,  fifth,  sixth,  and  seventh 
stories  there  are  sixteen  parlors,  each  con- 
taining 8  sections,  26  in.  high  =  21}  sq.  ft. 

On  the  second,*  third,  fourth,  fifth,  sixth, 
and  seventh  stories  there  are  twelve  libraries, 
5  containing  7  sections,  26  in.  high  =  18} 
sq.  ft.,  and  6  containing  8  sections,  26  in. 
high  ^  16  sq.  ft;  twenty-four  bedrooms, 
each  containing  8  sections,  26  in.  high  =  21} 
sq.  ft. ;  and  twelve  dining  rooms,  each  con- 
taining 8  sections,  38  in.  high  =  32  sq.  ft 
The  total  on  the  seven  floors,  including  the 
entrance,  is  1,952  sq.  ft 

The  risers  that  supply  the  radiators  are 
mostly  2-inch  to  the  fifth  story,  l}-inch  to 
the  sixth,  and  l}-inch  to  the  seventh. 
Some,  however,  that  only  supply  the  radi- 
ators in  small  rooms,  such  as  the  libraries 
and  bathrooms,  are  l}-inch  the  full  height 
These  are  all  two-pipe  risers,  the  return 
risers  being  one  size  smaller.  If  they  were 
single-pipe  risers  they  would  be  one  size 
larger,  with  l}-inch  outlets  on  each  story. 
The  outlets  for  the  double-valved  radiators 


are  tapped  1  inch  for  steam  and  f  inch  for 
return,  with  a  valve  in  each  connection  with 
the  risers. 

The  steam  mains  are  run  in  the  basement, 
beginning  with  a  5-inch  main  at  the  boiler, 
and  reducing  and  branching  to  supply  all 
the  risers  and  radiators.  A  5-inch  valve  is 
placed  on  the  main  near  the  boiler,  and  a 
valve  is  located  at  the  bottom  of  each  steam 
and  return  riser,  to  shut  oflT  same  for  repairs. 
Drips  at  the  bottom  of  these  pipes  are  not 
necessary  if  the  riser  connections  are  pro- 
perly made.  The  return  mains  are  run 
below  the  water  line  of  the  boiler.  They 
are  one  size  lees  than  the  corresponding 
steam  mains.  A  gate  valve  and  swing  check 
valve  are  attached  to  the  return  main  near 
the  boiler.  Belief  pipes  are  taken  from  the 
ends  of  the  steam  mains  and  are  connected 
to  the  return  mains  below  the  water  line. 
Air  pipes  are  run  alongside  of  the  risers  and 
are  connected  to  the  air  valve  on  each 
radiator.  They  are  carried  down  and  dis- 
charged into  a  sink  in  the  basement.  Auto- 
matic air  valves  are  often  used  without  pipe 
connections,  but  they  must  discharge  the 
air  from  the  radiators  into  the  rooms.  This 
has  often  the  odor  of  iron  rust,  which  is 
objectionable  to  many  persons. 

The  boiler  used  for  generating  steam  for 
heating  these  flats  is  of  the  cast-iron  vertical 
sectional  type,  and  contains  315  sq.  ft.  of 
fire,  or  heat-transmitting,  surface,  and  15 
sq.  ft.  of  grate  surfaoe.  The  elevator  is 
operated  by  an  electric  current  from  the 
street  The  ptmip  used  for  forcing  water  up 
to  the  tank  on  the  roof  is  generally  driven 
by  steam  of  low  or  moderate  pressure  or 
by  electricity. 

A  separate  tank  or  a  small  boiler  or  stove 
in  the  basement  is  used  for  heating  water  to 
supply  all  the  plimibing  fixtures  in  the  flats. 
In  the  best  equipped  modem  flats  all  of  the 
cooking  is  done  with  a  gas  range  or  stove. 

A  good  reliable  system  of  filtering  the 
water  used  is  an  important  addition  to  the 
general  equipment.  With  every  require- 
ment supplied  and  near  at  hand,  the  diffi- 
culties and  annoyances  of  house  or  *'flat 
keeping"  are  reduced  to  a  minimum. 
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Man   Characterizbd   by   His   Uss   of   Firb— Hib   First    Knowledoe   of   Fibb   Fbom 
Natubb's  Kindling — ^Mbthods  of  Stabtino  Firb 


MANKIND  i0  distinguiBhed  from  the  rest 
of  animal  creation  by  the  tauet  that  he 
makes  oae  of  implements  other  than 
the  natoral  members  constitating  his  phys- 
ical anatomy,  and  he  only  is  entitled  to  the 
appellation  of  tool-using  animal.  But,  after 
idl,  can  this  be  said  to  be  a  distingoishing 
characteristic  of  man  ?  The  giant  gorillas  of 
Africa  have  been  known  to  use  dubs  and  their 
brethren  of  a  smaller  species  to  hurl  mis- 
siles as  in  defense  or  to  use  stones  with  which 
to  break  the  hard  shells  of  coconuts,  and  even 
elephants  have  been  observed  to  use  booghs 
of  trees  that  they  have  broken  off  in  order 
to  brash  the  leeches  from  their  backs. 
Would  it  not  be  well,  then,  to  look  for 
some  action  or  habit  in  man's  mode  of 
existence  that  would  be  peculiar  to  himself 
and  of  such  a  nature  as  to  entirely  preclude 
its  usurpation  by  other  animals  ? 

What  title  could  we  find  that  would  be 
more  appropriate  than  that  of  fire-making 
or  fire-using  animal?  Surely  no  other 
creature  than  man  has  been  known  to 
create  the  chemical  phenomenon  of  rapid 
combustion  that  we  call  fire.  Another  tact 
that  testifies  strongly  for  the  plea  of  his 
immutable  right  to  this  title  is  that  there  is 
really  no  authentic  record  of  a  fireless  tribe, 
that  is,  a  race  of  people  to  whom  fire  was 
unknown  and  who  were  not  fainiliar  with  at 
least  several  of  its  uses  and  with  a  means  of 
kindling  it,  however  crude.  It  is  true  that 
several  writers  have  made  statements  to  the 
effect  that  such  a  people  existed.  In  tact, 
no  less  an  author  than  Padre  Gobien  states 
in  one  of  his  writings,  "  Magellan,  wroth  at 
the  pilfering  of  the  inhabitants,  burnt  one 
of  their  villages.  When  they  first  viewed 
their  wooden  huts  ablaze,  their  thoughts 
were  that  the  fire  was  a  beast  that  eats  up 
wood.  Some  of  them  having  approached 
too  near  were  burnt,  and  the  others  kept 
aloof,  fearing  to  be  torn  or  poisoned  by  the 
powerful  breath  of  the  terrible  animal.'' 

The  inhabitants  referred  to  are  supposed 
to  be  those  of  the  Ladronee,  bat  from  other 
and  probably  more  reliable  records  it  would 
seem  that  these  people  did  have  the  knowl- 
edge denied  them  by  Padre  Grobien,  whose 


accounts  in  this  particular  instance  are 
looked  upon  with  much  doubt. 

There  must  have  been,  however,  a  time 
when  primeval  man  was  unacquainted  with 
fire— a  time  before  the  first  steps  in  human 
progress  had  been  made— and  it  was  only 
when  the  first  spark  had  been  kindled  that 
man  truly  began  to  stride  toward  dvilisa- 
tion.  How  he  must  have  wondered  as  he 
gazed  upon  those  writhing  flames  of  the 
first  fire  roaring  and  crackling  and  gather- 
ing strength  as  it  reached  out  for  more 
material  to  satisfy  its  almost  insatiable  desire 
for  food.  At  first  it  was  with  fear  and  awe 
that  he  looked  on  this  strange  thing,  so  unlike 
the  wild  prey  or  savage  beasts  he  had  hunted 
or  encountered  in  the  primal  forest.  Bat 
curiosity  (for  man  was  always  curious) 
prompted  him  to  go  nearer  the  fire,  and 
far  from  being  harmed  by  it,  he  found  the 
warmth  pleasant  in  the  chilliness  of  the 
approaching  evening,  and  as  the  night  drew 
apace  its  glow  was  grateful,  for  it  mitigated 
the  terrors  of  darkness  and  inspired  fear  in 
the  wild  beasts,  his  natural  enemies. 

Some  strange  intuition  seemed  to  tell 
him  that  fire  was  for  him  only,  and  that 
by-  his  control  of  it  he  would  become 
superior  to  all  creation.  So  he  cherished 
it  as  he  would  a  gift  of  great  value,  and 
when  it  became  dull  and  died  down  for 
the  want  of  fuel  he  fiuined  it  to  life  and 
brought  sticks  and  brush  that  it  might  bum 
with  renewed  eneigy. 

The  fire  that  man  first  knew  was  kindled 
by  nature.  The  molten  cinders  or  lava 
from  a  volcano  flowing  down  the  mountain 
side  and  setting  fire  to  the  copse  at  the  base; 
the  lightning  stroke  in  the  dry  underbrush 
of  the  forest;  the  sparks  from  stones  when 
struck  by  the  hoofis  of  wild  cattle  hurrying 
through  the  dry  grass  of  a  prairie,  or  even 
the  focusing  of  the  sun's  rays  by  a  dew  drop 
globule  of  balsam  on  some  dry  bit  of  fhngos 
conveniently  placed  by  nature,  are  all  causes 
that  might  have— in  fact,  must  hav»--ac- 
quainted  mankind  with  fiire. 

Owing  to  the  mystery  surrounding  the 
origin  of  fire  and  on  account  of  the  saoed- 
ness  with  which  it  is  held  by  all  heathen 
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natiODS  and  tribes,  many  carious  and  osaally 
interesting  stories  have  been  woven  from 
the  dreams  or  fancies  of  some  medicine  man 
or  barbaric  priest  regarding  man's  first  dis- 
covery of  his  greatest  blessing.  Several  of 
these  tales  will  snffioe  to  show  their  vision- 
ary aspect  and  also  to  show  the  reverence 
with  which  the  gifi  of  fire  is  looked  upon 
even  at  this  day  by  the  cmde  people  who 
inhabit  the  uncivilized  portions  of  the  globe. 

The  Maories  say  that  the  fire  was  given 
to  Maui  by  his  old  blind  grandmother 
Mahnika,  who  drew  it  fix>m  the  nails  of  her 
hands.  Maui,  however,  wishing  a  stronger 
fire,  deceived  his  grandmother  into  believing 
that  the  fire  had  been  extinguished,  and  so 
he  obtained  more  from  her  great  toe.  It  was 
so  fierce  that  everything  melted  before  its 
glow;  it  commenced  to  burn  Maui  and  even 
the  grandmother  herself,  but 
fortunately  a  deluge  sent 
from  heaven  saved  them 
from  perishing.  Before  the 
water  had  quite  put  -out  the 
blaze,  Mahnika  sent  a  spark 
into  some  trees,  fh>m  whence 
man  draws  it  now. 

The  native  Australians 
have  a  similar  story  that  is 
equally  as  crude  and  strange, 
for  it  proceeds  somewhat  like 
this:  In  a  time  long  since 
passed  away  the  only  crea- 
ture that  possessed  a  fire- 
brand was  a  little  bandicoot, 
which  prized  it  highly  and 
guarded  it  carefully,  finally 
becoming  so  selfish  in  its  use 
as  to  refuse  to  share  it  with 
the  other  animals.  Putting 
up  with  this  state  of  afiairs 
as  long  as  they  could,  the  other  animals 
conduded  to  hold  a  general  council,  in 
which  they  decided  that  the  firebrand  must 
be  obtained  from  their  selfish  companion 
either  by  cunning  or  by  compulsion,  and 
deputed  the  hawk  and  the  pigeon  to  carry 
out  the  resolutions.  After  vainly  trying 
to  induce  the  owner  of  the  firebrand  to 
share  his  blessing,  the  pigeon,  as  he  thought 
at  an  opportune  time,  made  a  rush  for 
the  prize.  The  bandicoot  seeing  that  a 
crisis  had  been  reached,  and  preferring  to 
loee  rather  than  share,  threw  the  brand  into 
the  river,  hoping  to  quench  it  therein.  But 
fortunately  for  the  black  man,  the  hawk, 
sharp-eyed  and  ready,  hovering  near,  with  a 
stroke  of  his  wing  sent  the  brand  out  of  the 
water  into  the  long  grass  upon  the  banks  of 


the  stream,  which,  being  dry,  ignited  and 
the  fiames  spread  over  the  country.  The 
black  man  then  felt  the  fire  and  said  it 
was  good. 

So  it  is  that  a  deep  mystery  surrounds  the 
oi>eration  of  man's  first  fire  getting;  but  no 
matter  what  method  he  employed,  it  was  a 
long  and  weary  road  he  traveled  firom  that 
time  until  1840,  when  the  phosphorus  match 
became  general.  Man  might  have  unwit- 
tingly, in  a  wild  chase  for  game,  which  he 
usually  slew  by  a  well-aimed  stone,  struck 
fire  when  the  missile  glanced  along  the  edge 
of  some  forest  boulder.  Seeing  Jthe  spark, 
he  would  naturally  repeat  the  experiment 
with  more  or  less  success,  and  finally,  by 
using  two  pieces  of  rock,  one  in  each  hand, 
would  strike  sparks  at  will.  From  this  it 
was  only  a  step  until  he  learned  to  know 

that   he  could  attain  more 

success  with  certain  kinds  of 
rocks  than  he  could  with 
others.  As  he  became  ex- 
pert in  striking  sparks  he 
found  that  they  would,  upon 
falling  on  a  piece  of  sun- 
cracked  pith  orbit  of  fungus, 
kindle  a  blaze.  It  was  in 
some  such  way  as  this  that 
all  means  of  producing  fire 
by  percussion  originated,  and 
out  of  this  grew  the  fiint  and 
steel,  or  ^^strike-a-light,"  of 
colonial  days.  At  this  day 
such  a  method  of  kindling  is 
much  used  by  the  Eskimos, 
the  northern  Indians  of 
America,  and  the  Burmese, 
and  it  is  known  to  all  people. 
The  Eskimos  use  fiint  and 
pyrites  to  kindle  fire  by 
striking  or  scraping  them  together  until 
small  particles  of  the  pyrites  are  heated 
to  a  dull-red  heat,  when  they  are  dropped 
into  some  convenient  tinder,  which  is  thus 
set  aglow.  The  Alaskans  make  fire  in  a 
very  similar  manner,  by  striking  together 
two  pieces  of  quartz  over  some  grass  or  moss 
strewn  with  feathers,  the  quartz  having  been 
previously  rubbed  with  sulphur.  The  in- 
habitants of  Burma  kindle  a  blaze  by  stri- 
king together  a  piece  of  china  and  bamboo, 
the  silicious  surface  of  the  latter  emitting  a 
spark  when  so  struck. 

That  friction  will  create  warmth,  and  if 
long  continued  will  generate  heat  sufficient 
to  kindle  a  glow  from  which  a  blaze  can  be 
started,  is  known  to  nearly  all  primitive 
peoples,  and  the  means  employed  to  produce 
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fire  by  friction  may  be  distinctly  classed  as 
of  three  kinds,  namely,  by   reciprocating 
motion,  by  sawing,  and  by  plowing. 
The  simplest  method  of  producing  fire  by 

reciprocating    motion 

is  by  the  twoH9tick 
apparatus  that  is  ex- 
tensively employed  by 
the  American  Indianp, 
by  Africans,  by  Aus- 
tralians, and  by  other 
peoples  not  so  well 
known.  This  method, 
which  is  the  crudest 
and  at  the  same  time 
the  simplest  of  all 
primitive  means,  is 
best  described  in  the 
words  of  Livingstone, 
who  says,  in  speaking 
of  the  Zambesi  people: 
**  These  carry,  on  a 
long  journey,  a  sleep- 
ing mat  and  a  wooden 
pillow,  a  pot  and  a 
sack  of  meal,  a  pipe 
and  tobacco  pouch,  a 
knife  and  a  bow  and 
arrow,  as  well  as  two 
little  sticks  two  or 
three  feet  long,  in 
order  to  make  fire  if 
they  are  obliged  to  spend  the  night  away 
frx)m  human  dwellings.  Dry  wood  may 
always  be  found.  In  one  of 
the  sticks,  which  has  a  very 
rough  outside  and  a  little 
pitch  within,  is  cut  a  notch 
and  this  notched  stick  is 
laid  horizontally  upon  a 
knife  blade  placed  on  the 
ground.  He  who  wUl  make 
the  fire  squats  down,  and  in 
order  to  hold  the  stick  firmly 
puts  his  great  toes  at  each 
end.  He  takes  the  other 
stick,  which  is  of  very  hard 
wood  and  on  which  a  very 
dull  point  is  cut,  and  puts  it 
squarely  in  the  notch.  The 
upright  stick  is  like  a  drill 
rapidly  whirled  to  and  fro 
between  the  hands  and  at 
the  same  time  pressed  firmly 
downward.  In  the  course 
of  about  a  minute  the  friction  ignites  a  part 
of  the  pitch  of  the  notched  stick,  which 
as  glowing  charcoal  runs  over  onto  the 
knife  blade  and  is  brought  into  a  handful 


The  EBKIMO0  Have  Devibed,  Fsom  the  Sim- 
ple Appasatub  op  the  Cord-Rotated  Stick,  a 
Somewhat  Ingenious  Machine  That  Can  Be 
Opbbatbd  by  One  Pebson  " 


"It  Only  Requires  a  Do^-nward 
Pressure  on  the  Yoke  to  Set 
the  Vertical  Stick  Spinning  at 
A  High  Rate" 


of  dried  grass,  which,  by  careful  fanning, 
is  kindled.  It  is  a  sore  task  to  make  fire  in 
this  way  and  soon  raises  blisters  on  white 
hands."  This  method  seems  to  be  identical 
with  that  employed  by 
the  Hupa  Indians,  of 
California,  with  the 
exception  that  they 
hold  the  stationary 
stick  by  their  knees  to 
prevent  it  from  tam- 
ing. 

This  method ,  though 
so   simple,  was    very 
laborious  and  reqaired 
considerable  knack. 
In  many  localities  it 
was  greatly  improved 
upon  by  wrapping   a 
cord  or  piece  of  thong 
or  sinew  around   the 
upright  stick,   which 
was  pivoted  in  a  block 
of  wood  or  bone  and 
was  revolved  rapidly 
by  moving  the   cord 
back  and  forth.    Two 
persons,    however, 
were  required  to  oper- 
ate this  arrangement, 
one  to  steady  the  top 
of  the  stick  and  the 
other  to  draw  the  cord. 
Even  the  crude  people  of  the  uncivilized 
races  are  bound  sooner  or 
later,    from   their   inherent 
aversion  to  work  or  because 
of  necessity,  to  institute  im- 
provements in  their  primi- 
tive methods  and  customs. 
It  is  not  surprising  then  to 
find  that  the  Eskimos  have 
devised,    from    the    simple 
apparatus  of  the  cord-rotated 
stick,  a  somewhat  ingenious 
machine  that  can  be  operated 
by  one  person  and  used  either 
as  a  drill  or  for  kindling  a 
spark;   they  have,   in  fiict, 
produced,  in  a  crude -form, 
a  bow  similar  to  that  em- 
ployed by  jewelers  to  turn 
lathee  and  drills. 

This  fire-making  apparatus 
of  the  Eskimo  is  surpassed 
by  the  pump  drill,  as  it  is  called,  of  the 
Iroquois  Indians.  This  drill  is  undoubtedly 
the  most  efficient  tool  used  for  fire  making 
by  reciprocating  motion,  and  is,  in  fact,  the 
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quickest  and  easiest  means  of  producing  fire 
by  friction.  The  whole  afEur  is  simply  a 
means  of  rotating  a  vertical  spindle  at  a  high 
speed  and  with  considerable  pressure.  It 
consists  of  a  round  stick  about  20  inches 
long,  which  is  held  vertical  and  is  provided 
with  a  heavy  wooden  disk  fastened  near 
the  lower  end  and  a  yoke  consisting  of 
a  piece  of  wood  about  a  foot  in  length 
having  a  hole  in  the  middle  of  it  large 
enough  to  admit  the  stick;  the  apparatus 
is  completed  by  a  piece  of  thong  passed 
through  a  hole  in  the  upper  end  of  the 
spindle  and  secured  to  the  ends  of  the  yoke. 
A  turn  or  two  of  the  disk  winds  the  thong 
around  the  spindle,  and  it  only  requires  a 
downward  pressure  on  the  yoke  to  set  the 
votical  stick  spinning  at  a  high  rate.  When 
the  yoke,  or  cross-stick,  has  reached  the 
lowest  point  in  its  movement  the  momentum 
of  the  wooden  disk  rewinds 
the  thong  and  raises  the 
yoke;  another  downward 
push  sends  the  spindle  re- 
volving in  the  opposite  direc- 
tion with  renewed  energy. 
A  few  seconds  of  this  is  suffi- 
cient to  raise  a  cone  of  saw\ 
dust  at  the  lower  end  of  the 
spindle  where  it  rests  upon 
the  block  of  wood.  The  saw- 
dust soon  begins  to  smoke 
and  finally  to  bum.  It  re- 
quires two  to  operate  this 
device, '  but  the  ease  with 
which  a  fire  is  kindled,  when 
compared  with  the  less  ingen- 
ious methods,  amply  compen- 
sates for  this  disadvantage. 

There  are  still  two  other  means  of  kindling 
fire  by  friction  that  have  as  yet  not  been 
considered:  ^e  making  by  sawing  and 
fire  making  by  plowing.  The  former  of 
these  is  much  practiced  by  the  Malays 
and  Burmese,  while  the  latter  method  is 
used  by  the  Polynesians,  Australians,  and 
Papuans.  Kindling  fire  by  sawing  is  accom- 
plished by  using  two  pieces  of  bamboo,  one 
of  which  is  a  sharp-edged  piece  like -a  knife, 
and*  this  is  drawn  rapidly  across  a  convex 
piece  in  which  a  notch  has  been  cut  until 
it  is  nearly  severed.  By  persistent  sawing 
the  convex  piece  of  bamboo  is  finally  pierced 
and  the  heated  particles,  falling  below  and 
under  the  hollow  of  the  stick,  are  ignited. 
Bubbing  or  plowing  out  fire  is  a  laborious 
operation,  for  the  reason  that  the  operator's 
efforts  to  produce  sufficient  friction  are 
spread   over   a  considerable   area,  and  it 
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consequently  takes  great  pressure  and  a 
longer  time.  In  rubbing  or  plowing  out 
fire  a  stick  some  18  inches  long  with  a 
blunt  point  on  one  end  is  rubbed  rapidly 
in  a  groove  cut  in  a  larger  piece  of  wood 
set  on  the  ground. 

That  it  was  possible  to  draw  fire  by  simply 
rubbing  two  pieces  of  wood  together  was 
always  a  wonder  to  the  savage  people  who 
employed  such  a  method,  and  fire  kindled 
in  this  manner  was  looked  upon  as  sacred. 
In  fact,  among  many  of  the  North  American 
Indian  tribes  the  apparatus  by  which  fire 
is  kindled  by  friction  is  held  in  the  greatest 
reverence,  and  an  unpardonable  sin  would 
be  committed  if  a  brave  were  to  show 
the  white  man  how  it  was  constructed  or 
explain  its  use  to  him.  So  it  is  that  in 
the  same  tribe  three  methods  of  kindling 
are  known  and  practiced,  the  younger 
generation  using  the  phos- 
phorus match,  the  older  gen- 
eration the  flint  and  steel, 
and  the  medicine  man  only 
the  bow  drill  or  the  spindle 
to  kindle  the  fire  at  the  great 
sacrifice  of  the  white  dog,  a 
yearly  festival  extendiog 
over  six  days. 

The  kindUng  of  fire  by  fric- 
tion was  not  confined  to  the 
uncivilized  people  of  Amer- 
ica, Asia,  Africa,  and  Poly- 
nesia, for  it  was,  on  special 
occasions,  used  throughout 
Europe  and  in  Scotland.  In 
Germany  as  late  as  the  sev- 
enteenth century  ''wUd 
fire  "  was  started  when  mur- 
rain broke  out  among  the  cattle  and  the 
herds  suffered  much  damage.  According  to 
the  superstition  of  that  day,  no  other  fire 
must  be  lighted  at  the  time  and  the  spark 
must  be  obtained  in  a  peculiar  way.  An 
oak  post  with  a  hole  through  the  center 
was  driven  into  the  ground  and  a  windlass 
smeared  with  tar  and  pitch  was  inserted  in 
the  hole  and  turned  until  a  blaze  was 
started.  Brush,  straw,  and  wood  were  then 
brought  from  each  house  and  ignited,  the 
horses  and  cattle  being  hunted  through  it 
two  or  three  times  with  sticks  and  whips. 
In  Scotland  such  a  fire  as  this  is  called  a 
''need  fire,"  and  was  kindled  for  a  similar 
purpose  as  late  as  1840. 

Distinct  from  all  the  methods  of  fire 
making  enumerated  is  that  employed  by 
the  Peruvian  sun  worshipers,  who,  upon 
their  recurrent  festivals  held  at  the  period 
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of  the  summer  aolstioe,  kindled  their  aacri- 
ficial  fire  by  the  son' a  raya.  For  this  pur- 
poee  they  used  a  concaye  mirror  of  poliidied 
metal,  which  collected  in  a  focoa  the  raya  of 
annlight  and  thua  kindled  the  aacred  flame 
by  aetting  fire  to  a  heap  of  dried  cotton. 

How  much,  then,  muat  the  misery  of  the 
aavage  have  been  increaaed  without  these 
crude  meana  of  fire  making  ?  How  fiEer  from 
aooompliahment  would  the  ciyilisation  of 
today  have  been  without  the  knowledge 
that  gave  to  man  the  i>ower  to  create  fire  at 
will  and  in  conaequenoe  placed  him  auperior 
to  all  terrestrial  life.  If  we  stop  to  think 
for  a  moment  we  become  astounded  at  our 
dependence  upon  this  same  fire.  Without 
it  the  metallurgic  arts  would  be  onde- 
veloped,  and  instead  of  our  great  shops  and 
fEU^ries  with  their  powerful  and  quick- 
moving  machinery  our  only  tools  would  con- 


sist of  a  few  stone  mauls  or  axes  pounded 
and  chipped  into  shape  and  our  only 
weapons  sword  blades  or  spear  heads 
wrought  from  the  native  copper.  All 
motive  power,  such  as  steam  or  electricity, 
would  forever  remain  undiscovered,  or  at 
least  impracticable;  and  no  long  railroad 
trains  would  wind  across  the  prairies  or 
engines  puff  their  noisy  way  along  some 
mountain  side,  nor  would  the  ocean  grey- 
hound swiftly  cleave  its  path  through  the 
unfathomable  deep.  Our  morning  meal 
would  be  a  cold  repast  indeed,  and  shiver- 
ing under  a  rough  lean-to  of  bmah,  we 
would  look  toward  the  east  for  the  rising  of 
that  dazzling  disk  of  warmth,  the  son,  ever 
awaiting  the  discovery  of  fire,  so  that  we 
might  take  the  first  stop  toward  perfect 
civilization,  whoUy  desirable  but  ever  unat- 
tainable. 


PURLIN  CUTS  FOR  A  CONICAL  ROOF 


Constructor 


A  Method  fob  Dbterhining  ths  Cubved  Edge,  Bevel,  and  End  Cittb  of  a  Publin  in  a 

Conical  Roof 


THE  American  mechanic,  when  called 
upon  to  get  out  an  unusual  or  difficult 
piece  of  work,  exercises  that  independ- 
ence which  is  his  birthright  and  endeavors 
to  obtain  by  hia  individual  efforta  the  best 
and  quickest  solution  of  the  problem  before 
him.  The  firamer  or  joiner  doing  the  average 
work  about  town  is  often  brought  to  a  stand- 
still by  running  up  against  work  that  is 
entirely  new  to  him. 

One  of  the  problems  that  offers  some  diffi- 
culty to  those  who  have  not  done  similar 
work  is  that  of  cutting  the  purlins  for  a 
conical  roof.  The  carpenter  or  framer  would 
soon  obtain  the  pattern  for  a  roof  of  small 
dimensions  directly  from  the  work  by  means 
of  the  bevel  square  and  a  piece  of  line  or 
measuring  stick.  Where  there  are  several 
such  roofs,  however,  of  the  same  dimensions, 
or  where  the  roof  is  of  considerable  extent, 
the  foreman  of  the  job  or  the  master  carpen- 
ter might  desire  to  lay  out  the  purlins  accu- 
rately by  means  of  a  diagram,  so  that  they 
could  be  cut  and  prepared  at  the  mill,  ready 
to  be  put  in  place.  Suppose,  for  some  such 
reason,  it  is  desirable  to  obtein  the  cuts  for 
the  purlins  shown  in  the  conical  tower  roof, 
Fig.  1,  which,  while  having  the  appearance 
of  complexity,  is  really  very  simple. 


The  first  stop  in  laying  out  the  diagram, 
Fig.  2,  is  to  draw  the  elevation,  that  is, 
mark  out  the  base  and  the  slope  of  the 
roof.  Projed  from  this  elevation  the  plan 
and  lay  out  upon  the  plan  the>  correct 
positions  of  two  rafters,  the  center  lines 
of  which  are  shown  at  6  c  and  a  c.  The 
section  of  the  purlin  should  be  drawn  in 
its  true  position  with  reference  to  the  slope, 
as  at  f'd'Wg^  in  the  elevation.  In  this  case 
—and  it  is  usually  so— the  &ce  of  the  purlin 
is  perpendicular  to  the  slope  of  the  root 
Where  the  purlin  is  placed  thus,  at  right 
angles,  or  perpendicular  to  the  ^ope  in  a 
conical  roof,  the  upper  and  lower  faces  of  the 
purlin  lie  in  oblique  cuts  or  sections  through 
the  cone.  When  a  cone  is  cut  in  this  man- 
ner the  figure  of  the  section  is  always  an 
ellipse..  In  order  to  determine  the  shape  of 
.  the  purlin  on  the  face  and  ends,  so  tl^t  its 
outer  edge  will  lie  in  the  roof  plane  and 
that  it  will  fit  neatly  to  the  rafters  at  either 
end,  it  is  necessary  to  determine  the  dimen- 
sions of  the  ellipse  forming  the  sectional  cut 
through  th^  cone  made  by  the  oblique  plane 
in  which  the  face  of  the  purlin  lies. 

Bearing  these  points  in  mind,  proceed  with 
the  diagram  by  projecting  from  the  plan  the 
point  a  on  the  base  of  the  cone,  as  at  a^ 
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Connect  a^  with  the  apex  of  the  cone  </,  and 
the  line  bo  drawn  will  repreeent  the  inner 
edge  of  the  rafters  in  the  elevation.  It  is 
evident  from  what  haa  been  said  that  the 


Fio.l 

curve  of  the  outer  edge  of  the  purlin  will  be 
the  same  as  the  curve  of  the  oblique  section 
through  the  cone,  at  the  same  position  as 
that  in  which  the  purlin  lies.  It  is  therefore 
necessary  to  find  the  curve  of  the  conical 
section  W(fn'^  in  the  elevation,  Fig.  2, 
and  in  order  to  do  this  all  that  is  required 
is  to  obtain  the  lengths  of  the  semi-nugor 
and  semi-minor  axes,  or  the  distances  Wy 
and  j^n^.  The  position  of  the  point  y  is 
readily  found  by  bisecting  the  line  h/i\ 
and  by  erecting  a  perpendicular  firom  this 
point  to  the  line  Wi\  which  represents 
the  oblique  section  through  the  cone,  a  line 
coincident  with  the  minor  axis  is  obtained. 
It  is  evident  that  a  horizontal  plane  WV 
passed  through  the  oblique  plane  hf  V  will 
contain,  where  it  intersects  at  /,  a  line  j^m^ 
equal  in  length  to  the  semi-minor  axis  y  n' 
of  the  elliptical  section.  Therefore,  draw  in 
ifV,  and  from  (/  describe  the  semicircle. 
Erect,  from/,  a  perpendicular  to  A/  Vj  inter- 
secting the  circle  at  m^\  y  mf  wiU  then  be 
the  desired  length  of  the  semi-major  axis, 
which  can  be  located  at  n^.  It  is  now  neces- 
sary to  construct  through  the  points  W  n'  an 
ellipee,  which  can  be  readily  accomplished 


accurately  enough  for  all  practical  purposes 
by  the  well  known  method  illustrated  in 
Fig.  3,  which  may  be  described  as  follows: 
From  n^,  with  a  radius  equal  to  h^  /,  strike 
arcs  at  p^  P.  Insert  pins  at  the  intersections 
of  these  arcs  with  the  major  axis  of  the 
ellipse,  and  place  around  them  a  cord  equal 
in  length  to  the  distance  WV  plus  j/  P. 
Keep  the  cord  stretched  with  a  pencil  i>oiut, 
and  sweep  in  the  ellipse.  By  applying  this 
method  in  the  elevation.  Fig.  2,  the  ellipse 
W(fn'V  is  obtained  and  that  portion  of 
the  curve  at  hf  qf  will  be  the  curve  cut  of 
one-half  the  purlin.  In  order  to  find  the 
length  of  the  purlin  and  the  bevel  cuts  for 
the  &ce  and  edge,  project  the  points 
hf  d/  9f  r'  f  g^  on  the  center  line  of  the  plan. 


Fig.  2 


and  draw  mhl^de,  ij,  and  g  h.  The  points  n 
and  tfbeing  located  on  the  plan,  and  the  length 
0  q  being  the  same  as/  n^  in  the  elevation, 
the  curve  of  the  purlin  in  the  plan  can  be 
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drawn  in,  as  shown  through  the  points  n»  e, 
and  9.  In  a  similar  manner,  since  the  points 
m  and  I  are  located,  the  outside  curve  of  the 
edge  of  the  purlin  may  be  drawn  in  the  plan. 


It  will  be  noticed  from  the  plan  that  these 
lines  just  drawn  have  not  been  extended  to 
the  center  line  of  the  rafter,  but  to  its  fiioe, 
as  one-half  the  thickness  of  the  rafter  has 
been  laid  off  from  the  lines  &  c  and  c  a. 

The  diagram  having  now  been  completed, 
the  patterns  for  the  Uice  cuts  and  edge  cuts 
can.be  laid  off  as  designated  in  Fig.  4.  Draw 
the  center  line  xy  ia  this  figure  and  lay  off 
the  thickness  of  the  purlin  as  designated, 
and  also  the  distances  dg  and  pk  equal, 
respectively,  to  /r^  and/'*'  in  the  eleva- 
tion, Fig.  2.  The  points  f  and  m  in  Fig.  4 
may  be  located  by  making  the  distances  d  f 
and  ib  m  equal,  respectively,  to  r^  h'  and  b'  d'. 
The  lines  de,  gh,  ij^  and  ib  I  are  equal  in 
length  to  the  corresponding  lines  shown  in 
the  plan.  Fig.  2.  The  points  «,  hjy  I  being 
thus  obtained,  the  lines  may  be  drawn  in 
as  shown. 

The  curve  of  the  rafter,  as  previously 
explained,  is  an  ellipse,  but  that  portion  of 
it  adjacent  to  y,  in  the  elevation.  Fig.  2,  is 
so  nearly  an  arc  of  a  circle  thieit  for  all 
practical  purposes  such  a  curve  may  be  used 
for  the  purlin.  Having,  therefore,  in  Fig.  4, 
the  i>oints  n,/,  and  e,  and  I,  m,  and  0,  all  that  is 
necessary  to  do,  in  order  to  obtain  the  curved 


ikce  cuts  of  the  purlin,  is  to  pass  a  circle 
through  these  points.  Thus  the  simple 
geometrical  problem  of  drawing  a  ditde 
through  three  points  not  in  a  straight  line  can 
readily  be  done  by  setting  the  compaas  at  n 
and  f  and  m  and  I  and  drawing  intersecting 
arcs  with  radii  equal  in  ledgth  to  somewhat 
more  than  one-half  the  distance  between 
n/  or  ml.  Through  the  points  of  inter- 
section of  these  arcs,  extend  lines  that  will 
cut  the  center  line  xy  o(  the  figure.  With 
the  point  of  the  compass  placed  at  these 
intersections,  which  are  designated  as  c^ 
and  c.  Fig.  4,  and  with  radii  equal  to  <// 
and  cm,  describe  the  arcs  nfe  and  omL 
The  left-hand  pattern  will  then  be  the  upper 
face  of  the  purlin,  while  the  right-huid 
pattern  is  that  of  the  lower  &ce.  The 
bevels  show  the  face  and  edge  end  cuts. 

This  may  seem  like  a  lengthy  explanation 
for  a  simple  problem,  though  it  would  prob- 
ably take  considerably  less  time  to  lay  it  oat 
than  to  read  the  article.  So  many  of  these 
problems,  however,  when  they  drift  into 
articles,  are  difficult  to  understand  because 
the  explanation  or  reason  of  each  step  has 


Fie.  4 

been  omitted,  and  it  was  with  the  end  in 
view  of  making  dear  what  each  line  and 
step  signified  that  compelled  the  writer  to 
offer  this  somewhat  prolonged  explanation. 
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rWIRE  the  cottage  we  will  haye  to 
aflsmne  that  the  frame  is  completed 
and  closed  in,  and  that  all  floorbeams 
and  partition  staddings  are  in  place  but 
have  not  been  lathed  or  plastered.  This 
should  be  the  condition  of  the  building 
when  the  electrical  work  conmiences.  We 
will  also  assume  that  we  have  been  for- 
niflhed  with  the  floor  and  deration  plans 
that  have  been  nsed  so  &r  in  the 
oonstmction  of  the  buUding,  but  that 
no  specifications  have  been  written  for 
oor  work,  and  in  &ct  no  thought  has 
been  giyen  to  the  important  subject 
of  lighting  with  the  exception  of  the 

outlets  marked  — o—  for  chandeliers 

and  — o—  for  side  brackets.  We  find 
on  consultation  with  the  architect  and 
*  the  owner  that  the  positions  of  these 
fixtures  are  not  arbitrary;  the  direc- 
tions of  the  former  are:  ''Use  your 
own  judgment,  but  do  not  ^ut  the 
floorbeams  and  studding  to  pieces"; 
those  of  the  latter  are:  ''You  know 
better  than  I  do  what  I  want— give 
me  plenty  of  light  conveniently  con- 
trolled, and  a  safe  job. ' '  Besides  these 
assumptions,  it  will  be  understood 
that  no  gas-fitting  has  been  done  in 
the  building. 

The  first  thing  to  do  under  these 
conditions  is  to  ascertain  the  totid 
number  of  16-candlepower  lights  that 
will  be  needed,  so  that  the  size  of  the 
main  conductors  may  be  determined; 
the  next  thing  to  decide  is  whether  to  use  a 
2-  or  a  3-wire  service.  In  order  to  meet  the 
first  requirement  we  proceed  to  the  ceUar, 
the  plan  of  which  is  shown  in  Fig.  1,  and 
decide  to  place  1  light  in  front  of  the  meters, 

•  a  dMCription  of  the  plumbing  for  the  half-tlm- 
tMired  cottage  deecilbed  In  the  Angoit,  September, 
and  October,  1899,  nomben  of  "  The  Building  Tradei 
Mftgadne "  was  giyen  in  the  January,  1900,  number 
of  Science  and  Indubtby.  We  haye  been  requested 
bj  lome  of  our  readen  to  giye  a  deeoriptlon  of  the 
wiring  for  thlf  cottage,  and  publlah  herewith  the 
flrrt  article,  b7  Mr.  Thomai  H.  Cooper,  ihowlng  how 
to  wire  the  building  using  the  knob  and  tube  system. 
We  hope  to  publish  an  article  later  showing  how  to 
wire  the  building  using  conduit. 


1  in  front  of  the  furnace,  1  in  the  center  of 
the  remaining  space  on  this  side  of  the  cellar, 
and  1  on  the  opposite  side  at  the  foot  of  the 
stairs,  1  in  front  of  the  coal  bin,  1  over 
the  laundry  tubs,  and  1  in  the  center  of 
the  laundry-^a  total  of  7. 

For  the  first  fioor,  the  plan  of  which  is 
shown  in  Fig.  2,  we  will  use  a  center  chan- 
delier of  6  b'ghts  and  1  two-light  bracket  on 


fc 


FIG.I 

« 

each  side  of  the  space  where  the  piano  will 
be  placed,  a  total  of  10  lights;  1  four-light 
chandelier  and  1  two-light  bracket  near 
the  bufllet  in  the  dining  room,  a  total  of  6; 
1  two-light  chandelier  in  the  hall;  1  one- 
light  lantern  on  the  veranda;  1  three-light 
chandelier  and  2  one-light  side  brackets  in 
the  kitchen,  one  over  the  range  and  one 
over  the  sink;  1  one-light  side  bracket  in 
the  pantry,  1  one-light  side  bracket  in  the 
bicycle  room,  and  1  one-light  bracket  at 
the  head  of  the  cellar  stairs,  a  total  of  11 — 
and  a  grand  total  of  27  for  the  first  floor. 
For  the  second  floor,  the  plan  of  which 
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\b  shown  in  Fig.  3,  we  will  use  1  two-light 
chandelier  and  2  one-light  aide  brackets  in 
each  of  the  three  bedrooms,  one  over  the 
dresser  and  one  over  the  wash  stand;  1  one- 
light  pendant  in  the  bathroom;  1  two-light 
pendant  in  the  hall;  1  side  bracket  in  the 
linen  closet;  and  1  side  bracket  at  the  head 
of  the  stairs—a  total  of  17  lights  for  this  floor. 

To  recapitolatei  the  total  number  of  lights 
required  on  all  floors  is  7  -f  27  +  17  =  51 
16-candlepower  lights,  and  the  mains  to 
feed  this  number  of  lights  must  carry 
25}  amperes.  By  consulting  the  table  of 
carrying  capacities  of  wires  we  And  that 
No.  8  rubb^-coyered  wire  will  safely  carry 
33  amperes,  which  will  give  us  ample  allow- 
ance for  drop  of  voltage  and  for 
adding  several  lights  in  the  future. 

This  cottage  will  be  built  in  many 
different  places  and  wired  for  both 
2-  and  3-wire  service  and  for  alter- 
nating and  for  direct  current,  but  we 
will  assume  for  the  sake  of  simplicity 
that  we  are  wiring  it  for  a  2-wire  110- 
volt  direct-current  service,  and  will 
explain  the  changes  necessary  to  alter 
to  the  other  systems.  For  the  3-wire 
Edison  service  the  mains  would  be 
three  No.  12  wires;  for  an  alternating 
current  of  50  or  52  volts  the  mains 
and  branches  would  be  materially  in- 
creased in  cross-section,  and  would 
have  to  be  about  No.  5  B.  <&  S.,  be- 
cause they  would  have  to  carry  51 
amperes;  for  an  alternating  current  of 
from  100  to  110  volts  the  conditions 
are  the  same  as  for  direct  current  of 
110  volts,  as  to  sizes  and  work  of  this 
class.  This  would  not  hold,  however, 
for  work  done  in  iron  conduit. 

The  service  from  the  street  lines  or 
conduits  will,  in  all  probability,  enter 
the  building  at  the  same  place  where 
the  gas  and  water  supply  pipes  do, 
and  at  this  point  the  supply  company 
will  place  a  fuse  block,  main  plug-       • 
switch,  and  the  meter.    A  two-wire 
main-line  cut-out  is  set  on  the  supply  side  of 
the  meter,  which  is  thus  protected  on  both 
sides,  and  by  removing  the  plug  from  the 
switch  all  current  is  cut  off  from  the  house. 
The  mains  are  carried  from  the  cut-out  to  a 
point  directly  under  the  partition  separating 
the  hall  and  parlor  from  the  dining  room 
and  through  this  partition  to  the  second- 
floor  cut-out  cabinet    To  do  this  two  holes, 
one  12  inches  from  the  center  girder  and  the 
other  8   inches   from  the  first,  are  bored 
through  each  floorbeam  in  the  cellar  from 


the  front  of  the  house  to  the  partition  through 
which  the  lines  rise,  and  these  holes  are 
bushed  their  entire  length  with  poroelain 
tubes,  through  which  the  wires  are  drawn. 
Take  a  stud  in  the  partitions  for  each  line, 
and  on  this  set  knobs  every  4  feet  On 
the  first  floor,  set  flush  with  the  wall,  install 
an  asbestos-lined  box  of  sufficient  size  to 
carry  2  two-wire  double-branch  cut-outs;  the 
mains  enter  this  box  through  the  bottom, 
connect  to  each  cut-out,  and  leave  at  the  top 
through  porcelain  tubes.  Garry  the  mains 
to  the  second  floor  in  the  same  manner; 
here  they  enter  a  second  cabinet  containing 
1.  two-wire  double-branch  cut-out,  in  which 
they  end.    At  the  point  in  the  cellar  ceiling 


FIRST  FLOOR  PLAH 


Fig.  2 

where  the  mains  become  risers,  set  another 
cabinet  to  carry  1  two-wire  single-branch 
cut-out  for  the  cellar  circuit  l^bis  drcnit 
can  be  run  in  the  same  manner  as  the  mains; 
make  a  complete  circuit  of  the  cellar,  with 
taps  to  each  outlet,  or,  what  is  more  desirable, 
carry  the  branch  over  to  the  foot  of  the 
stairs  and  place  a  switch  there  to  control 
the  whole  cellar,  so  that  light  may  be  turned 
on  before  entering. 

From  the  cut-out  cabinet  for  the  first  floor 
run  a  circuit  to  a  flush  switch  set  in  the  trim 
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at  the  aide  of  the  folding  doon,  and  firom 
this  to  the  center  outlet  and  the  two  aide 
hrackets  in  the  parlor;  mn  a  second  drcoit 
to  a  flush  switch  set  in  the  trim  at  the  side 


•SECOND  FLOOR  PLAN 
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of  the  door  entering  from  the  hall  to  the 
dining  room,  and  from  there  to  the  center 
outlet  and  bracket  outlet;  run  the  third  cir- 
cuit to  a  flush  switch  set  in  the  trim  in  the 
hall,  at  the  side  of  the  folding  doors,  and 
from  there  to  the  hall  outlet;  carry  the  fourth 
circuit  to  the  rear  of  the  house,  cross  over 
to  the  right-hand  wall  and  back  in  a  straight 
line  to  the  veranda  outlet,  taking  taps  for  the 
pantry,  kitchen,  head  of  stairs,  and  bicycle 
room. 

These  branches  are  all  No.  14  rubber-cov- 
ered wire,  and  are  to  be  run  on  separate 
beams  when  running  in  the  direction  of  the 
beams,  and  when  crossing  them  they  are  to 
be  kept  10  inches  apart;  on  approaching  the 
switches  and  side  outlets  take  separate  studs; 
when  passing  through  a  beam  and  making  a 
sharp  turn,  set  knobs  unless  the  tube  has  a 
head  sufficient  to  keep  the  wire  i  inch  from 
the  beam. 

The  second  floor  we  divide  into  circuits 
without  switches,  using  key  sockets  to  con- 
trol the  lights  as  may  be  desired.  No.  1 
circuit  takes  the  lights  on  the  left-hand  side 
of  the  floor  and  the  bathroom  light,  carrying 


9  lights  in  all,  while  the  No.  2  circuit  carries 
8  lights. 

Only  the  ordinary  kit  of  tools  will  be  re- 
quired for  this  work,  with  the  exception  of 
a  boring  tool.  A  knuckle  joint  can 
be  used  to  get  through  the  beams, 
but  a  special  tool  is  made  for  this 
class  of  work,  and  in  the  hands  of 
an  efficient  workman  this  tool  soon 
pays  for  itself.  No.  4  porcelain 
knobs  with  ties  can  be  used  for  the 
entire  job,  but  G.  E.  separable 
knobs  or  security  knobs  are  much 
better,  as  they  save  time,  make  a 
neater  job,  and  do  not  injure  the 
insulation  of  the  wire.  A  regular 
curved  outlet  tube  is  used  for  each 
wire,  and  this  is  securely  fiutened 
to  the  gas  outlet  with  tape  and 
allowed  to  extend  about  half  an 
inch  through  the  plaster,  as  shown 
in  Fig.  4. 

When  completed,  this  work,  if 
neatly  and  securely  done,  should 
test  at  least  a  megohm  resistance 
between  the  conductors  and  the 
earth.  Where  the  wires  cross  gas 
pipe  or  any  metal,  use  a  porcelain 
tube  and  tape  it  to  the  wire  so  that 
it  will  stay  in  its  place,  as  shown  in 
Fig.  5.  Lay  out  the  hole  lines  on 
the  faces  of  the  beams  with  a  chalk 
line,  and  bore  the  holes  straight— 
it  does  not  take  any  longer  and  looks  better. 
The  plans  of  this  house  provide  for  two 
flnished  rooms  on  the  third  floor,  but  to  wire 
these  it  will  not  be  necessary  to  carry  the 
mains  any  fkrther  than  the  cabinet  on  the 
second  floor.  Install  an  additional  two- wire 
single-branch  cut-out,  and  take  the  branch 
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wires  up  through  the  partition  to  the  ceiling 
and  leave  two  outlets,  one  in  each  room  in 
the  center  of  the  ceiling  or  on  the  side  wall. 
This  will  not  increase  the  cost  over  ten 
dollars.  It  will  be  seen  by  referring  to 
Figs.  1,  2,  and  3  that  the  circuits  might  be 
laid  out  in  such  a  manner  as  to  shorten  the 
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wires,  but  it  is  not  wise  to  saye  in  one 
respect  and  lose  in  another.  By  foUowing 
the  plans  laid  out  we  do  not  weaken  the 
beams,  as  we  bore  the  holes  dose  to  either 
the  side  walls  or  the  center  girder,  and  by 
taking  the  taps  between  bcMuns  we  save 
boring,  and  since  the  items  of  strength  and 
labor  are  more  important  than  material,  the 
balance  is  largely  in  fsivor  of  this  plan. 

The  cost  of  wiring  this  building  will  vary 
according  to  the  locality,  but  should  be  from 
175  to  1100.  The  materials  required  are: 
About  1,000  feet  of  No.  14  rubber-coyered 
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wire,  75  feet  of  No.  8  rubber-covered  wire, 
350  4-inch  tubes,  250  knobs,  4  flush  switches, 
3  two-wire  double-branch  cut-outs,  1  two- 
wire  single-branch  cut-out,  25  10-inch  tubes, 
2  wall  cabinets,  and  screws,  tape,  solder,  etc 


The  installation  will  require  about  6  days' 
labor  of  a  man  and  helper.  The  fixtures 
will  be  combination,  with  inwnlating  joints 
and  Edison  lined  key  sockets. 

A  few  hints  in  regard  to  doing  the  work 
may  not  be  amiss.  B<ffe  the  holes  in  the 
center  of  the  beams,  where  other  mechanics 
will  not  drive  nails  through  them  and  thus 
break  the  tabes  and  cut  the  wires.  Solder 
all  Joints  well  and  tape  thmn  thoroughly. 
Do  not  nick  the  wire  when  removing  insa- 
lation.  Use  no  broken  tubes.  Pi^  the 
wires  tight  and  do  not  be  afraid  to  use  knobs. 
As  the  gas-fitting  has  not  been  done,  leave 
the  outlet  wires  until  gas  drops  are  com- 
pleted, and  then  finish  as  shown  in  Fig.  4. 
The  switch  outlets  are  left  until  the  trim  is 
in,  when  they  are  drawn  through  the  holes 
left  for  the  switches.  The  wires  are  covered 
with  circular  loom  from  the  last  knob  up 
to  the  switch.    Connect  and  set  the  switch. 

This  is  the  cheapest  and  a  safe  way  to  wire 
the  cottage,  but  it  has  the  disadvantage  that 
the  conductors  are  permanently  fiutened  and 
cannot  be  drawn. 

In  another  article  we  will  show  how  to 
wire  this  cottage  with  iron  conduit  and 
panel  boards,  a  more  costiy  but  better  job. 
The  question  of  bell  annunciator  and  bui^^ 
alarms  will  also  be  treated  later  on. 
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School  of  Abchitigctukx 


AFTER  a  student  has  been  initiated  into 
.  the  inner  circle  sorrounding  art  work- 
ers, and  he  has  advanced  suffidentiy  to 
appreciate  that  theory  and  practice  are  indis- 
pensable to  worthy  products,  he  will  realize 
the  existence  of  a  mental  atmosphere  that 
was  hitherto  unknown  to  him.  What  other- 
wise appeared  as  abstractions  to  him,  he 
will  see  hidden  behind  every  inert  mass, 
and  the  spirit  of  the  master  will  converse 
with  him  when  he  analyzes  the  creations  of 
the  master  mind.  No  city  on  the  globe 
presents  such  varied  problems  of  building 
construction  and  architectural  treatment  as 
does  the  Empire  City  of  the  Empire  State. 
It  is  thus  fit  and  proper  that  Columbia  Uni- 
versity should  number  among  her  schools 
of  instruction  that  of  Architecture,  so  that 
her  students  can  labor  among  surroundings 
that  are  every-day  inspirations. 
The  School  of  Architecture  was  founded  in 


the  year  1881,  through  the  generosity  of  Mr. 
F.  A.  Schermerhom,  under  the  direction  of 
Professor  William  R.  Ware.  The  four-year 
course  of  study  .includes  history,  drawing  and 
design,  architectural  engineering,  building 
construction,  specifications,  etc.  during  the 
first  three  years,  while  the  last  year  is 
devoted  to  independent  work  along  post- 
graduate lines.  The  university  courses  are 
ofiered  to  graduates  of  the  four-year  course, 
and  represent  advanced  study  in  history 
and  design  or  construction  and  practice. 
Special  courses  are  given  to  applicants  who 
have  had  three  or  four  years'  practical 
experience  as  draftsmen  in  offices. 

Any  one  desiri  ng  detailed  information  per- 
taining to  the  courses  in  this  great  and  pro- 
gressive educational  institution,  can  obtain  a 
copy  of  "  The  University  Quarterly  "  by  ad- 
dressing the  Bursar  of  Columbia  University, 
New  York. 


Digitized  by 


Google 


USErUL  IDEAS 


PLAN     FOR    DISTRIBUTING    INK    TO    THB 
BifPLOYBS  OP  A  LARQB  INSTITUTION 


One  of  Them 

I  AM  one  of  aboat  a  thousand  employes 
in  a  large  institation  where  most  of  as  have 
two  or  three  ink  wells  in  constant  service, 
using  jmndpally  black,  copying,  and  red 
ink.  The  buildings  we  occupy  are  of  a  yery 
fine  character,  and  everything  must  be  kept 
scrupulously  neat  and  dean.  Not  even  a 
drop  of  ink  must  be  spiUed  on  the  floor  or 
spattered  on  the  walls,  desks,  or  furnishings, 
for  our  institution  is  one  of  the  '*  sights"  of 
the  town,  and  many  visitors  '*take  it  in." 
We  formerly  bought  our  ink  in  quart  bottles 
having  patent  stoppers  with  two  holes,  as 
shown    in    Fig.    1.    Each    employe    was 

expected  to  fill 
his  own  ink 
wells.  This  ar- 
rangement did 
not  work  well, 
for  the  bottles 
occasionally  got 
upset,  and  in 
one  or  two  iu- 
stances  slipped 
from  the  hands 
and  fell  on  the 
floor,  causing 
^  ink  stains  that 
will  last  a  life- 
time; and,  be- 
sides the  risk  of 
disfigurement  of 
property  by 
such  little  acddents,  too  much  time  was  spent 
in  filling  ink  wells.  Then  the  question  arose 
as  to  how  these  ink  wells  could  be  quickly 
filled  without  spilling  a  drop.  Nothing  could 
be  found  on  the  market  to  ''  fill  the  bill,"  so 
one  of  our  men  was  asked  to  exercise  his 
ingenuity  in  devising  something  that  would 
accomplish  the  object  After  a  great  deal 
of  hard  thinking  and  not  a  little  experiment- 
ing, he  finally  completed  an  arrangement 
that  operates  on  the  principle  of  a  pneu- 
matic pimip,  as  shown  in  Fig.  2.  The  corks 
of  our  old  quart  bottles  were  thrown  away 
and  a  combination  stopper  and  pump  used 
instead.  A  rubber  bulb  1}  inches  in  diam- 
eter is  attached  to  the  stopper,  and,  when 
this  bulb  is  pressed,  air  forces  ink  up  the 
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tube  &  and  ejects  it  from  a  nozzle  c  into  the 
ink  wells.    A  Hiich  hole  is  made  in  the  top 
of  the  bulb  to  let  in  air  the  moment  the 
thumb  is  removed  from  it 
The  tuVje  b  is  made  of  rub- 
ber  and   extends   to  the 
lowest  part  of  the  bottle, 
_  from  which  it 

**  ^  draws  the  ink 
supply.  One 
of  the  best  features 
of  the  apparatus  is 
that  the  ink  never 
drops  from  the  noz- 
zle, for  the  moment 
the  hand  is  removed 
the  ink  in  the  nozzle 
and  tube  drains 
back  to  the  bottle, 
air  being  sucked  in 
through  the  nozzle  to 
take  its  place.  There 
is  nothing  imaginary 
about  this  arrange- 
ment, for  we  have  had 
a  large  number  of 
them  in  constant  use 
since  October  of  last 
year,  and  they  have 
never  given  us  trouble,  except  when  some 
memb^  of  the  janitor's   force  failed   to 


Fig.  2 
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push  the  stopper  down  air-tight  after  fill- 
ing a  bottle. 
In  order  to  prevent  the  ink  bottles  from 
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filling,  and  to  flacilitate  distributioii  and 
keep  the  bottles  together  in  a  safe  place,  we 
had  a  number  of  polished  mahogany  carriers 
made  that  would  hold  a  set  of  three  bottles 
.and  a  small  dreg  dish,  which  is  nothing  bat 
a  good-sized  be^  glass.  The  box  is  divided 
into  four  spaces  by  two  cross  partitions  of 
{-inch  wood,  as  shown  in  Fig.  3.  A  brass 
shelf  is  arranged  at  each  end  to  support  ink 
wells  while  they  are  being  filled;  ttie  whole 
upper  part  is  bound  with  ^inch  split  brass 
tubing,  and  the  handle  is  also  made  of  the 
same  material.  All  the  brass  work  is  buffed 
and  lacquered  and  the  mahogany  polished, 
so  it  will  readily  be  seen  that  the  entire 
arrangement  is  a  thing  of  beauty  as  well  as 
of  utility. 

Fig.  4  shows  a  young  lady  filling  an 
ink  welL  She  simply  places  the  well 
under  the  nozzle  of  the  bottle  that  is 
labeled  with  the  kind  of  ink  she  wants,  and 
then  presses  the  bulb  once  and  the  job  is 
done.  She  does  not  handle  the  big  bottles 
at  all.  We  now  buy  our  ink  in  kegs,  which 
is  cheaper. 

The  janitors  see  that  the  cases  are  filled 
every  evening,  and  office  boys  are  detailed 


THB  MOVBL  8CRIBBR 


to  go  all  over  the  buildings  every  morn- 
ing and  fill  all  ink  wells  that  need  re- 
plenishing, and  not  a  drop  is  spilled. 
The  dregs  or  sediment  in  nearly  empty  wells 
is  poured  into  the  dreg  glasses,  and  is  then 
taken  care  of  by  the  janitors. 


E.  L.  SpiUer,  IsUmd  Pond,  VL 

Thb  following  description  and  sketch 
shows  a  handy  tool  for  scribing  flooring 
about  curved  baseboards,  and  it  will  also  be 
found  useful,  in  all 
curved  and  straight 
work.  The  accom- 
panying figure 
shows  the  scriber 
in  position  ready 
for  use.  Its  con- 
struction is  clearly 
shown  by  the 
sketch.  The  blade 
a  is  about  6  inches 
long  and  f  in.  X  i 
in.  This  is  halved 
or  otherwise  fixed 
to  &,  which  is  of  like 
cross-section   and 

about  3  inches  long.  The  pieces  c  and  d  are 
firmly  secured  to  the  cross-piece  b  and  are 
rounded  at  the  lower  ends  so  as  to  slide  more 
easily  along  the  surflEuse  of  the  outline  it  is 
desired  to  scribe.  The  holes  «,  A  ^,  etc.  shoold 
be  bored  of  such  a  size  that  the  pencil  will  fit 
them  tightly.  It  is  necessary  to  make  the 
device  of  some  hard  wood,  in  order  to  get  a 
substantial  and  efficient  tool.  Holes  for  the 
pencil  are  also  made  at  h  and  i,  because  they 
are  sometimes  even  more  convenient  than 
those  on  the  center  line  of  the  blade.  I  have 
used  this  tool  considerably  and  it  has  proven 
satisflactory.       

A  QUICK-DRYINO  MARKING  INK 

Frank  N.  Blake,  North  Adams,  Mau, 

A  GOOD  waterproof  marking  ink  that  dries 
almost  instantly  and  does  not  rub  off,  thus 
spoiling  the  appearance  of  the  article  marked 
and  whatever  comes  in  contact  with  it,  may 
be  made  by  taking  the  required  amount  of 
wood  alcohol  and  adding  enough  nigrosene 
to  give  the  desired  depth  of  color,  and 
enough  unbleached  shellac  to  prevent 
spreading,  when  applied  to  wood  or  paper. 
Any  aniline  color  may  be  used  if  preferred 
to  black.  Ordinary  alcohol  can  be  used 
instead  of  wood  alcohol,  but  it  is  more 
expensive  and  no  better. 

Keep  the  ink  in  a  bottle  fitted  with  a  per- 
forated rubber  stopper,  through  which  passes 
the  handle  of  the  marking  brush;  this  keeps 
the  brush  in  good  condition  and  prevents 
waste  and  thickening  by  evaporation.  A 
cork  stopper  should  not  be  used,  as  the 
shellac  will  stick  it  to  the  bottle  and  tear 
out  little  pieces  of  cork. 
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A  DIFFICULT  BORING  JOB 
MaeMnUt 


Thb  following  description  of  how  a  diffi- 
colt  job  of  boring  was  acoomplished  may  be 
of  interest  to  some  readers.  It  was  required 
to  bore  a  central  hole  through  two  lengths 
of  propeller  shafting,  each  24  ft.  6  in.  long, 
and  the  hole  had  to  be  smaller  in  diameter 
at  the  ends,  as  shown  at  (a)  in  the  iUnstra- 
tion.  A  straight  hole 
2\  inches  in  diameter 
was  drilled  first  of  all 
through  the  shafts, 
which  were  revolved 
in  a  lathe,  one  end 
being  held  in  a  chuck  _ 
and  the  other  in  the  ^| — 
steadying  rest  Using  i_'~ 
an  ordinary  lathe  bor-  ^ 
ing  tool,  the  two  ends 
of  the  hole  were  tapered  the  required  distance. 
A  tool  made  as  shown  in  views  ( & )  and  ( c)  was 
then  inserted  and  the  hole  enlarged.  As 
shown,  the  tool  is  simply  a  counterbore  soar- 
ranged  that  the  cutting  blades  can  be  moved 
towards  the  axis  an  amount  sufficient  to 


allow  the  tool  to  be  inserted,  when  they  are 
expanded  again  to  3  inches.  Th^  counter- 
bore  is  made  of  a  hollow  piece  of  steel  a, 
slotted  at  one  end  to  receive  the  cutters 
c  and  </,  which  may  be  set  out  by  means  of 
the  screw  b  having  one  end  tapered  as 
shown.  The  screw  can  be  turned  by  insert- 
ing a  small  piece  of  wire  through  the  slot  d 
into  one  of  the  holes  shown  and  turning  it. 
The  slot  extends  around  one-quarter  of  the 
drcumferenoe,  to  allow 

5 n 1  this  to  be  done.    The 

1         i  body  o  is  made   of  a 

^•^  length  sufficient  to 

bring  the  feednalot  out- 

i  side  the  propeller  shaft, 

when   the  cutters   are 

at  «   if  inserted   firom 

j.        -|  ^^  left-hand  end,  or  at 

9^  if  inserted  from  the 

right-hand    end.     The 

tool  js  attached  to  long  steel  rods,  as  r,  and 

fed  in  by  means  of  the  tailstock  while  the 

propeller  shaft  is  revolving.    A  copper  tube 

let  into  the  body  of  the  tool  supplies  the 

cutting  edges  with  oil,  which  is  ptmiped  in 


by  a  small  ptmip. 
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MANTELS  AND  FIRBPLACB8 

At  246  Front  Street,  New  York,  right 
under  the  shadow  of  the  great  Brook- 
lyn bridge,  flourishes  a  business  that  was 
established  there  70  years  ago  by  the 
father  of  the  present  proprietor.  The 
present  firm  name  is  W.  Jackson's  Son. 
A  glance  into  the  store  shows  a  large  line 
of  wood  mantels,  elegantly  decorated  brass 
fireplaces,  grates,  etc.  Beautiful  designs  for 
hearthstones  are  wrought  out  in  enameled 
tiles,  and  the  salesroom  presents  the  appear- 
ance of  fieuryland.  Gas  logs  for  natural  or 
artificial  gas,  with  fittings  for  wood  fire- 
places, are  a  large  part  of  their  business. 
An  illustrated  little  booklet  showing  many 
designs  of  mantels  and  other  goods  will  be 
maUed  to  any  one  who  asks  for  "  Cata- 
logue F."  

THB  FRANKLIN  QA8  BNQINB 


Many  of  the  amateurs  who  have  a  copy 
of  the  book  ''Gas  Engine  Construction," 
noted  in  the  September  number,  will  be  glad 
to  learn  that  the  authors,  Messrs.  Parsell  <& 
Weed,  129-131  West  Thirty-First  Street, 
New  York,  are  prepared  to  furnish  a  com- 


plete'set  of  parts  for  the  engine  whose  con- 
struction is  described  in  their  book.  The 
various  parts  may  be  obtained  either  rough 
or  finished,  thus  enabling  th&  owner  of  the 
book  to  fit  up  the  epgine  with  few  tools,  if 
he  so  desires.     

CATALOQUB  OF  THB  FRASSB  CO. 


Ws  ABs  in  receipt  of  a  booklet  catalogue 
of  The  Frasse  Co.,  88  Courtlandt  Street, 
New  York  City,  which  they  call  their 
"  Bargain  Display."  The  range  of  articles 
covered  in  it  is  very  wide— tools,  pocket 
cutlery,  parts  for  models,  gear  wheels,  files, 
motor  bicycles,  and  many  other  things — 
and  they  advise  us  that  every  article  is 
guaranteed  as  represented,  and  offered  at  a 
positive  bargain  price  for  a  short  time.  This 
catalogue  will  be  sent  free  of  cost  to  any  one 
who  names  this  magazine. 

GOOD  JAPANB8B  CONTRACT 

Thb  Japanese  Government  has  just  placed 
an  Older  with  The  Burt  ManuflACturing  Co., 
of  Akron,  Ohio,  for  the  complete  equipment 
of  the  imperial  steel  works  with  ten  of  the 
largest  oil  filters.  This  is  the  very  largest 
and  most  up-to-date  steel  plant  in  Japan, 
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and  is  owned  and  operated  by  the  govern- 
ment. The  Burt  Go.  Becnred  the  order  in 
competition  with  other  American  as  well  as 
English  and  German  manuHactiirers. 


ANQLB  BBNDER 


The  Wallace  Supply  Company,  56  Fifth 
Avenue,  Chicago,  lU.,  supply  a  very  con- 
venient machine  for  bending  angles  in  round 
and  rectangular  stock  by  hand.  The  No.  1 
machine  will  take  iron  or  steel  as  large  as 
2  in.  X  i  iiich,  or  |  in.  round,  and  form  any 

angle  from  0 
to  90  degrees. 
Light  stock 
can  be  bent 
cold,  and  spe- 
cial dies  for 
bending  odd 
shapes  can  be 
supplied.  The  No.  2  machine  will  bend  stock 
4  in.  X }  inch  on  a  flat  bend  and  1|  in. 
X  i  in.  edgeways.  Some  samples  of  work 
done  on  this  machine  are  shown  in  the 
accompanying  illustration.  Any  further 
particulars  will  be  promptly  furnished  on 
application  to  the  makers. 

WHY  MBTAL  CBILINQS  ? 


That  stamped  metal  is  rapidly  superseding 
all  other  materials  for  ceiling  ornamentation 
and  finish  is  little  to  be  wondered  at  when 
its  numerous  advantages  are  considered. 
Not  only  does  it  offer  large  possibilities  in 
architectural  decoration  and  treatment,  but 
it  is  safe,  more  or  less  fireproof,  hygienic, 
and,  best  of  all,  moderate  in  first  cost  and 
economical  on  account  of  its  durability. 

The  metallic  ceiling  produced  by  The 
Berger  Mfg.  Co.,  of  Canton,  O.,  appeals 
especially  to  the  architect  or  asthetic  house- 
holder on  account  of  the  harmonious  and 
artistic  effects  they  produce.  The  designs 
are  classified,  so  that  any  architectural  style 
may  be  had,  and  whether  in  the  Romanesque, 
Renaissance,  or  Colonial,  they  all  have  the 
rich  plastic  effect  so  characteristic  of  day 
modeling. 

''Why  Metal  Ceilings?"  is  a  question 
having  several  convincing  answers,  which 
are  plainly  set  forth  in  a  pamphlet  of  that 
title,  which  will  be  sent  on  request. 

THB  BHRSAM  WATBR-TUBB  BOILBR 

J.  B.  Ehbsam  &  Sons,  Enterprise,  Kan., 
have  sent  us  a  copy  of  their  booklet  descri- 
bing the  Ehrsam  water-tube  boiler.  This 
booklet  will  interest  any  one  who  has  use 


for  a  boiler  for  generating  steam  for  small 
powers.  Those  who  demand  a  compact  and 
economical  self-contained  boiler  that  can  be 
kept  dean  easily  and  that  embodies  the  ele- 
ments of  safety  inherent  in  the  water-tube 
tyi>e,  will  find  the  Ehrsam  boiler  particularly 
worthy  of  consideration.  A  copy  of  the 
booklet  can  be  obtained  by  writing  to  the 
address  of  the  builders. 


THB  STANLBY  RULB  AND  LBVBI^  CO. 

Wb  have  received  catalogue  No.  26,  issued 
August,  1900,  of  the  Stanley  Rule  and  Level 
Company,  New  Britain,  Conn.  This  cata- 
logue is  essentially  a  mechanics'  handbook 
of  standard  rules,  plumbs,  and  levels,  iron 
and  wooden  planes,  try  squares,  bevels,  and 
a  vast  number  of  other  miscellaneous  tools 
that  no  wookworker  should  be  without. 
We  especially  note  that  attention  is  called 
in  the  introduction  to  the  jfoct  that  the 
design  of  many  of  the  special  tools  shown 
originated  in  the  suggestion  of  customers, 
and  that  such  suggestions  will  always  be 
gladly  received.  This  frank  statement  is 
highly  commendable.  Attention  is  also 
called  to  the  fact  that  many  special  tools, 
formerly  too  expensive  to  be  found  in  every 
tool  kit,  are  now  made  by  improved  methods, 
and  in  such  quantities  as  to  reduce  the  price 
enough  to  place  them  within  reach  of  alL 
This  catalogue  should  prove  useful  to  any 
woodworker;  it  will  be  sent  free  of  charge 
on  application  to  the  Company  issuing  it. 

BOOK  NOTICB 
LiaHTINO    BY    ACSTYLSNB.     By    Wm.    E. 

Gibbs,  M.  E.  160  pages;  second  edition; 
revised  and  enlarged.  D.  Van  Noetrand  Co., 
New  York.    Price  11.50. 

This  book  is  invaluable  to  all  who  are 
interested  in  the  manufacture  and  distribu- 
tion of  acetylene  gas.  It  gives  a  history 
of  its  introduction  and  treats  very  folly 
on  its  generation.  The  electric  furnaces  and 
the  many  different  kinds  of  machines 
used  for  this  purpose  are  described  and 
illustrated,  as  are  also  lamps  of  the  portable 
type.  Burners,  upon  which  so  much  depends 
for  the  success  of  an  acetylene  plant,  are 
considered  in  detail  in  a  special  chapter. 
The  book  also  contains  the  underwriters' 
rules  in  regard  to  acetylene-gas  generators, 
and  gives  a  list  of  the  United  States  patents 
up  to  quite  a  late  date  on  caldum  carbide 
and  acetylene  apparatus.  Any  one  experi- 
menting with  caldum  carbide  to  develop  a 
generator,  for  instance,  cannot  afford  to  be 
without  this  book. 
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Note.— ^ddreM  aS  letters  eontoinln^  git«8£tofu  to  5e 
Ofwwered  <n  tMs  deparem«n<  to  Sobncb  uid  Indubtby, 
ScrofitoiKi  Ai. 

1.  Pitf  CM«  oddreas  bo(A  on  (^  atvetope  iimd  fA  the 
head  qf  the  letter. 

f .  Only  queeUont  <tf  general  Intereet  to  our  readers 
«mB  be  anewered. 

8.    No  queetiom  will  be  anewered  by  mail. 

i.  J>r<Mni»gt  or  sketches  accompanying  quettiona  should 
be  made  on  a  separate  sheet  qf  paper,  and  should  be 
drawn  as  dearly  as  possible. 

6.  The  names  and  addresses  <tf  the  writers  must 
e^eoompany  the  letters,  or  no  attention  will  be  paid  to 
them.  Unless  otherwise  requested,  we  wiU  pubUsh  only 
the  inUials  and  address  qf  the  writer. 

S,  Bitferenee  to  inquiries  previouAy  answered  should 
give  date  qf  issue  and  number  qf  question. 

7.  Questions  cannot  be  answered  in  the  issue  qf  the 
month  immediately  following  their  reoeipL 

8.  Any  book  not  out  qf  print  and  for  sale  by  regukar 
dealers  may  be  ordered  through  the  magazine. 

9.  We  wlU  not  undertake  to  calculate  windings  qf 
dynamos  and  motors,  as  this  involves  considerable  work 
and  is  addom  justified. 


(481)  Given,  two  seoond-motlon  hoisting  engines 
having  the  same  dimensions;  both  have  7-inch 
pinions,  bnt  one  has  a  42-inch  gear  while  the  other 
haa  a  40-inch  gear.    Which  engine  is  higher  geared? 

T.  C.  S.,  GarroUton,  Wash. 
Aks.— Since  the  engine  having  the  42-inch  gear 
will  start  the  heavier  load,  some  would  call  it  the 
higher-geared  engine.  The  engine  with  the  40-inch 
gear  will  hoist  faster  on  the  seme  nnmber  of  revolu- 
tions, however;  hence,  f'Ome  people  wonld  call  this 
engine  the  higher-geared  one.  You  can  see  that  it  is 
merely  a  question  of  the  standpoint  from  which  you 
look  at  the  matter. 

.*. 

(482)  (a)  Has  there  ever  been  produced  or  in- 
vented a  double-cylinder  quarter-stroke  reversible 
steam  engine  with  a  rotary  valve  or  rotary  cut-ofT? 
(5)  What  should  be  the  dimensions  of  the  cylinders 
to  develop  4  horsepower  in  a  double-cylinder  engine 
when  run  at  the  highest  practicable  speed?  (c)  At 
what  part  of  the  stroke  should  steam  be  cut  off  ? 

D.  H.  M.,  MyersvUle,  Md. 
Ams.— (a)  Reversible  double  engines  with  rotary 
vaif  es  have  frequently  been  built  for  hoisting  pur- 
poses and  for  rolling-mill.  work.  (6)  These  di- 
mensions cannot  be  calculated  unless  the  boiler 
pressure  is  given.  The  highest  practicable  speed  at 
which  a  double  reversing  engine  can  be  run  is  a 
variable  quantity  that  depends  very  largely  on  the 
care  with  which  the  rotating  and  reciprocating 
parts  are  balanced  and  on  the  excellence  of  the 
workmanship.  Piston  speeds  as  high  as  1,500  feet 
per  minute  have  been  obtained  in  practice  under 
very  fhivorable  oonditionr.  For  such  a  small  engine 
as  you  desire,  a  piston  tpeed  of  500  feet  per  minute 
would  be  conservative.  Then,  choosing  a  length  of 
stroke  of  8  inches,  a  cut-off  at  quarter  stroke,  a  boiler 
B  of  50  lb.,  and  assuming  the  engine  to  run  at 


1,000  revolutions  per  minute,  the  cylinder  diameter 
is  2A  inches,  (c)  The  dimensions  of  the  cylinders 
are  based  on  a  cut-off  at  quarter  stroke. 


(433)  In  the  appended  sketch  of  a  slide  valve  is 
shown  a  supplementary  port  intended  to  return  part 
of  the  steam  to  the  opposite  side  of  the  piston  Just 
before  exhaust 
to  the  atmos- 
phere takes 
place.  The  in- 
ventor claims 
that  he  thereby 
raves  15<(  to  25f( 
in  fuel  over  the 
common  slide 
valve.  I  claim 
that  bv  using 
an  ordinary 
slide  valve  with 
enough    Inside 

lap  I  can  accomplish  the  same  thing.    Who  is  right  ? 
J.  H.  C,  Sheffield,  Mo. 

Ans.— No  steam  or  ftiel  will  be  saved  by  this  sup- 
plementary port.  As  far  as  your  own  claim  is 
concerned,  you  are  not  likely  to  decrease  the  ftiel  con- 
sumption by  increasing  the  inside  lap  of  a  common 
slide  valve.  An  increase  of  the  inside  lap  causes  a 
later  release  and  an  earlier  compression. 


(434)  Do  vou  know  anything  in  regard  to  wire 
lacing  for  belts?  What  are  its  advantages  over  ordi- 
nary lacing?  How  are  belts  laced  with  wire,  and 
what  kind  of  wire  is  used  ? 

J.  R..  Severn  Bridge,  Ontario. 

Ans.— Wire  lacing  for  belts  is  quite  extensively 
used  in  the  United  States.  Its  advantages  are  that  a 
belt  can  be  laced  quicker  than  by  any  other  method; 
the  cost  of  the  lacing  is  much  less;  the  lacing  is  the 
same  on  both  sides  of  the  belt  and  even  with  its 
surface;  and  the  belt  can  be  connected  up  or  dis- 
connected in  a  moment.  Its  disadvantage  is  that 
it  Is  impossible  to  lace  the  belt  by  hand;  a  machine 
specially  made  for  this  purpose  must  be  used.  The 
wire  used  is  ordinary  steel  wire.  The  machine  and 
lacing  for  it  can  be  obtained  from  Robert  Blssell, 
15  North  Fourth  Street,  Philadelphia,  Pa.,  U.  S.  A. 


(435X   (a)  What  is  the  radius  of  the  link  arc  in  the 
Stephenson  link  motion?    (b)  What  causes  gauge 

S'Etfsee  used  on  marine  boilers  to  be  eaten  away  on 
e  bottom  end?  (c)  I  have  seen  a  valve  gear  fitted 
to  a  marine  engine  in  which  no  eccentrics  are  used. 
The  valve  gear  is  connected  to  the  center  of  the 
connecting  rods,  and  the  motion  is  transmitt«^ 
through  suspended  levers  to  the  valve  stem.  Kindly 
give  the  name  of  the  valve  gear. 

C.  A.  A.,  Manila,  Philippine  Islands. 
Ans.— (a)  The  radius  of  the  link  is  generally  taken 
equal  to  the  distance  fh>m  the  center  of  the  eccen- 
tric to  the  center  of  the  link  block  when  in  full  gear, 
or  what  is  the  (ame  thing,  the  distance  firom  the 
center  of  the  shaft  to  the  middle  position  of  the 
center  of  the  link  block  in  Itill  gear.  When  thus 
made,  the  valve  will  move  very  nearly  equally  on 
both  sides  of  a  fixed  point  (5)  While  we  know  from 
personal  observation  that  this  is  often  the  case,  we 
are  unable  to  give  a  satisfactory  explanation  of  the 
phenomenon,  (c)  Judging  Item  the  limited  descrip- 
tion given,  we  are  inclined  to  think  that  the  engine 
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is  fitted  with  Joy'B  patent  valve  gear.  Without  Beeing 
a  sketch  of  it  we  cannot  state  so  definitely,  how- 
ever. 

••• 

(486)  (a)  Please  explain  the  hydrocarbon  system 
for  propelllnj;  antomobiles.  (b)  What  chemicals  are 
nsea  in  C.  D.  Gibson's  carbonio-aeid  system?  (e) 
How  can  I  make  a  good  carbureter  for  a  i-horse- 
power  gasoline  engine? 

J.  E.  W.,  Wheeling.  W.  Va. 

Am.— (a)  The  term  hydrocarbon  used  In  connec- 
tion with  methods  of  driving  automobiles  refers  to 
the  character  of  the  fuel  used  In  the  motor.  A 
hydrocarbon  motor  is  one  that  uses  a  hydrocarbon 
vapor  as  ftiel  in  the  same  manner  that  gas  is  used 
in  a  gas  engine.  The  particular  vapor  most  used 
In  this  country  is  gasoline;  hence,  an  automobile 
using  the  hydrocarbon  system  is  generally  one 
propelled  by  a  gasoline  engine.  (6)  In  the  carbonlo- 
acid  system,  liquid  carbonic^add  gas  is  stored  In 
tanks  and  power  is  obtained  flrom  the  gas  formed 
by  the  evaporation  of  this  liquid,  either  from  the 
heat  obtained  from  the  surrounding  air  or  from 
any  other  convenient  source.  The  gas  is  used  in 
an  engine  similar  to  an  ordinary  steam  engine, 
(e)  We  cannot  devote  as  much  space  in  these 
oolumns  as  would  be  required  for  a  description  of 
a  carbureter.  Most  of  the  sucoessftil  carbureters 
are  patented,  and  much  more  satisiiactory  results 
can  be  obtained  from  one  of  these  than  from  any 
simple  home-made  device. 


(487)  (a)  What  is  the  temperature  of  steam  under 
75  lb.  boiler  pressure?  (D)  What  is  the  difiTerence 
between  the  temperature  of  the  inner  surface  and 
the  temperature  of  the  outer  surface  of  a  1-inch  pipe 
filled  with  steam,  assuming  that  the  pipe  is  sur- 
rounded by  air  at  a  temperature  of  K9  F.  ?  (e)  What 
is  the  loss  of  heat  in  passing  through  an  Iron  pipe 
from  the  steam  to  the  air  surrounding  the  pipe? 
(d)  In  a  drawing  room  heated  by  steam  pipes  and 
ventilated  by  a  fan,  is  it  better  to  blow  air  in  between 
the  steam  pipes  or  to  suck  it  out  of  the  building  from 
the  ceiling?  C.  W.  Q.,  8t.  Hyacinth.  Can. 

Ans.— (a)  820P  F.  (b)  The  dUTerenoe  in  the  tem- 
perature is  so  dight  that  it  is  considered  by  heating 
engineers  to  be  inappreciable.  Thus,  it  is  usually 
considered  that  the  temperature  of  the  outer  sur- 
face of  a  pipe  containing  steam  at  75  lb.  pressure  is 
about  320».  This  is  due  to  the  fact  that  the  air  takes 
heat  from  the  pipe  very  slightly,  compared  with  the 
capacity  of  the  pipe  to  conduct  the  heat  from  its 
inner  to  its  outer  surface,  (c)  There  is  no  loss. 
((f)  This  depends  considerably  on  the  construction 
of  the  apparatus.  Ordinarily  speaking,  either  plan 
will  give  good  results.  Presumably  the  suction 
method  is  favored  more  than  the  other. 


(438)  (a)  Is  it  absolutely  necessary  to  use  the 
by-pass  valve  of  a  Vauclain  compound  locomotive 
when  starting— either  as  a  lone  engine  or  with  a 
train?  (b)  Is  there  any  such  iron  as  Russian  iron, 
or  is  it  slmplv  ordinary  iron  put  through  some 
process  to  give  it  a  gloss?  Does  the  genuine  Russian 
iron  ever  get  rusty?  (e)  Are  the  steam  and  sir 
cylinders  of  a  Westinghouse  9f-inch  pump  of  the 
same  diameter?  (d)  Which  gives  off  the  greatest 
heat,  alcohol  or  gasoline?  (e)  How  does  an  excess 
of  air  supplied  to  the  firebox  cause  loss  of  heat,  and 
how  is  such  a  condition  detected?  Does  the  forma- 
tion of  carbon  monoxide  during  combustion  result 
in  a  loss  of  heat  ?  R.  F..  New  Orleans,  La. 

Anb.— (a)  The  starting  valve,  which  is  a  by-pass 
valve,  is  operated  by  the  same  lever  that  works  the 
cylinder  cocks,  the  connections  being  so  made  that 
when  the  lever  is  in  its  middle  (upright)  position 
the  valve  is  closed  and  steam  only  reaches  the  low- 
pressure  cylinder,  the  engine  working  as  a  com- 


pound. When  the  lever  is  moved  to  Its  front  position, 
the  starting  valve  will  be  wide  open,  thus  aJlowlng 
live  steam  to  pass  direct  into  the  low-pressore  cylin- 
der, the  cylinder  cocks  on  both  high-  and  low-ps-casore 
cylinders  opening  simultaneously.  With  the  lever  in 
this  position,  the  engine  will  work  as  a  simple,  or 
single-expansion,  engine.  If  the  lever  is  moved  to  its 
rear  position,  the  cylinder  cocks  will  be  dosed  and 
steam  will  reach  the  low-pressure  cylinder;  that  is, 
the  engine  will  work  compound.  As  regards  using 
this  valve:  When  starting  after  having  stood  for  some 
time,  one  naturally  wants  to  open  the  cylinder 
cocks,  regardleSB  of  the  weight  of  the  train,  and  in 
doing  so  the  starting  valve  is  moved,  which  allows 
live  steam  to  go  direct  to  the  low-pressure  cylinder, 
thus  working  the  engine  simple.  But,  waiving  the 
item  of  clearing  the  cylinders  of  condensation,  you 
need  only  work  the  engine  simple  when  starting 
with  a  heavy  train  or  when  likely  to  get  stalled  on 
a  heavy  grade,  (b)  The  genuine  thing  is  actually 
made  in  Russia,  although  the  term  is  applied  to 
imitations  of  it  wherever  made.  For  a  lon^  time  it 
was  not  known  Just  what  processes  the  Russian 
manufiscturers  put  this  Iron  through,  but  it  Is  now 
pretty  well  known,  having  been  observed  by  trav- 
elers. Briefly  told,  the  process  consists  in  producing 
a  combined  silicate  and  oxide  of  iron  on  the  sorfisoe 
of  the  sheets,  which  are  moistened  with  wood  asihes 
and  passed  while  hot  through  polished  steel  rollers, 
the  gloss  being  produced  in  this  way  and  by  ham- 
mering and  rolling,  not,  like  enamel,  being  put  on 
as  a  separate  substance.  In  short,  close  obaervers 
have  concluded  that  the  Russians  obtain  their  re- 
sults by  using  a  very  good  and  pure  iron  In  the  first 
place,  and  by  observing  great  cleanliness,  care,  and 
skill  in  the  operation.  "  Russian  iron  "  is  produced 
in  many  countries.  Ordinary  sheets  may  be  made 
to  resemble  the  genuine  article  by  dropping  them 
while  hot  into  a  thick  mixture  of  chalk,  porcelain 
clay,  and  graphite;  after  which  they  are  dried  and 
annealed,  put  in  sulphuric  add  and  water  to  get 
the  scale  off,  then  immersed  In  potash  and  water, 
and  finally  in  dear  water,  and  afterwards  smoked 
in  an  oven  heated  with  wood;  as  the  heat  increases, 
the  soot  is  burned  off  and  a  carburet  is  formed  on 
the  suriboe.  The  sheets  are  then  well  hammered  and 
rolled  in  polished  rolls.  Ftanighed  iron,  the  term 
applied  to  the  above  iron  in  general,  will  not  rust 
nearly  so  quickly  as  ordinary  sheets  that  are  unpro- 
tected by  the  scale  that  is  formed  on  the  former. 
(e)  The  two  cylinders  of  the  9i-inch  air  pump  are  of 
the  same  sise  when  new.  (d)  Gasoline,  (e)  If  the 
volume  of  air  admitted  to  the  fire  is  too  great  for  the 
requirements,  the  temperature  in  the  firebox  will 
fall;  if  the  drop  in  temperature  is  so  great  that  the 
combustion  of  the  gases  does  not  take  place  properly, 
smoke  may  result,  owing  to  the  partides  of  carbon 
disengaging  themselves  from  the  gases  and  passing 
off  unbumed.  The  loss  in  temperature  will  neces- 
sarily also  cause  a  drop  In  the  steam  pressure^  as 
the  quantity  of  heat  passing  through  the  sheets  to 
the  water  is  at  once  diminished.  When  the  carbon 
burns  only  to  carbon  monoxide  instead  of  to  eaibon 
dioxide,  the  combustion  is  leas  perfect,  and  smoke 
win  appear,  fad  bdng  thus  wasted,  with  the  corol- 
lary of  diminished  steaming  efiidency. 


(489)  Where  can  I  obtain  a  small  water  motor 
suitable  for  driving  a  4  H.  P.  lathe? 

C.  £.  B..  West  Oakland,  GaL 

ANB.--8end  to  any  of  the  following  parties  for 
catalogues  and  price  lists:  The  Pdton  Water  Whed 
Co..  121  Main  St.,  San  Frandsco,  Gal.;  James  Ldfd  A 
Go.,  Springfield.  Ohio;  8.  Morgan  Smith  Company, 
York,  Pa. 
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(440)    PlMM  glTe  th«  derivation  of  th«  fomalft 

Q«i^^^^.   inUUiflarmnlaQ-iteunusediwr 

indtoated  taonepower  per  hour;  I  —  the  length  of  a 
line  between  a  point  on  the  expansion  Ime,  jcit 
before  release,  and  a  point  on  the  compression  cnrve 
at  the  same  height  above  the  Taeaom  as  the  point  on 
the  ezpenslon  cnrve;  L  —  length  of  Indloator  card; 
P  «  M.  E.  P.  of  the  steam  on  the  piston;  W  -  weight 
of  a  cubic  foot  of  steam  whose  absolute  pressure  is 
represented  by  the  height  of  the  line  I  aboye  the 
▼aeaom  line.  F.  H.  C,  New  York,  N.  Y. 

Am.— Imagine  that  you  have  an  indicator  diagram 
before  you.  Draw  perp>endlenlars  to  the  atmos- 
phere line  tangent  to  the  card  at  each  end.  The 
length  of  the  atmosphere  line  between  these  two 
perpendiculars  is  the  length  L  of  the  card.  Next 
produce  the  line  {  beyond  the  compression  curve 
until  It  intersects  the  perpendicular  at  that  end  of  the 
card.  Mark  this  point  a;  also  mark  the  point  where 
I  intenects  the  compression  curve  h  and  where  it 
in  tenects  the  expansion  curve  e.  Since  L  represents, 
to  some  scale,  the  volume  of  the  cylinder,  the  line  a  c 
represents  to  the  same  scale  the  volume  swept 
through  by  the  piston  flrom  the  beginning  of  the 
stroke  up  to  the  point  e.  This  volume  also  represents 
the  total  volume  of  steam  in  the  cylinder  at  an  abso- 
lute pressure  indicated  by  the  height  of  the  line  I 
above  vacuum.  By  referring  to  the  steam  tables  the 
weight  IT  of  a  cubic  foot  of  steam  at  this  pressure  is 
found.  Multiplying  the  volume  of  the  steam  in 
cubic  feet  by  its  weight  per  cubic  foot,  the  total 
weigrht  of  steam  in  the  cylinder  is  determined.  Of 
this  quantity  of  steam  that  represented  by  the  pro- 
daoed  portion  a  6  of  the  line  I  remains  in  the  cylinder 
on  aoconnt  of  the  dosing  of  the  exhaust  port.  Con- 
sequently, the  steam  used  or  exhausted  during  one 
stroke  is  represented  by  the  length  be  of  the  line  I, 
We  will,  as  defined  above,  designate  the  length  of 
this  part  of  the  line  by  the  letter  l.  It  we  designate 
the  volume  of  the  cylinder  in  cubic  feet  by  V,  a  little 
oooalderation  will  show  that  the  volume  of  steam 

used  per  stroke  is  ^X  Vcn.tt.    The  weight  of  steam 

used  per  stroke  will  therefore  he^X  VxW  pounds. 

Letting  ^represent  the  number  of  strokes  per  minute, 
we  will  have  for  the  weight  of  steam  used  in  one 

hour,  ixVx  WxtON  pounds.    The  horsepower  of 

an  engine  is  given  by  the  formula  -g.  Qod~'  ^^^* 

P  ai  M.  E.  P.  of  the  steam;  X'  =  length  of  stroke  in 
feet;  A  =»  area  of  piston  In  square  inches;  N^  number 
of  strokes  per  minute.  Let  A*  be  the  area  of  piston 
in  sq.  ft.  Then,ji  -  144^'.  Substituting  in  the 
fonnula  for  the  horsepower  for  A  its  equivalent 

144  PT/  A'  W 

lUA',  this  formula  becomes  ----^-^--  Butl/^' 
a  volume  of  cylinder  in  cubic  fe^t  —  V,    Hence, 

144  P  VN 

horeepower  =-  — «-qqq^.   Now  we  have  found  the 

steam  used  by  the  engine  in  one  hour.  But  we  want 
to  find  the  steam  used  in  one  hour  for  one  horsepower. 
Hence,  we  divide  the  steam  used  per  hour  by  the 
horsepower;  thus: 

I  144  P  V  N 

aoxtx  vx  wx iV 

L eox33.ooo. 


(441)  (a)  How  can  a  bicycle  be  kept  in  good  run- 
ning condition;  that  is,  what  care  should  the  bearing 
parts  and  chain  receive?  (5)  Is  vaseline  a  good 
article  to  place  in  bearing  parts?  If  so.  how  should 
it  be  put  in  and  how  often  renewed?  Is  any  oiling 
r  If  such  is  done?   (c)  Can  you  advise  any- 


144  XPX  VXN 


144 


JXVXWXN 
FXLX  VXN" 


38,000 
Both  A* and  K  cancel  out,  and  we  have 

13.750  /  W 

PL       ' 


mx  ©^000  ^ixw 
^^  144         ^PXL' 


thing  to  rub  on  the  nickeled  parts  of  a  bicycle  to  keep 
them  firom  rusting?  (d)  Kindly  exnlain  a  simple 
method  of  nickelplating,  descrilnng  the  process  and 
chemicals  used,  together  with  the  proper  proportions. 
R  J.  S.,  Brooklyn,  N.  Y. 
Am.— (a  and  6)  Keep  the  bearings  and  chain  dean 
and  well  lubricated.  It  is  a  good  plan!  to  dean  the 
bearings  occasionally,  using  benzine  to  wash  the  dirt 
out  The  chain  should  be  taken  6ff  and  allowed  to 
soak  for  some  time  in  >  shallow  dish  with  enough 
kerosene  or  bensine  to  cover  it.  The  links  should 
each  be  worked  back  and  forth  in  the  fingers,  to  make 
sure  that  none  of  them  have  become  stiff  or  rusted 
fkst.  After  the  chain  has  been  replaced,  it  should 
be  Wdl  treated  with  graphite  chain  lubricant.  The 
bearings  should  be  oiled  with  a  good  quality  of  oil, 
which  you  should  be  able  to  obtain  firom  any  bicycle 
dealer.  Pure  sperm  oil  is  as  good  as  any.  Vaseline 
is  put  in  the  bearings  of  wheels  when  they  are  sent 
out  by  the  makers,  but  it  is  not  generally  used  for 
lubricating  them,  (e)  A  good  thing  to  use  for  this 
purpose  is  what  is  known  as  "Three  in  One";  you 
can  obtain  it  from  any  dealer  in  bicyde  supplies, 
(d)  There  is  no  simple  way  of  doing  nlckelplating 
that  we  know  of.  Electroplating  is  the  only  way  in 
which  it  can  be  done,  and  if  any  parts  of  your  whed 
need  plating  you  will  save  both  time  and  money  by 
having  it  done  by  a  regular  plating  establishment. 
We  have  not  the  space  here  to  go  into  the  details  of 
dectroplating,  but  if  you  wish  information  regard- 
ing it  we  can  refer  you  to  a  book  entitled  "  Modem 
Electroplating,"  by  J.  H.  Van  Home,  which  can  be 
had  from  The  Technical  Supply  Co.,  Scranton,  Pa. 

»** 

(442)  What  horsepower  is  required  to  raise  75,000 
gal.  of  water  100  ft.  in  00  min.?  Please  give  formula 
for  working  it.  A.  C.  C.  Circleville,  O. 

Ans.—The  following  formula  gives  the  approxi- 
mate horsepower  required  to  discharge  a  certain 
number  of  gallons  of  water  per  minute  with  the 
glvenlift:  J7  =  .00088  GA,  in  which  Wiethe  required 
horsepower;  O,  the  number  of  gallons  raised  per 
minute;  and  A.  the  vertical  lift  in  feet.  75,000  gal- 
lons of  water  raised  in  90  minutes  is  equal  to  888^ 
gaUons  per  minute.  Substitute  this  for  O  in  the 
formuU,  and  100  for  A.  The  result  is  .00088  X  888^ 
X  100  »  81.67,  which  is  approximately  the  required 
horsepower.  This  makes  an  allowance  of  about  50 
per  cent,  for  slip,  for  friction  in  the  engine,  pump, 
pipes,  etc 

**» 

(443)  Kindly  explain  the  process  of  brazing  brass, 
and  state  where  a  suitable  flux  and  spelter  can  be 
obtained.  O.  C.  W.,  Conesus,  N.  Y. 

Ans.— The  process  of  brazing  brass  is  as  follows: 
Tinmmghly  file  or  dean  the  parts  to  be  brazed;  place 
them  on  a  piece  of  charcoal  and  secure  them  in 
position,  being  sure  that  the  Joint  to  be  braced  is 
thoroughly  deaned  inside  and  fitted  close;  then 
sprinkle  same  with  pulverised  borax  that  has  been 
previously  dampened  with  water.  Lay  some  pieces 
of  spdter  in  thU  borax  and  then  heat  the  Joint  with 
a  blowpipe  flame  composed  of  ordinary  gas  and  air. 
When  the  Joint  becames  heated  the  borax  will  curl 
up,  so  to  speak,  then  mdt,  and  ran  into  the  Joint. 
The  pieces  of  spelter  that  remain  on  top  of  the  Joint 
become  red  hot  and  soon  melt,  when  they  follow  the 
borax  Into  the  Joint.  After  the  spdter  has  "run," 
remove  the  blowpipe.  Do  not  disturb  the  Joint  until 
it  Is  cold.  The  flux  is  preferably  composed  of  cal- 
cined pulverized  borax.    You  can  get  it  at  any  drug 
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■tore.  The  spelter  can  be  puichafled  at  a  hnm 
Ibmidry  or  ftom  any  metal  merchant;  or  yon  can 
make  it  yonnelf  by  catting  np  bran  wire  in  ihort 
pieces  aboat  i  in.  long. 

*** 

(444)  What  would  be  the  thickness  of  the  walls  of 
a  lead  pipe  of  8"  bore,  to  safely  sustain  a  preasure 
of  60  pounds  of  cold  water  per  square  inch?  The 
pressure  is  a  steady  one,  due  to  a  head  of  water. 

T.  C.  H.,  Baltimore,  Md. 

Amb.— The  pressure  on  a  length  of  1  inch  is 
1 X  8  X  00  »>  180  lb.  The  tensile  resistance  of  the 
section  is  1 X  2e  X /.  where  t  is  the  thickness  of  pipe 
and  /  the  working  tensile  stress  in  pounds  per  square 
inch.  We  should  not  care  to  allow  much  more  than 
about  175  lb.  for  /  in  the  case  of  a  metal  like  lead, 
which  is  known  to  yield  under  a  comparatiyely 
slight  stress  constantly  maintained.  Equating  the 
aboTe  two  product^  we  haye  2  <  X 175  =  180;  whence 
£  s  }|f  z=  I  inch,  say.  We  haye  had  no  experience 
with  lead  pipe  of  this  diameter  carrying  heayy 
pressures;  if  you  think  fit  to  adopt  any  other  unit 
stress,  multiply  it  by  2  and  diyide  the  product  into  180, 
and  the  quotient  will  be  the  thickness  of  pipe 
required. 


ELECTRICAL 


off  droi 


,    (a)  To  what  resistance  should  bridged  ring- 

^  drops  be  wound  for  series-grounded  and  bridged 

metallic  circuits  that  are  connected  together  through 
a  repeating  coil  wound  for  firom  175  to  250  ohms  on 
each  side,  so  that  both  lines  can  ring  offT  The  drops 
are  for  a  single-cord  board,  so  they  would  be  used  as 
main-line  drops  part  of  the  time.  (6)  Is  it  poarible 
to  ring  through  a  repeating  coll?  (e)  What  would 
be  the  resistance  of  a  ground  return  of  one  mile,  if 
perfect  ground  oonneoaons  were  made  ? 

Wm.  R.  8.  D.,  Jr.,  Petersburg,  Que. 
Amb.— (a)  We  would  adyise  using  on  the  series- 
grounded  side  a  series  ring-off  drop  of  about  thesame 
resistance  as  the  subscribers'  ringers  on  that  side. 
This  drop  could  also  be  used  as  a  series  main-line 
drop.  For  the  bridged  metallic  side,  use  a  drop 
wound  to  firom  800  to  400ohms  and  shunted  by  a  con- 
denser; connect  the  combination  (coil  and  condenser) 
in  series  with  the  repeating  coil,  and  In  the  middle 
of  the  metallic-circuit  side  of  the  coil.  In  order  to 
ayoid  unbalancing  the  metallic-circuit  side.  It  does 
not  seem  adyisable  to  attempt  to  use  this  ring-off 
drop  for  a  Une  drop  also.  You  should  haye  a  few 
cord  circuits  fitted  up  with  repeating  coils  and  ring- 
off  drops,  and  only  use  these  cords  when  really 
necessary  to  use  a  repeating  coil.  Where  it  is  possible 
to  spare  the  time,  it  is  more  reliable,  when  repeating 
coils  are  used  on  an  ordinary  board,  for  the  operator 
to  listen  occasionally,  especially  on  long  bridged 
circuits,  rather  than  to  use- and  depend  on  ring-off 
drops  for  the  disconnection  signal,  (b)  Yes;  it  is 
certainly  possible  to  ring  through  a  repeating  coll, 
provided  the  coil  is  well  made  and  has  a  good  com- 
plete iron  circuit.  Howeyer,  there  has  been  more  or 
less  trouble  ringing  through  repeating  coils,  (c)  The 
resistance  of  the  ground  return  depends  on  so  many 
things  that  it  is  impossible  to  giye  a  definite  figure 
for  it.  Telegraph  engineers  consider  a  ground 
return  poor  if  it  is  oyer  10  ohms,  but  in  telephone 
work,  where  less  care  is  generally  taken  in  making 
the  ground  connection,  it  is  liable  to  run  all  the 
way  fh>m  50  ohms  up.  The  distance  when  it  ex- 
ceeds about  i  a  mile  has  very  little  influence  on  the 
resistance  of  the  ground  return.  There  is  no  such 
thing,  probably,  as  a  perfect  ground  connection,  and 
practically  all  the  resistance  in  the  ground  return  is 


at  the  contact  surface  between  the  earth  and  the 
grounded  plate  or  wire,  unlea  the  region  between 
the  two  grounds  is  yery  rocky  or  ftQl  of  coal. 

«•• 

(446)  (a)  What  is  graphite  and  where  can  I  buy  itr 
(b)  How  is  it  prepared  for  resistance  In  electrical 
work?  (e)  I  wish  to  make  a  resistance  in  the  fonn 
of  a  paste  that  will  get  hard;  also  a  niece  i  Inch  wide,  I 
inch  long,  audi  inch  thick  that  wul  oflbr  a  resistance 
of  200  ohms  and  carry  .5  ampere.  How  shall  I  proceed 
to  make  it?  Is  there  any  book  that  treats  on  the 
subject  r  A.  H.  M.,  Chesaning,  Mich. 

Amb.— (a)  Graphite  is  one  of  the  allotropic  finms  of 
carbon.  The  so-called  lead  of  an  ordinary  lead  pencfl 
is  composed  almost  wholly  of  graphite.  You  should 
be  able  to  obtain  it  in  the  powdered  form  at  almost 
any  hardware  store,  or  from  dealers  in  machinery 
supplies,  (bandc)  Graphite  used  for  electrical  pur- 
poses is  usually  in  the  form  of  plates  or  rods.  We 
cannot  giye  the  process  of  manufacture.  A  great 
deal  of  experimenting  has  been  done  qd.  the  manu- 
footur e  of  graphite  resistances,  and  if  you  are  in  need 
of  such  we  would  adyise  you  to  purchase  them  rather 
than  attempt  to  make  them.  The  Joseph  Dixon 
Crucible  Co.,  of  Jersey  City,  N.  J.,  make  these  resist- 
ance rods  for  a  number  of  electrical  concerns,  and 
you  can,  no  doubt,  get  what  you  want  by  writing  to 
them.  There  is  no  book  that  we  know  of  on  the 
subject. 

*** 

(447 )  (a)  Can  a  No.  1  motor  ^  inches  high  be  used 
as  a  generator  to  run  one  or  two  miniature  incan- 
descent lamps  of  firom  1  to  8  candlepower,  or  to 


charge  a  storage  battefr?  (b)  If  so,  how  can  it  be 
done?  (e)  Would  anytning  else  be  needed  in  the 
circuit?    (d)  For  an  induction  coil  with  a  core  6 


inches  long  and  i  inch  in  diameter,  what  would  be 
the  proper  sise  of  wire  for  the  primary  coil  and  what 
for  the  secondary  oolL  and  how  much  of  each? 
(«)  If  the  dimensions  of  the  core  glyen  aboye  are  not 
correct,  please  giye  proper  ones. 

C.  F.  O.,  Rockingham,  N.  8. 
Amb.— (a,  b,  and  c)  It  is  doubtful  whether  as  small 
a  motor  as  this  wiU  work  satisfactorily  as  a  generator. 
Keep  the  connections  the  same  as  when  it  is  used  as 
a  motor  if  the  machine  is  shunt-wound.  IMye  the 
armature  firom  some  outside  source  of  power,  at 
about  the  same  speed  that  the  motor  was  designed 
to  run.  Connect  the  small  incandescent  lamps 
across  the  terminals  of  the  dynamo.  These  lamps 
should  be  of  the  same  yoltage  as  the  K  M.  F.  the 
motor  was  designed  to  run  on.  If  the  machine 
generates  properly,  the  incandescent  lamps  will 
light  np.  If  the  machine  fklls  to  generate,  dis- 
connect the  field  coil  ftom  the  armature  and 
connect  the  field  coil  to  the  terminals  of  a  cell  of 
closed-circuit  battery.  Connect  the  incandewient 
lamps  across  the  armature  brushes.  Driye  the 
armature  as  before,  and  you  will  probably  obtain 
enough  K  M.  F.  to  light  the  lamps.  The  small 
dynamo  could  charge  one  or  more  ceUs  of  storage 
battery  if  the  S.  M.  F.  generated  by  the  armatnre 
were  20  or  30  per  cent,  higher  than  the  £.  M.  F.  of  the 
storage  battery.  The  charging  would  be  a  rather 
slow  process,  howeyer.  (d )  Use  two  layers  of  No.  19 
wire  for  the  primary  coil  and  about  8  os.  of  No. 
88  wire  for  the  secondary  coll.  (e)  The  dimensionsof 
the  coll,  6  Inches  by  i  inch,  are  correct  for  a  small 
Induction  coil. 

•% 

(448)  How  can  the  induction  be  stopped  on  a 
ground-return  telephone  line  i  of  a  mile  In  length 
running  near  eleomc-Ught  wires  and  other  telephone 
wires?  C.  R  B.,  West  Oakland,  Csl. 

Ams.— The  only  way  to  stop  Induction  on  a  single- 
line  wire  ground-return  system  is  to  moye  the  line 
some  distance  away  ftom  the  disturbing  wires.  If 
you  cannot  do  this,  make  it  a  complete  metallic 
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ijBtein  by  patting  up  another  line  wire  and  cutting 
oat  the  groondf  at  the  ends  of  the  line.  Ran  the  two 
wirea  parallel,  and  at  interyala  of  about  a  hundred 
feet  tranipoie  the  wires  by  croseing  them.  See  that 
the  wires  do  not  touch  each  other  at  the  points  of 
erossing. 

♦  » 

(449)  Please  give  a  diagram  of  the  wiring  of  an 
electric  automobile.  8.  J.  H.,  New  York. 

AM8.— ▲  complete  diagram  and  description  of  the 
wiring  of  an  electii<s  automobile  would  require  too 
much  space  to  be  inserted  in  these  columns.  We 
expect  to  publish,  in  the  near  fhture,  an  article  on 
electric  automobiles,  their  equipment,  connections, 
etc.  In  our  answer  to  inquiry  No.  288,  June  number 
of  SciENCB  AND  iNDxjsTBY,  WO  described  a  diagram  of 
controller  connections  for  an  electric  automobile. 


(450)  (a)  Would  it  be  better  for  a  young  man  19 
▼ears  of  age  to  learn  some  such  mechanical  trade  as 
the  machJnist'B  or  the  electrician's  or  to  take  up  its 


commercial  side?  (b)  Which  will  be  installed  to  a 

in  the  coming  years,  e'     '  '    ' 
compressed-air  apparatus?    (e)  Please 


greater  extent 


coming  years,  electrical  or 

, ..^,„jtU8?    (e)  Please  recommend 

some  recent  boofs  on  electric-llght  wiring  and  on 
dynamos  and  motors.         F.  L.  L.,  New  Derry,  Pa. 

AN8. — (a)  This  depends  on  the  natural  indlnationB 
of  the  person.  There  seems  to  be  more  chance  for  a 
person  to  achieve  financial  success  by  application  to 
the  commercial  side;  a  thorough  mechanical  knowl- 
edge, howeyer,  will  be  a  great  aid.  (6)  We  cannot 
tell  what  improvements  may  be  brought  out  in 
electrical  or  compressed-air  apparatus,  but  on  ac- 
count of  the  greater  flexibility  of  the  electrical 
system,  it  seems  probable  that  electrical  apparatus 
wfll  be  installed  to  the  greater  extent,  (e)  "Electric 
Wiring,"  by  C.  P.  Poole,  price  $1.00;  '*  Dynamo-Elec- 
tric Machinery,"  by  S.  P.  Thompson,  price  S6.00. 
These  books  may  be  purchased  from  The  Technical 
Supply  0>.,  Scranton,  Pa. 


(451)  (a)  Please  tell  me  the  best  method  to  adopt 
in  a  very  cold  country  to  prevent  the  water  from 
freezing  in  the  traps  of  plumbing  fixtures,  (b)  Sup- 
posing that  the  hot-  and  cold-water  pipes  in  a  one- 
story  building  had  to  be  run  on  the  celling,  what  is 
the  best  arrangement  to  drain  them  ? 

A.  P.,  Fort  Grant,  Arlsona. 
Anb.— (a  and  b)  See  article  "  Care  of  Plumbing," 
in  the  September  issue. 

♦*» 

(452)  There  is  a  80-gallon  kitchen  boiler  here  that 
makes  a  terrible  noise  when  the  faucets  are  opened 
and  water  drawn  at  the  fixtures.  The  waterback 
is  of  the  U  pattern.  The  circulation  pipe  and  boiler 
become  very  hot,  and  there  is  always  a  good  supply 
of  hot  water  in  the  building.    What  is  the  trouble  7 

F.  H.  S.,  San  Francisco,  Cal. 
ANB.~It  would  appear  that  the  waterback  is  too 
large  for  the  boiler;  or,  what  is  the  same  thing,  the 
boiler  is  too  small  for  the  waterback.  The  water  in 
the  boiler  appears  to  be  heated  nearly  to  the  boiling 
point,  at  the  pressure  to  which  it  is  subjected.  When 
a  faucet  is  opened  at  any  of  the  fixtures,  the  pressure 
of  the  water  in  the  boiler  is  reduced.  This  allows 
the  water  to  make  steam  in  the  boiler,  which  causes 
the  snapping  sound  you  hear.  If  aSO-gallon  boiler 
is  large  enoifgh  for  the  building,  we  would  suggest 
that  you  cover  some  of  the  heating  surface  of  the 
waterback  with  soapstone,  to  prevent  some  of  the 
heat  ftom  acting  upon  it;  or,  remove  the  waterback 
and  put  in  a  smaller  one. 


(468)  Kindly  refer  me  to  a  good  practical  work  on 
groined  arches  and  centering  for  same. 

F.  L.  W.,  Washington,  D.  C. 

AM8.~We  are  not  certain  what  character  of  a  book 
you  wish.  There  is  an  excellent  book  giving  general 
information,  history,  etc.  of  groined  arches  as  em- 
ployed in  Gothic  and  Romaneique  architecture. 
This  book  is  entiUed  "Rational  Building,"  by 
Viollet  Le  Due,  and  can  be  had  for  S8.50.  Should 
you  desire  a  book  on  stereotomy,  we  would  recom- 
mend "Warren's  Stone  Cutting,"  by  S.  Edward 
Warren,  C.  E.  Price  $2.60.  Both  of  these  books 
can  be  obtained  from  The  Technical  Supply  Co., 
Scranton,  Pa. 

••• 

(454)  Will  you  kindly  inform  me  whether  cast 
iron,  wrought  iron,  or  lead  pipe  will  be  durable  if 
completely  buried  in  cement  mortar  composed  of 
equal  parts  of  bar  sand  and  Portland  cement  ? 

F.  C,  Philadelphia. 

Ams.— Pipes  of  these  materials  completely  covered 
with  cement  mortar  will  be  almost  entirely  free 
flrom  external  corrosion.  When  iron  pipes  are  laid 
in  cement  mortar,  however,  care  should  be  observed 
to  see  that  they  are  thoroughly  coated  with  some 
good  paint  before  being  laid,  as  the  water  contained 
in  the  cement  before  it  has  set  will  start  an  initial 
corrosion,  and  also  because  there  is  some  sulphur 
in  cement,  which  in  the  presence  of  moisture  may 
produce  a  destructive  chemical  action.  The  paint 
keeps  the  moisture  fh>m  the  metal  -until  .the  ce- 
ment has  set,  when  the  moisture  no  longer  exists  in 
appreciable  quantities.  Leaky  joints  in  the  pipe 
would  cause  some  trouble,  but  with  good  workman- 
ship such  are  not  likely  to  occur.  , 


(455)  I  would  like  information  regarding  the 
proper  method  or  system  of  building  a  crown  over  a 
kiln  for  burning  brick  or  tile.  Should  such  a  kiln 
be  rated  on  the  oasis  of  a  third,  a  quarter,  or  a  half 
pitch,  or  can  la  rise  of  any  height  be  made,  say 
2  ft.  or  1^  ft.,  without  injuring  the  stability  of  the 
crown?  J.  A.  M.,  St.  Thomas,  Ont.,  Can. 

Anb.— We. presume  that  you  refer  to  kilns  having 
spherical  or  domical  tops,  and  offer  the  following 
information  accordingly.  The  rise  of  the  crown  on 
a  kiln  may  be  made  any  height.  The  nearer  the 
crown  approaches  a  hemisphere,  the  less  thrust 
there  will  be  on  the  walla  When  the  rise  of  the 
crown  is  less  than  one-third  the  span,  it  would 
be  better  to  tie  in  the  top  of  the  kiln  with  iron  or 
steel  bands; of  heavy  section.  This  should  be  done 
in  aU  cases  where  the  waUs  are  thin  and  lack  stability 
sufficient  to  support  the  thrust  of  the  crown. 


(456)  What  is  it  that  causes  a  crackling  noise  in 
my  hot-water  boiler  attached  to  the  kitchen  range? 
The  noise  occurs  generally  when  a  hot  fire  is  being 
used  for  baking  purposes. 

J.  H.  C,  Hyde  Park,  Mass. 

ANs.-~The  crackling  noise  may  be  due  to  an  ac- 
cumulation of  mud  in  the  bottom  of  the  boiler, 
which  would  choke  the  lower  circulation  or  feed- 
pipe to  the  waterback;  or  it  is  possible  that  the 
upper  pipe  between  the  waterback  and  the  boiler  is 
"sagged"  so  that  the  waterback  is  air-locked.  An 
accumulation  of  air  here  would  prevent  circulation 
between  the  waterback  and  boiler,  which  would 
'  allow  the  water  in  the  waterback  to  boil  and  produce 
steam,  which,  when  expanding  back  into  the  boiler, 
would  rapidly  condense  and  make  loud  noises.  It  is 
possible,  also,  that  your  waterback  is  too  large  for 
the  boiler,  or  what  is  the  same  thing,  the  boiler  too 
smaU  for  the  waterback.  You  can  readily  determine 
this  latter  possibility  by  allowing  hot  water  to  run  at 
the  kitchen  sink  when  the  snapping  sounds  occur. 
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It  this  eeoapliig  of  hot  water  itopi  the  noiL«),  70a  may 
safely  decide  that  the  waterback  is  too  large.  If  the 
nolfes  do  not  itop,  there  Is  a  defect  in  the  droalation 
between  the  range  and  the  boiler  due  to  mad,  in- 
cmstation,  air-lock,  or  something  else. 


MISCELLANEOUS 


(457)  A  l-inoh  cable  200  feet  long  is  stretched  br  a 
force  of  1  ton;  if  the  breaking  strength  of  the  cable 
is  6,000  pounds,  what  is  the  greatest  load  that  can  be 
hung  ftom  its  middle  point  T 

P.  A.  Y.,  Golnmbos,  O. 
Akb.— This  problem  is  mnoh  more  complicated 
than  appears  at  first  sight.  The  solution  of  it  (for 
which,  by  the  way,  it  is  neceaary  to  know  the  weight 
of  the  cable)  inyolyes  long  and  tedious  opera- 
tions of  adyanoed  mathematics,  to  perform  which 
more  time  is  required  than  we  can  afford  to  deyote  to 
such  matters.  We  are  both  willing  and  glad  to  an- 
swer any  questiona  our  correspondents  may  ask, 
proyided  they  are  of  a  practical  or  at  least  of  an 
interesting  character,  and  do  not  require  an  exceed- 
ingly great  amount  of  work.  But  questions  such  as 
the  one  you  ask  would  proye  of  interest  to  but  few  of 
'  our  readers,  and  would  take  up  the  time  that  we 
think  it  our  duty  to  deyote  to  answering  more  im- 
portant questions,  on  more  useftil  and  practical 
subjects. 

••. 

(458)  I  want  to  make  a  new  screen  for  our  yillage 
water  supply.  I  would  like  it  in  double  frames,  so 
as  to  pull  It  out  and  clean  the  meshes  conyeniently. 
The  water  in  the  reseryolr  is  4  feet  deep  and  the  i^pe 
is  6  in.  in  diameter.    Please  giye  directions. 

W.  H.  Y.,  Bartlett,  N.  H. 
Am.— If  the  box  you  use  at  present  for  the  screens 
is  large  enough,  you  can  arrange  double-frame 
screens  by  nailing  two  slats  at  the  back  or  in  front 
of  the  present  screens,  which  will  form  a  guide  for 
new  screens  to  slide  in.  All  the  screens  should  be 
made  so  that  they  can  be  taken  out  one  by  one.  By 
haying  double  screens  you  will  be  able  to  clean  any 
or  all  of  the  screens  without  allowing  water  to  flow 
into  the  pipe  xmscreened,  for  it  will  only  be  neces- 
sary to  take  out  one  screen  at  a  time  to  clean  them. 
By  this  arrangement  the  water  will  pass  through 
double  screens  before  it  enters  the  pipe,  when  the 
screens  are  all  in  place.  It  will  only  flow  through  a 
single  screen,  howeyer,  when  the  screens  are  being 
cleaned.  If  you  double-screen  the  box,  we  would 
suggest  that  you  add  50)(  to  the  area  of  the  present 
screen  openings,  to  allow  for  an  increased  resistance 
to  the  flow  due  to  the  presence  of  the  extra  screena 


(459)  Please  calculate  or  glye  a  method  of  calcula- 
ting the  graduations  on  a  rod  that,  when  inserted  in 
a  horizontal  cylindrical  tank  and  withdrawn  will 
indicate  the  number  of  gallons  in  the  tank. 

A.  M.,  Springfield.  8.  D. 
Ans.— See  answer  to  inquiry  No.  421  in  the  Septem- 
ber issue. 

•*• 

(460)  (a)  Fig.  1  is  a  plat  of  a  surrey  haying  flye 
sides;  how  can  I  determine  the  angles  so  that  it  will 
close?  You  will  see  that  if  it  had  only  four  sides 
it  would  form  a  square,  with  right  angles,  but 
side  (3)  makes  an  anvle  of  45°  with  side  (2):  also, 
side  (4)  makes  an  angle  n  of  90^  with  the  prolonga- 
tion of  side  (8).  What  I  wish  to  know  is  how  to 
figure  the  angles  when  one  or  more  of  them  are 
reentrant,  or  when  the  sides  run  into  the  field  of 
suryey.  (b)  When  the  plat  contains  a  reentrant  an- 
gle, as  the  angle  between  the  sides  (8)  and  (4)  of 
the  figure,  should  the  exterior  angle  Xor  the  inner 


angle  n  be  taken?  (e)  In  Fig.  2,AB  and  CD  are  due 
north  and  south  lines.  What  are  the  bearings  of  the 
intermediate  lines  ab,  «d.  etc.,  and  how  can  I  deter- 
mine these  bearings?  (d)  If  one  of  the  section  lines 
measures  79  instead 

of  80  chains,  what  is         W 

the  proportional 
measurement  for  sub- 
diyiding  the  section  ? 
ie)  If  this  is  a  north 
and  south  section 
line,  what  would  be 
the  bearing  of  the 
adjacent  east  and 
west  section  line? 
(/)  How  is  a  rope 
ferry  constructed, 
and  now  is  the  steer 


Sf 


gear  arranged? 
How    does   ' 


Fio.l 


i9)    —         -— 
current    driye    the 
boat  across  the  riyer? 

(h)  Please  giye  dimensions  of  a  ferryboat  to  carry 
four  teams  with  loads.  (<)  Please  giye  sise  of  rope 
for  a  span  of  1,200  feet,  {j )  How  far  up  stream 
from  the  boat  and  how  high  aboye  high  water  should 
the  span  rope  be?  J.  W.  M.,  Newcastle,  Pa. 

Ams.— (a)  In  order  to  determine  whether  the  an- 
gular measurement  doses  in  the  plat  of  any  suryey, 
it  is  only  necessary  to  apply  the  well-known  princi- 
ple of  geometry  that  the  sum  qf  (he  interior  anglia  <^  a 
polyffon  is  equal  to  twieeat  fnany  right  angiet  as  the pofy- 
ffon  has  sideSt  less  four  right  angles.  This  applies  to  fig- 
ures haying  any  number  of  sides,  without  regard  to 
whether  any  of  the  angles  are  reentrant.  Thus,  as 
the  angle  n  in  the  figure  is  90°,  the  angle  X  must  be 
equal  to  180  —  90  »  90°,  and  the  angle  y  must  be 
equal  to  860  —  90  »  270^,  making  the  sum  of  all  the 
interior  angles  of  the  figure  equal  to  90  +  00  +  45  + 
270  +  45  ==  540°  »  6  right  angles.  As  the  figure  has 
fiye  sides,  the  aboye  lurinciple  giyes  2x6  —  4 
=  6  right  angles.  (5)  The  interior  angle  must  be 
taken  in  each  case.  This  must  not  be  the  angle  be- 
tween one  side  and  the  prolongation  of  the  adjacent 
side,  as  the  angle  n,  in  the  figure,  but  the  entire  in- 
terior angle  between  the  two  sides  themselyes,  as  the 
angle  N.  In  the  case  of  a  reentrant  angle,  the  in- 
terior angle  ^  will  always  exceed  180°  by  the  amount 
of  the  angle  n  and  in  making  the  suryey  it  may 
sometimes  be  more  conyenient  to  measuro  the  ex- 
terior angle  Xand  subtract  it  from  860°,  or  to  meas- 
ure the  angle  n  and  add  it  to  180°.  (c)  We  infer  that 
your  sketch,  Fig.  2, 

^  p  ^  f  f^  f  p-^  isr^bSj^as 

1     of  a  township,  the 
I     lines  AB  and   CD 
being   township    or 
range  lines,  and  the 
lines  a5,  cd,  etc  be- 
ing section  Unas. 
This  being  the  case,  it 
should  be  understood 
clearly  that  in  ma- 
king   the    original 
-tf/Wta—— *i         suryeystheintenttan 
MttHMMMw  is  to  run  all  then 

Fig.  2  lines  due  north  from 

the  base  Une  and 
from  the  standard  parallels.  Owing  to  the  spherical 
form  of  the  earth,  these  meridian  lines  eonyerge 
toward  the  pole,  that  is,  approach  each  other  as 
they  extend  northward,  so  that  the  distances  B  b, 
b  d,  etc.  will  be  less  than  the  corresponding  dla- 
tances  ^  a,  a  c,  etc  The  conyergency  of  the  merid- 
ians yaries  as  the  sine  of  the  latitude,  that  la. 
in  any  latitude  the  conyergency  of  the  meridians 
for  one  degree  of  longitude,  expressed  in  deci- 
mals of  a  degree,  is  equal  to  the  sine  of  the 
latitude.    As  any  deyiation  from  due  north  in  the 
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bearings  of  any  of  the  llnei  referred  to  iB  the  remit 
of  Inaocoraoies  of  Inatrnmental  meaniremeDti,  it  Is 
impoflrtble  to  apply  any  theory  to  the  determination 
of  the  bearinge  of  the  lines  that  do  not  bear  due 
north,  (d)  When  the  lection  line  between  two  ad- 
Jaoent  comen  of  the  original  larrey  are  found  to 
actnaUy  measnre  more  or  lees  than  its  recorded 
measorement,  then  in  sabdiTiding  the  section  the 
meaanrements  along  that  line  are  taken  in  the  same 
pn>portion.  Thns,  mppose  the  distance  between  a 
section  comer  and  the  adjacent  qnarter-sectlon  cor- 
ner is  ibnnd  to  be  S9.60  chains,  instead  of  40  chains; 
this  would  be  {f  of  the  recorded  distance.  Then,  in 
sabdiTiding  the  adjacent  quarter-sections,  all  m«a»- 
wremenU  along  the  tecUon  Hne  between  them  would 
be  U  of  their  theoretical  or  recorded  values  as  de- 
termined by  considering  this  distance  to  haye  its 
recorded  value  of  40  chains,  (e)  Where  the  length  of 
anorth  andsouth  section  line  is  Just  80  chains,  and.the 
length  of  the  north  and  south  section  line  next  east 
or  west  of  it  is  more  or  less  than  80  chains,  the  excess 
or  deficiency  of  the  latter  line,  in  chains,  divided  by 
80,  will  be,  approximately  and  very  closely,  the  tan- 
gent of  the  angle  of  the  variation  of  the  intervening 
east  and  west  section  line  flrom  due  east  and  west, 
provided  the  east  and  west  section  line  at  the  oppo- 
■Ite  ends  of  the  north  and  south  section  lines  bears 
truly  east  and  west.  (/)  In  a  rope  ferry  or  cable 
ferry,  the  ferryboat  is  guided  across  the  stream  and 
held  in  position  against  the  current  by  means  of  a 
rope  or  cable  stretched  acrosi  the  stream  at  approxi- 
mately right  angles  to  the  current  and  under 
■uffleient  Initial  tension  to  prevent  excessive  lag  or 
deflection  from  thefpull  of  the  boat  under  the  force 
of  the  current.  By  means  of  a  smaller  rope  connected 
to  and  operated  by  a  windlass,  the  ferryboat  is  con- 
nected with  a  pulley  that  travels  along  the  rope  or 
cable.  This  rope  is  wound  a  few  times  around  the 
windlass,  which  is  usually  near  the  center  of  the 
ferryboat,  lengthwise,  and  the  two  ends,  passing 
under  pulleys  at  opposite  ends  of  the  ferryboat,  are 
both  attached  to  the  traveling  pulley  which  travels 
along  the  cable.  Thus,  by  operating  the  windlass, 
either  end  of  the  boat  can  be  drawn  toward  the 
cable,  the  opposite  end  flslllng  away  (down  stream) 
by  the  same  operation.  The  ferryboat  is  an  ordinary 
flat-bottom  boat  or  scow,  having  vertical  sides  and 
both  ends  alike,  with  a  permanent;  railing  along 
each  side  and  a  movable  railing  across  each  end. 
ig)  In  order  fbr  the  boat  to  be  propelled  across  the 
stream  by  the  current,  it  is  only  necessary  to  draw 
the  forward  end  toward  the  cable  by  a  few  turns  of 
the  windlass,  allowing  the  stem  to  fall  away  from 
the  cable  at  the  fame  time.  The  forward  end  of  the 
boat  will  then  point  somewhat  up  stream,  and  in  this 
position  the  boat  will  be  driven  across  the  river 
by  the  force  of  the  current,  In  substantially  the  same 
manner  as  a  propeller  steamboat  is  driven  by  its 
screw  wheel.  (A)  The  dimensions  of  a  ferryboat 
necessary  to  carry  a  given  load  will  depend  upon  its 
draft,  that  is,  the  depth  to  which  it  is  to  sink  into  the 
water,  which  in  most  cases  must  be  small.  In  order 
to  estimate  the  load  that  a  boat  of  given  dimensions 
will  carry,  including  its  own  weight,  multiply  the 
number  of  cubic  feet  in  the  part  of  the  boat  that  is 
below  the  surface  of  the  water  by  62.5;  the  product 
will  be  the  load  In  pounds. .  For  the  load  specified 
In  the  question  and  a  draft  of  about  two  feet, 
a  length  of  20  feet  and  width  of  14  feet  would 
probably  be  about  right,  (i)  It  Is  impossible  to 
estimate  the  required  size  of  the  cable  with  any 
degree  of  accuracy  without  knowing  the  velocity  of 
the  current  and  the  sag  or  deflection  of  the  cable;  it 
is  best  to  be  sure  to  have  it  large  enough.  For  a  span 
of  1,200  feet,  assuming  a  velocity  of  10  miles  per  hour, 


a  down-stream  deflection  of  70  feet,  and  a  vertical 
sag  of  80  feet,  the  required  strength  would  be  giyen 
by  a  steel  sable  2|  inches  in  diameter.  The  ends  of 
the  cable  must  ;be  anchored  very  securely,  {j )  The 
cable  should  be  well  above  high  water  at  the  lowest 
point  of  its  sag,  but  need  not  be  any  great  distanoe 
above.  The  connecting  or  steering  rope  should  be  of 
such  length  as  to  allow  the  ferryboat  to  float  about  20 
to  40  feet  down  stream  flrom  the  cable,  we  should 
say,  or  a  sufficient  distance  so  that  its  pull  on  the 
cable  will  not  be  greatly  aflteted  by  the  variation 
in  the  height  of  the  water.  The  best  distance  for  this 
will  therefore  depend  to  a  considerable  extent  upon 
the  amount  of  varii^tlon  in  the  height  of  the  water. 
Knowing  the  amount  of  variation  in  the  height  of 
the  water,  this  can  be  determined  easily  by  a  few 
trials. 

(461)  Mr.  A.  &  Biggart,  in  his  essay  on  "Wire 
Ropes,"  says  that  if  a  wire  is  bent  into  a  curve  of 
radius  E^  the  intensity  of  tensUe  strea  due  to  bending 

is  /  »  ;r-^,  where  I  is  the  moment  of  inertia  of  the 

wire,  and  E  the  modulus  of  elasticity  of  the  material. 
For  a  rope  made  of  No.  20  B.  W.  O.  Wire,  bent  round  a 
pulley  10|  inches  in  diameter,  he  gives/  ^  112,000  lb. 
per  so.  in.,  allowance  having  been  made,  he  says,  for 
the  effect  of  reversed  stresses.  He  also  says  that,  for 
such  a  rope,  the  minimum  theoretical  diameter  of 
pulley  is  6  ft  6  in.  Will  von  explain  how  he  gets  his 
value  (112iP00)  for/,  and  the  minimum  diameter? 
He  takes^  -  82,000,000.  H.  L.  D.  W. 

Alls.— We  have  not  seen  Mr.  BIggart's  essay,  and 
do  not  know  what  assumptions  he  makes  nor  what 
numerical  values  he  uses;  but  probably  he  arrived  at 
his  results  in  the  following  manner :  The  formula 
for  the  intensity  of  stress  due  to  bending  is 

/-f|.      (1) 

where  d  is  the  diameter  of  the  wire  (the  substitution 
of  J  for  d  In  the  formula  you  quote  is  no  doubt  a 
misprint).  The  rope  under  consideration  is  made  of 
several  strands,  each  wire  of  which  is  .036  inch  in 
diameter.    >  Making  E  «  82,000,000,  d  =  .085,    and 

2R  =  10.5,  the  formula  gives  /  ^  ^^'??  ><  "^  ^ 

10.0 

106,667  lb.  per  sq.  in.  Increasing  this  value  by  6)(, 
in  order  to  allow  for  reversed  stresses,  we  get  /  «= 
112,0001b.  per  sq.  in.  Theminimum  diameter  of  pulley 
is  obtained  by  solving  equation  (1)  for  3  £,  and  put- 
ting /  the  working  strength  of  the  material.  If  we 
take  this  working  strength  as  15,000  lb.  per  sq.  in.,  we 

get2*  -  ^^«^^y^  .  78 to.  -  «< »..    T.Wng 

f  -  14,000.  we  get  2  Ji  =  75  X  H  -  80  in.  =  6'  8''. 
As  we  said  before,  we  do  not  know  what  values)  Mr. 
Biggart  uses,  but  the  results  we  have  obtained  are 
Buffidenay  close  to  his  to  indicate  that  he  probably 
followed  the  same  method. 


(462)  (a)  What  is  the  best  work  that  I  can  obtain 
to  give  me  a  clear  idea  of  the  theory  and  plan  of 
construction  of  the  different  methods  of  geographic 
projections?  (&)  What  are  the  simplest  and  oest 
works  for  a  beginner  on  the  elements  of  astronomy 
and  geodesy  ?  W.  O.  T.,  Vernon,  N.  Y. 

Anb.— (a)  For  a  general  account  of  several  projec- 
tions, a  special  account  of  the  polyconic  projection, 
and  references  to  literature  we  refer  you  to  the 
Ck>ast  and  Geodetic  Survey  Report  of  1880,  pages 
287-296.  This  book  may  be  obtained  by  writing  to 
Mr.  H.  C.  Riser,  Chief  Clerk  United  States  Geological 
Survey,  Department  of  the  Interior,  Washington, 
D.  C.  For  the  fundamental  prin  ciples  of  projections, 
see  any  work  on  descriptive  geometry.  (6)  Good 
works  on  these  subjects  are  "  Elements  of  Astron- 
omy."  by   Young,    82.00.  and   "The   Elements  of 
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Fredie  Soryejiiig  and  Oeodeay/'  l^  Merrlman, 
price  92.50.  Thete  booki  may  be  ordered  flrom  The 
Technical  Supply  Co..  Scranton,  Pa. 


(408)  I  dedre  to  pat  off  two  fladi  llghti  at  the 
same  time,  (a)  How  can  I  arrange  them  lo  that 
they  will  ignite  at  the  lametimeT  (b)  Whatilseof 
■park  coil  and  how  many  cells  of  dry  battery  will 
be  required?  (c)  Howihould  they  be  connected? 
J.  M.  C..  Pittsburg,  Pa. 

Ana.— (a)  We  would  not  advise  the  use  of  two 
separate  flash  lights  to  be  set  off  by  an  electric  cur- 
rent, as  they  are  not  likely  to  explode  together,  and 
poaslbly  one  may  not  explode  at  all.  A  much  more 
reliable  arrangement  is  used  by  experienced  pho- 
tographers; it  consists  of  the  following  inexpenslye 
apparatus:  A  large  sheet  of  metal  (preferably  bright 
tin),  the  edge  of  which  is  bent  at  an  angle  as  shown 
at  a  in  the  illustration,  is  hung  on  a  wall  or  sup- 
ported on  an  easel  above  and  behind  the  camera, 
and  flash  powder  distributed  in  the  trough  formed 
by  turning  up  the  lower  edge.  The  flash  may  be 
ignited  either  in  the  middle  or  at  one  end  by  means 
of  an  electric  current  or  by  pulling  a  string.  If  you 
use  the  latter  method,  the  arrangement  is  as  follows: 
One  end  of  a  wire  fork  b  is  riveted  loosely  at  e  to  the 


sheet  of  tin,  and  the  other  end  carries  a  wad  of  cot^ 
ton  d  saturated  with  alcohol.  A  loose  brace  e  main- 
tains the  fork  in  the  position  shown.  A  piece  of 
string  /  is  carried  ftom  e  to  the  group  to  be  taken, 
and  when  this  is  pulled  it  removes  the  brace  e  and 
permits  the  blazing  cotton  d  to  fall  in  contact  with 
the  flash  powder  distributed  along  the  ledge  a. 
(&  and  c)  If  you  prefer  to  use  an  electric  discharge 
you  will  probably  require  a  coil  giving  at  least 
a  i-inch  spark«  and  about  6  or  8  cells  of  dry  battery. 
The  two  spark  gaps  would  be  connected  in  series 
across  the  lecondary  coil,  and  the  battery  would  be 
connected  directly  to  the  primary  through  a  push 
button  for  closing  the  circuit. 


(4M)  (a)  I  want  to  prepare  vanishing  Ink  like 
that  mentioned  in  question  848,  in  the  August  issue, 
but  before  doing  so  would  like  to  know  whether 


boiling  the  nutgalls  in  alcohol  is  a  dangerous  opera- 
tion, and  in  what  kind  of  a  veenl  tms  should  be 
done,  (b)  What  are  the  proportions  of  the  ehemiesls 


used  in  this  preparation  7    (e)  Will  this  ink  keep  for 
some  time,  or  must  it  be  used  as  soon  as  made? 

Q.  a.  New  York. 
Akb.— (a)  The  operation  is  not  exactly  dangerous, 
but  requires  care;  a  very  low  heat  should  be  applied. 
A  glass  beaker  is  the  most  convenient  vessel  to  use 
for  this  purpose  if  small  quantities  are  prepared. 
(6)  We  do  not  know  the  proportions,  (e)  The  ink 
will  keep  for  some  time  In  a  tightly-stoppered  bottle 
in  a  dark  and  cool  place. 


(465)    Please  explain  an  exact  method  for  descri- 
bing an  ellipse  when  both  diameters  are  given. 

K.  W..  Pottstown,  Pa. 

Am.— Let  a  b  and  e  d  be  the  given  diameters  of  the 
ellipse,  and  on  these  diameters 
describe  circles  with  their 
common  center  at  o.  Draw 
any  radius  of  the  larger  circle 
oe.  From  g,  where  oe  cuts 
the  smaller  circle,  draw  a  line 
parallel  to  a  5,  the  major  axis, 
and  from  e  draw  a  line  per- 
pendicular to  a  6.  The  inter- 
section/ of  these  two  lines  is  a  point  on  the  ellipse. 
Other  points  are  similarly  found. 


^_^ 


(406)  How  do  you  calculate  the  time  it  would 
take  a  projectile  to  strike  the  ground  after  leaving 
the  mouth  of  the  cannon  with  a  velodty  of  2,000  ft. 
per  second,  the  center  of  the  mouth  Ming  5  ft. 
above  the  nound.  and  the  prolectile  leaving  it  at  an 
angle  of  45^  with  the  horizontal? 

E.  S.  K.,  Chicago,  DL 

Ans.— There  is  no  general  formula  for  the  solution 
of  this  problem.  The  formulas  for  projectiles  given 
In  ordinary  books  on  mechanics  are  ideal  formulas 
in  which  the  projectile  is  treated  as  a  particle,  and 
the  resistance  of  the  air  neglected.  These  fonnulss 
give  tolerably  approximate  results  for  small  and 
comparatively  heavy  bodies  moving  with  low  veloci- 
ties; but,  for  the  practical  purposes  of  gunnery,  such 
formulas  are  entirely  useless.  The  formula  for  the 
time  (seconds)  of  flight  of  a  projectile  in  a  vacuum  is 

where  v  »  velocity  of  projection  in  fL  per  sec.;  z  « 
angle  of  projection;  g  »  82.16;  t  »  distance  (5  ft. 
in  your  case)  below  point  of  projection  at  which  the 
proJectUe  is  after  the  time  ^    In  your  case. 

However,  as  we  said  above,  this  is  not  even  an 
approximation  to  the  true  time.  The  impossibility  of 
solving  the  problem  mathematically  is  mainly  due 
to  two  causes:  (1)  the  law  of  the  resistance  of  the 
air  is  not  exactly  known;  (2)  even  asntmlng  tUs 
law  (except  when  the  resistance  is  taken  as  directly 
proportional  to  the  velocity— an  aammptlon  Jnsdfl- 
able  only  for  velocities  under  10  ft  per  sec.),  the 
equations  obtained  are  so  complicated  that  they 
cannot  be  solved.  From  a  great  many  experiments, 
tables  and  empirical  formulas  have  been  con- 
structed giving  the  range,  time  of  flight,  etc  of 
projectiles  used  in  modem  warfore  under  dilforent 
condltiona  For  ftarthcr  information  on  this  subject 
you  are  referred  to  the  articles  on  "  Gunnery "  in 
the '*  Encyclopaedia  Britannica"  (Vol.  XI)  and  in 
Johnson's  "Universal  Cyclopaedia"  (Vol.  IV).  We 
would  remark  that  the  angles  of  elevation  used  in 
practice  seldom  exceed  5^. 
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THE  HOUSING  OF  THE  STEEL  STEED 

H.  T.  Bentley 

Mammoth  Roundhouse  of  the  Chicago  and  Northwestern  Railway  Co. — Electrically- 
Controlled  Turntable— Pneumatic  Oil  Tanks  and  Ash  Conveyors 


**  Brave  racer,  who  hast  sped  the  living  light 
With  throat  outstretched  and  every  nerve  arttrain/" 


IN  ACCORDANCE  with  the  decree  of 
Dame  Nature,  every  one  of  her  chil- 
dren, whether  animate  or  inanimate,  in 
order  to  maintain  their  normal  strength, 
most  have  rest  and  relaxation.  The  modem 
locomotive,  with  its  hundred  tons  of  ''tissue, 
bone,  and  muscle"  and  a  complete  system 
of  "nervous  fiber"  under  the  highest  tension 
when  in  service,  is  not  exempt  from  this 
mandate.  This  sinewy  centaur,  whether  a 
"  pony"  or  a  "  hog,"  must 
be  regularly  side-tracked 
from  the  race  course  to  the 
stall,  where  it  can  rest 
while  being  groomed, 
broomed,  and  fed.  Dusty 
roads,  a  scorching  fire,  and 
an  inexorable  driver,  who 
must  ''make  time,"  have 
rendered  Hercules  much 
the  worse  for  wear  and 
tear.  His  lungs  must  be 
cleared,  his  digestive 
organs  flushed,  his  muscles 
and  joints  lubricated,  his 
system  toned,  and  his  trap- 
pings polished  like*  '^the 
handle  of  the  big  front 
door." 

To  meet  the  £u^dious 
demands  of  this  latter-day 
son  of  the  chase.  Science 
and  Art  have  willingly  become  his  hand- 
maidens and  continually  cater  to  his  care 
and  comfort  Substantial  structures,  known 
to  the  world  as  "roundhouses,"  have  been 
erected  and  equipped  with  every  conceivable 
device  for  "tabling,"  "bathing,"  and 
"massaging"  this  brave  racer  at  the  close 
of  his  daily  contest  with  time  and  the  ele- 
Oopyright,  1900,  by  The 


ments.  His  headlight  is  lowered,  and  when 
"no  long-streaming  beam  of  light  comes 
trembling  through  the  gloom  "  he  is  turned 
over  to  his  house  attendants. 

Who,  having  entered  a  roundhouse,  has 
not  been  impressed  with  the  majesty  of 
Hercules  and  Goliath  at  rest  ? 

**  At  intervals  they  darkly  stand, 
No  words  come  forth: 
Each  soul  is  rolled  into  itself  I " 


FlG.1 

Among  the  recent  acquisitions  to  the 
homes  for  fatigued  motors  is  the  splendid 
roundhouse  lately  completed  for  the  Chicago 
and  Northwestern  Railway  Company,  at  Clin- 
ton, Iowa,  which  is  said  to  be  the  largest 
and  finest  in  the  United  States,  if  not  in  the 
world.  This  mammoth  rotunda  contains  no 
less  than  fifty  stalls  for  the  largest  type  of 
ColHery  Engineer  Company 
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Fig.  2 

the  preeent*day  looomotiye,  with  liberal 
allowance  for  increase  in  future  types.  As 
two  of  the  stalls  are  assigned  for  entrance 
and  exit,  there  is  an  actual  housing  capacity 
for  forty-eight  locomotives.  The  "round" 
house  is  so  in  reality,  as  it  forms  a  complete 
circle  and  is  charged  or  discharged  by  means 
of  an  electrically-controlled  turntable  70  feet 
in  length .  This  turntable  is  shown  in  Fig.  1 , 
which  also  shows  the  radial  tracks  leading 
to  the  stalls  and  a  series  of  the  stalls  in  the 
background.  The  doors  are  wide  open  and 
held  in  place  by  approved  fastenings.  The 
inner  radius  of  the  outer  wall  is  187  feet 
6  inches  and  that  of  the  inner  wall  is  106  feet, 
giving  a  dear  distance  between  walls  for  the 
housing  of  the  locomotives 
of  81  feet  6  inches;  the 
length  of  the  longest  en- 
gine at  present  is  62  feet  8} 
inches,  so  that  a  passage- 
way, or  clearance,  over  9 
feet  in  width  exists  at  both 
the  front  and  rear  of  the 
engines,  when  in  range,  as 
shown  in  Figs.  2  and  3. 
The  exterior  diameter  of 
the  structure  is  thus  nearly 
380  feet,  and  the  interior 
diameter  of  the  interior 
court  about  210  feet  The 
stability  of  the  structure  is 
insured,  as  it  is  founded  on 
solid  rock,  out  of  which 
the  pit  for  the  turntable 
and  the  drop  pits  for  the 


engines  were  excavated. 
The  outer  wall  of  the 
building  is  constructed 
with  a  good  grade  of  rub- 
ble masonry,  and  is  heed 
with  squared  rock-fiused 
ashlar  up  to  the  window- 
sill  course.  This  coarse 
also  forms  a  water  table 
from  which  rises  the  super- 
structure of  brickwork, 
each  bay,  or  stall,  being 
emphasized  andreenforced 
by  pilasters.  The  pilasters 
carry  a  corbeled  friese  soi^ 
mounted  by  a  corbeled 
band  of  brickwork  and  a 
parapet,  which  is  at  once 
a  logical  and  effective  archi- 
tectural treatment  for  struc- 
tures of  this  daaa.  The 
framework  and  roof  is  of 
slow-burning  construction, 
and  is  substantially  braced  and  anchored 
to  the  brick  walls  of  the  superstructure. 
The  floor  is  finished  with  hard-burnt  bricks 
set  on  edge,  and  this  furnishes  a  lasting  and 
durable  surface  that  is  preferable  to  wood, 
both  on  account  of  cleanliness  and  of  per- 
manence. 

It  might  not  occur  to  the  reader  that  the 
heating  of  such  a  building  is  a  matter  that 
requires  considerable  attention.  Even  the 
steel  giants,  like  their  human  brethren, 
must  be  kept  in  a  properly  heated  apartment 
while  they  are  at  rest,  and  if  the  tempera- 
ture is  not  properly  regulated,  the  exposed 
parts  are  liable  to  freeze  and  burst. 
When  man  is  asleep  the  blood  drcalatee 
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slowly  and  vitality  is  low;  intense  cold  will 
then  readily  coo^^  the  blood  and  stop 
drcolation.  During  waking  hoars  the  same 
degree  of  temperature,  will  not  produce  the 
same  effect,  especially  if  the  subject  is  walk- 
ing or  running,  because  the  heart,  or  circu- 
lating pump,  keeps  the  vital  fluid  moving 
quickly  through  the  proper  channels  and 
prevents  congelation.  It  is  likewise  with 
the  locomotive;  when  the  fire  is  "  banked  " 
the  circulation  is  very  slow,  and  the  water 
in  the  chambers  and  tubes  is  rendered  very 
susceptible  to  freezing;  when  it  is  rushing 
through  space,  however,  although  exposed 
to  the  keenest  and  most  biting  winds,  it 
is  comfortably  warm,  because  the  fire  is 
then  burning  briskly  and  ftumishes  a  high 
vitality  and  an  active  circulation,  and  the 
water  elves  reftise  to  flirt  with  Jack  Frost. 

The  health  and  comfort 
of  the  attendants  must  also 
be  conaidered,  and  these  in 
turn  will  affect  .the  charac- 
ter of  their  work.  It  is 
therefore  essential  that  a 
first-class  system  of  artifi- 
cial heating  and  ventilation 
be  installed  in  every  up-to- 
date  roundhouse.  A  series 
of  stoves  or  a  system  of 
steam  pipes  may  furnish 
beat,  but  in  conjunction 
with  the  heating  of  the 
building  the  matter  of  ven- 
tilation must  receive  atten- 
tion. Ventilation  affects 
not  only  the  health  of  the 


men  but  the  effideney  -of 
the  engines  and  the  dura* 
bility  of  the  structure. 
Goal,  particularly  anthrax 
cite,  during  the  process  of 
combustion,  gives  off  a  mix- 
ture of  gases  known  to 
scientists  as  carbonic  add, 
carbonic  oxide,  sulphur- 
ous, etc.,  but  to  the  general 
public  they  are  simply  fur- 
nace gases.  These  gases 
accumulate  in  the  building 
regardless  of  all  the  indi- 
vidual smoke  flues  arranged 
over  the  smokestacks. 
They  impoverish  or  poison 
the  blood  of  the  workmen, 
rust  the  engines,  and  attack 
the  ironwork  of  the  roof, 
etc.  A  system  of  ventila- 
tion to  be  effective  should 
quickly  remove  the  gases  firom  the  building 
and  supply  fresh  air  at  a  temperature  of  about 
60^  F.— a  comfortable  temperature  for  men 
to  work  in.  Such  a  system  has  been  in- 
stalled in  the  Clinton  roundhouse  shops,  for 
which  the  employes  are  grateful  to  the 
company.  It  means  to  the  men  not  only 
the  maintenance  of  vigor  but  the  preservation 
of  health.  The  installation  is  composed  of 
a  fJEin  of  the  centrifugal  type  and  a  system 
of  main  and  branch  flues  arranged  and  pro- 
portioned to  suit  conditions  and  require- 
ments. The  fan  blows  fresh  air  into  the 
building  and  forces  out  the  obnoxious  gases. 
The  air  is  warmed  by  being  passed  over  a 
stack  of  steam  pipes  either  before  or  after 
leaving  the  fan.  The  temperature  of  this 
air  can  be  adjusted  by  the  attendant  by 
shutting  off  or  turning  on  sections  or  sub- 
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diviaionfl  of  the  stack.  A  conduit  conveys 
the  air  from  the  fan  to  the  pits  under  the 
engines  and  to  the  spaces  over  and  between 
the  engines.  In  this  way  the  warm  air  is 
introduced  into  the  building  at  many  points 
at  the  top  and  bottom,  so  that  the  tempera- 
ture throughout  the  structure  is  as  near 
uniform  and  the  ventilation  as  nearly  per- 
fect as  can  be  devised. 

The  water  supply  for  the  plant  is  obtained 
from  an  Artesian  well  1,175  feet  in  depth, 
sunk  on  the  premises. 

In  addition  to  the  roundhouse  proper  there 
has  been  erected  a  machine  shop  and  store- 
room 60  X  140  feet.  In  the  machine  shop 
are  vises,  lathes,  planers,  etc.,  so  that  all 
ordinary  running  repairs  can  be  executed. 
A  portion  of  this  shop  is  shown  in  Fig.  4. 
The  roundhouse,  machine  shop,  and  store- 
room are  heated  by  the  Sturtevant  hot-air 
system,  of  which  some  of  the  delivery  pipes 
are  shown  in  Fig.  4. 

The  oil  room,  which  is  in  a  fireproof  build- 
ing, is  a  model  of  its  kind,  and  was  specially 
designed  by  Superintendent  of  Motive  Power 
and  Machinery,  Robert  Quayle,  of  Chicago. 
The  building  is  33  X  35  feet,  and  contains 
twelve  underground  oil  tanks.  The  oil  from 
these  tanks  is  raised  by  air  pressure,  so  that 
it  can  be  readily  drawn  off  at  the  fkucets 
instead  of  being  pumped  in  the  usual  man- 
ner. An  interior  view  of  the  oil  room  with 
its  furnishings  is  shown  in  Fig.  5. 

The  large  amount  of  ashes  to  be  handled 
and  discharged  daily  in  such  a  structure, 
where  so  many  engines  are  housed,  required 
the  design  of  a  system  that  would  speedily 


Fio.  6 


collect  and  effectively  dispose  of  car  loads  of 
waste  material.  This  was  undertaken  by 
Mr.  Henderson,  the  Assistant  Superintendent 
of  Motive  Power  and  Machinery  of  the  com- 
pany, who  has  perfected  an  ash  hoist  well 
fitted  for  the  service.  In  the  old-style 
clinker  pits,  the  cinders  were  shoveled  out 
of  the  pit  on  to  the  floor  and  thence  into  a 
car,  while  in  later  styles  the  car  was  run  on 
a  depressed  track,  thfis  facilitating  the 
handling  of  the  material.  At  best,  how- 
ever, this  was  a  slow  and  unsatisfactory 
method,  as  it  was  necessary  to  keep  engines 
off  the  pit  while  the  shoveling  was  going  on. 
With  the  pneumatic  system  of  handling  the 
ashes,  installed  in  this  new  plant,  it  is  pos- 
sible for  a  man  to  stand  in  the  pit,  and  by 
operating  a  valve,  convey  the  cinders  from 
the  pit  to  an  ash  car  standing  on  a  near-by 
track,  and  when  the  car  is  filled  it  is  run  out- 
doors to  the  ash  hoist  and  dumped  into  large 
cars.  This  ash  hoist,  which  is  pneumatically 
controlled,  is  shown  in  Fig.  6,  and  consists 
of  a  series  of  inclined  planes  over  which  the 
ash  cars  travel,  the  cars  being  attached  to 
cables  connected  with  the  gearing  of  the 
pneumatic  cylinders.  In  operation  the  car  is 
hauled  up  the  plane,  as  is  seen  in  the  figure, 
to  the  a]>ex,  where,  by  an  ingenious  device, 
the  car  door  is  opened  and  the  ashes  dumped, 
after  which  the  door  automatically  doses, 
the  car  descends  and  returns  to  the  pit  for 
another  load.  It  will  be  seen  that  with  this 
system  all  of  the  ashes  can  be  removed  while 
an  engine  is  over  the  pit,  or  even  while  it  is 
being  moved  from  it,  and  thus  time  is  gained 
by  this  independent  manipulation. 

In  Fig.  7  is  shown  a  sand 
tower  in  which  is  st<»ed 
prepared  sand  for  loccnno- 
tive  use.  The  sand,  having 
been  duly  dried  and  sifted, 
is  forced  by  pneumatic 
pressure  up  into  the  tower, 
from  whence  it  descends 
by  gravity  through  the  de- 
livery tubes  to  the  sand- 
boxes of  the  engines. 

Since  1864  the  engines  of 
the  Iowa  and  Galena  divi- 
sions were  housed  in  a 
roundhouse  having  but 
twenty-five  stalls,  so  that  in 
the  event  of  forty  or  fifty 
engines  being  run  in  on  the 
section  no  proper  aocomr 
modation  could  be  pro- 
vided. The  family  of  loco- 
motives not  only  outgrew 
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the  capacity  of  the  old 
quarters  in  numbers,  but 
also  in  bodily  dimensions, 
neceasitating  the  erection 
of  an  extension  or  vestibule 
around  the  stracture,  so 
that  the  giant ''  fireighters '' 
of  the  class  "R"  type 
could  be  protected  from  the 
elements  and  the  outer 
doors  closed.  This  fur- 
nished only  temporary  re- 
liefy  however,  and  a  year 
ago  the  company  decided 
to  erect  the  spacious  and 
substantial  structure  that 
now  holds  the  record  as  the 
lai^geet  and  best-equipped 
roundhouse  on  the  conti- 
nent. 

The  site  of  the  buildings 
is  between  Gomanche  Avenue  and  the  freight 
yards,  and  is  an  ideal  location.  The  short 
time  required  to  erect  the  structure  is  also  a 
BOOTce  of  pride  to  the  officials  of  the  company. 
The  excavation  was  commenced  on  August 
14,  1899,  and  by  May  14,  1900,  the  building 
was  ready  for  occupancy — a  creditable  per- 
formance in  nine  months,  and  that  during 
the  winter.  The  construction  was  directed 
and  supervised  by  W.  D.  Walden,  Superin- 
tendent of  Bridges  and  Buildings,  and  the' 
bnildings  are  certainly  a  monument  to  his 
energy,  tact,  and  ability.  Mr.  Walden, 
nevcsrtheless,  has  entered  the  patriarchal 
era,  being  75  years  of  age,  and  is  yet  in  the 
haniess;  he  is  an  indefittigable  worker  and 
for  the  past  37  years  has  b^n  in  the  employ 
of  the  Chicago  and  Northwestern  Railway 
C!ompany. 

It  is  interesting  to  note  that  while  this 
veteran  was  a  ''  tot "  of  four  years  of  age,  the 
first  locomotive  run  in  this   country  was 


Pig.  7 

manned  by  Horatio  Allen,  who  made  the 
trial  trip  from  Honesdale,  Pa.,  on  August  9, 
1829.  This  hissing  and  fuming  broncho, 
grandiloquently  styled  ''The  Stourbridge 
Lion,''  was  built  in  England  under  the 
direction  of  Mr.  Allen,  who  certainly  had 
the  courage  of  his  convictions  and  the  faith 
of  a  martyr.  Upon  placing  his  hand  on 
the  throttle  valve  he  quaintly  remarked: 
*'If  there  is  any  danger  in  this  ride,  it  is 
not  necessary  that  the  life  and  limb  of 
more  than  one  should  be  subjected  to  that 
danger." 

Thus  in  the  course  of  a  single  lifetime  the 
entire  railroad  system  of  this  country  has 
been  developed,  equipped,  and  brought  to 
its  present  state  of  perfection.  Today,  no 
less  than  36,746  locomotives  have  to  be 
housed  after  their,  day's  labor  so  that 
they  may  enjoy  a  well-earned  rest,  for 
without  it — 

"The  splendor  of  Btrong  life  miut  wane." 
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THE  LATHE  INDICATOR  AND  THE  CENTER 

INDICATOR 

John   A.  Grening 

Construction  of  thb  Lathb  Indicator — ^Testing  Work — Construction  of  the  Ckmtbr 
Indicator— Holder  for  Indicators 


THERE  are  two  instruments  that  are 
extremely  osefol  to  the  machinist  and 
toohnaker  for  doing  lathe  work  requir- 
ing the  ntmoet  degree  of  accuracy.  These 
are  known  technically  as  the  lathe  indicator 
and  the  center  indicator.  Both  of  these 
instruments  have  but  recently  been  placed 
on  the'  market,  and  are  still  comparatively 
unknown  except  in  the  best  shops.  Nearly 
all  of  those  in  existence  have  been  made  by 


devised,  but  are  given  merely  as  a  suggestion 
of  how  such  instruments  may  be  made. 
Actual  use  has  proven  t]iem  to  be  satisfiu- 
tory  as  far  as  the  writer  is  concerned.  Their 
construction  is  not  covered  by  patents,  so 
that  any  reader  who  thinks  the  designs  given 
will  suit  him  is  at  liberty  to  construct  them. 
The  lathe  indicator  is  shown  in  Fig.  1,  the 
illustration  being  full  size.  The  purpose  of 
the  indicator  is  to  magnify  any  untruth  of 
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the  machinist  or  toohnaker  himself;  as  a 
consequence,  there  is  a  great  variety  of 
designs,  gotten  out  in  accordance  with  the 
ideas  of  the  men  who  made  them  for  their 
own  use. 

The  following  are  descriptions  of  these 
two  instruments,  which  have  been  designed, 
made,  and  used  by  the  writer,  and  of  a 
holder  for  them  that  was  designed  and  made 
by  a  friend,  who  intended  to  use  it  for  a 
thread-cutting  tool.  The  designs  given  are 
not  claimed  to  be  the  best  that  could  be 


the  work,  in  order  to  make  the  error  more 
visible.  The  most  obvious  and  direct  method 
is  to  use  a  lever  with  a  long  and  a  short  arm. 
The  short  arm  bears  against  the  work.  When 
the  latter  is  revolved  in  the  lathe  any  error, 
due  either  to  the  work  not  being  round  or  to 
its  not  being  set  centrally,  causes  the  end  of 
the  long  arm  to  describe  an  arc,  the  length 
of  which  is  directly  proportional  to  the  ratio 
between  the  lengths  of  the  two  arms.  In 
other  words,  the  longer  the  long  urn  is 
made  in  proportion  to  the  length  of  the 
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short  arm,  the  more  Bensitive  the  indicator 
will  be.  In  practice,  it  is  rarely  necessary 
or  advisable  to  make  the  ratio  more  than 
1  to  60;  with  this  ratio,  an  error  in  the  work 
amounting  to  only  .0001  inch  will  cause  a 
movement  of  the 
long  arm  through 
an  arc  fifty  times  • 
as  long,  or  .005 
inch  in  length. 
This  is  an  amount 
that  can  plainly 
be  seen  with  the 
naked  eye.  If  the 
indicator  is  more  sensitive  than  this,  it  is  too 
liable  to  be  affected  by  the  vibrations  of  the 
floor  and  machinery  that  exist  to  a  greater  or 
lees  degree  in  all  shops.  For  special  work  re- 
quiring the  greatest  degree  of  accuracy,  an 
indicator  may  be  oonstructed  with  a  greater 
degree  of  sensitiveness  than  that  here  recom- 
mended as  the  limit  for  general  work;  in 
that  case,  it  must  be  used  in  a  place  free 
from  vibrations. 

Beferring  to  Fig.  1,  views  (a)  and  (6)  are, 
respectively,  a  side  elevation  and  a  plan 
view  of  the  indicator.  It  consists  essentiaUy 
of  four  parts.  These  are 
the  body  a,  the  lever  b, 
the  feeler  c,  and  the  spring 
d.  For  convenience, 
the  lever  is  divided  into 
two  parts,  h  and  y. 
They  are  so  formed  that 
y,  which  forms  part  of 
the  long  arm  of  the  lever, 
can  be  swiveled  to  any 
convenient  position  with- 
in range.  By  means  of 
the  locknut  e  the  two 
parts  may  be  locked  to- 
gether after  the  adjust- 
ment. The  division  of 
the  lever  into  two  sepa- 
rate parts  also  allows  the 
degree  of  sensitiveness  to 
be  increased  or  decreased 
by  the  substitution  of 
different  arms.  The  end 
carrying  the  feeler  is 
hardened;  the  hole  that 
receives  it  is  lapped  true 
and  smooth.  The  feeler 
itself  is  hardened,  ground,  and  lapped  so  as  to 
be  a  good  sliding  fit  in  the  hole.  Both  of  its 
ends  are  hemispherical;  the  upper  end  is 
enlarged,  to  form  a  stop.  The  diief  pecu- 
liarity of  the  lever  is  the  manner  in  which  it 
is  fulcrumed,  the  fulcrum  being  so  designed 


that  not  only  is  all  wear  taken  up  automat- 
ically, but  also  the  possibility  of  any  lost 
motion  at  the  fulcrum  is  done  away  with. 
This  is  done  without  the  introduction  of 
any  complicated  device. 

Referring  to  view  (c),  which  is  a  detail 
drawing  of  the  main  part  of  the  lever,  it  is 
seen  that  the  fhlcrum  pin/  is  held  by  its 
ends  in  the  two  wings  that  straddle  the  end 
of  the  body  a.  This  pin  is  hardened  and 
lapped  smooth;  it  is  then  driven  home. 
The  seat  or  bearing  for  the  fuTcrum  pin  is 
shown  in  view  (e).  A  slot  g,  about  two- 
thirds  of  the  diameter  of  the  pin  in  width, 
is  cut  to  a  depth  sufficient  to  have  the  pin 
dear  the  bottom  of  it.  The  upper  edges  of 
the  slot  are  slightly  beveled;  the  fulcrum 
pin  rests  on  these  two  edges.  \t  is  held 
down  to  its  seat  by  the  straddle  spring, 
which,  by  reason  of  its  bearing  on  the  lever 
between  the  fulcrum  and  point  of  contact 
at  the  feeler,  holds  the  fulcrum  pin  down, 
prevents  any  lost  motion,  takes  up  any 
wear,  and  also  causes  the  lever  to  follow 
any  sliding  motion  of  the  feeler.  The  strad- 
dle spring  is  shown  in  view  (d).  It  should 
be  a  rather  stiff  spring;  if  made  of  the  size 
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shown  in  the  drawing  it  should  be  made 
from  sheet  steel  ^  inch  thick. 

Suppose  it  is  desired  to  test  a  piece  of 
work  to  find  out  whether  it  runs  true  on 
deBMl  centers.  Place  the  work  between  the 
centers  of  the  lathe,  and,  after  attaching  the 
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indicator  to  its  holder,  which  ie  shown  in 
Fig.  4,  adjust  it  so  that  the  feeler  will  bear 
hard  on  the  work  to  be  tested,  and  be 
about  perpendicular  to  the  surface  of  the 
work.  R)tate  the  work  between  the  centers 
bj  hand  and  watch  the  end  of  the  long  arm. 
If  it  moves,  it  indicates  one  or  both  of 
two  things:  (1)  the  work  may  not  be  cylin- 
drical; (2)  the  work  may  be  eccentric  in 
regard  to  the  centers  on  which  it  has  been 
finished. 

A  good  idea  of  the  kind  of  error  may 
be  formed  by  carefully  watching  the  move- 
ment of  the  end  of  the 
lever.  If  it  vibrates 
steadily  just  once  for 
each  revolution  of  the 
work,  the  latter  is 
most  likely  to  be 
round,  but  not  central 
in  regard  to  ils  cen- 
ters. If  the  pointer 
moves  in  jumps,  i.  e., 
makes  several  vibra- 
tions during  one  rev- 
olution, the  work  is 
most  likely  to  be  out 
of  round  and  it  also 
may  be  eccentric.  To 
test  its  roundness,  cal- 
iper it  in  a  number  of 
directions,  preferably 
with  a  micrometer. 
When  the  work  is  ec- 
centric, it  can  often  be 
made  central  in  regard 
to  its  centers  by  care- 
fully lapping  the  cen- 
ter or  centers  with  a 
brass  lap  charged  with 
emery,  provided  the 
error  is  very  smaU,  say 
.0006  inch.  When  the 
end  of  the  long  arm 

remains  stationary  it  Fig.  4 

shows  the  work  to:  be 
both  round  and  concentric  with  its  centers. 

The  indicator  may  be.  applied  to  a  hole  in 
a  piece  of  work  held  in  the  chuck  or  on  the 
face  plate,  for  the  purpose  of  finding  out 
whether  the  axis  of  the  hole  coincides 
exactly  with  the  axis  of  the  spindle;  in 
other  words,  to  find  out  whether  the  hole 
runs  true.  If  the  hole  is  too  small  to  admit 
the  feeler  of  the  indicator,  grind  up  a  cylin- 
drical plug  to  fit  the  hole  nicely,  and  apply 
the  indicator  to  the  outside  of  the  cylinder. 
The  indicator  may  also  be  applied  to  the 
&ce  of  work,  to  see  whether  it  has  been  faced 


S^ 


true  or  whether  it  runs  true  sidewise;  like- 
wise, it  is  of  great  assistance  in  rechucking 
or  resetting  cylindrical  work  that  is  required 
to  be  chucked  with  great  accuracy. 

The  particular  design  of  indicator  here 
shown,  being  removable  from  its  holder,  can 
be  attached  to  a  surface  gauge  and  may  then 
be  used  for  testing  the  parallelism  of  straight 
surfaces.    As  is  well  known,  it  is  very  diffi- 
cult to  measure  the  parallelism  of  straight 
surfaces  when  they  are  fur  apart;  in  many 
cases  calipers  cannot  be  applied  at  all.    For 
instance,  consider  the  piece  shown  in  Fig.  2. 
The  question  arises  as 
to  whether  the  plane 
of  the  circular  ring  at 
a  is   parallel  to  the 
plane  of  6.  Evidently, 
this  cannot  be  meas- 
ured   by     calipering. 
But  if  the  indicator  is 
attached  to  a  surface 
gauge,  the  work  may 
be  placed  on  a  sur&ce 
plate  and   the  feeler 
brought  in  contact 
with  the  ring  a.    If  its 
pointer   remains   sta- 
tionary while  the 
feeler  is  moved  around 
the  ring,  the  surfaces 
are  parallel. 

In  order  that  a  small 
motion  of  the  end  of 
the    pointer   will  be 
visible,  it  is  necessary 
to  have  some  station- 
ary point  near  it  The 
writer  has  used  for  tins 
purpose  a  thin  metal 
disk  with  a  piece  of 
soft  brass  wire,  pointed 
^^^^      at  the  end,  soldered  to 
JRRBIP      it.    The   disk  was 
placed   between  the 
joint  of  the  holder  and 
the  joint  end  of  the  indicator;  the  brass  wire 
was  then  bent  to  the  shape  required.    If 
desired,  some  more  elaborate  constniction 
may  be  employed. 

The  center  indicator  shown  full  size  in 
Fig.  3  is  intended  to  aid  in  the  proper  loca- 
tion of  work  that  is  to  be  chucked,  so  that 
a  center  punch  mark  will  coincide  with  the 
axis  of  the  live  spindle  of  the  lathe — that  is, 
run  true.  The  tool  is  essentially  a  lever 
with  a  long  and  a  short  arm  taming  about 
a  ball  joint  as  a  fulcrum.  The  indicator  is 
clamped  to  the  tool  holder  shown  in  Fig.  4, 
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which  is  held  in  the  tool  poet  of  the  lathe; 
the  carriage  is  then  ran  forward  until  the 
pointed  end  of  the  short  arm  bears  lightly 
in  the  center  punch  mark  in  the  work.  The 
part  a  is  made  thin  so  as  to  form  a  spring 
that  will  hold  the  pointer  in  the  center 
punch  mark.  If,  on  revolving  the  headstock 
spindle,  it  is  found  that  the  end  of  the  long 
arm  moves  in  a  circle,  it  shows  that  the 
center  punch  mark  is  not  in  the  axis  of  the 
spindle,  and  the  work  needs  moving  until 
the  end  of  the  pointer  remains  stationary, 
when  the  spindle  with  work  attached  to  it 
18  revolved.  It  is  necessary  to  have  some 
stationary  point  by  which  to  observe  the 
motion  of  the  pointer;  the  dead  center  is 
the  most  convenient  point  to  use. 

If  the  indicator  is  connected  to  a  holder  in 
such  a  manner  that  it  can  be  swiveled  up 
and  down,  it  can  readily  be  used  in  all  sizes 
of  lathes.  The  center  indicator  shown 
possesses  the  advantage  that  there  are  no 
joints,  and  its  accuracy  is  not  disturbed  by 
wearing  of  the  joints.  Furthermore,  the 
pointer  is  adjustable  for  different  degrees  of 
sensitiveness;  a  small  setscrew  in  the  baU,  a 
section  of  which  is  shown  separately,  is 
used  for  clamping  the  pointer  and  ball 
together.  It  is  scarcely  advisable  to  make 
the  pointer  longer  than  15  inches;  this  length 


-will  be  found  to  answer  very  well  indeed. 
If  made  longer,  the  tool  wUl  be  affected  too 
much  by  the  vibration  of  the  machine. 

The  pointer,  the  ball,  and  the  head  a 
should  be  made  of  tool  steel  and  afterwards 
hardened.  The  head  a  must  be  drawn  to  a 
spring  temper,  since  it  serves  as  a  spring. 
The  ball  and  the  end  of  the  pointer  may  be 
drawn  to  a  straw  color.  Grind  together  the 
ball  and  the  seat  in  the  head,  using  the 
finest  flour  emery.  The  shank  b  may  be 
made  of  machinery  steel  and  case  hardened. 

The  holder  shown  in  Fig.  4  is  made  of 
tool  steel.  Its  head  a  has  a  cylindrical  hole  b 
to  receive  the  clamping  bolt  c,  by  means  of 
which  the  indicators  are  attached.  The 
head  has  a  cylindrical  shank  closely  fitted 
to  a  hole  in  the  holder  proper.  The  holder 
is  split  at  the  front  end;  a  clamping  bolt  d 
allows  the  head  a  to  be  locked  in  any  posi- 
tion after  rotation  to  the  desired  place.  The 
combination  of  two  joints  aUows  a  move- 
ment of  the  indicator  in  two  planes  perpen- 
dicular to  each  other;  hence,  the  indicator 
can  be  swung  through  a  very  wide  range  of 
positions,  and  is  then  adapted  to  almost  any 
size  of  lathe  and  any  kind  of  work  con- 
ceivable. It  is  advisable  to  harden  the 
holder  at  a  rather  low  heat,  and  then  draw 
it  to  a  spring  temper. 


TESTING,  ADJUSTING,  AND  READING 
THOMSON  RECORDING  METERS 


W.  H.  Fellows 


Tools  and  Instruments  Required — ^Testing  Two-  and  Three- Wire  Mbtbes — ^Adjusting 
AND  Calibrating — ^Directions  for  Taking  Readings 


THE  flat-rate  consumer  has  been,  and  is 
now,  gradually  disappearing;  in  his 
place  is  found  the  one  that  pays  for 
his  electrical  energy  on  a  meter  basis.  Now, 
the  electric  meter  is  held  responsible  for 
nearly  all  the  earnings  of  a  company,  with 
the  exception  of  what  comes  from  the  series 
arc  system. 

Since  a  very  large  proportion  of  the  sta- 
tion's total  output  goes  to  supply  loads  of 
one,  two,  or  a  few  lamps,  the  meter  should 
raster  with  a  fair  degree  of  accuracy  on 
these  light  loads,  as  well  as  on  the  greater 
loads.  The  up-to-date  central-station  mana- 
ger has  come  to  realize  that  the  meter  will 
soon  more  than  pay  for  time  spent  on  it  in 
putting  it  in  good  running  order.    On  the 


other  hand,  a  consumer  complains  that  his 
meter  certainly  must  be  running  too  fast. 
(It  can  be  counted  on  that  he  will  not  com- 
plain in  the  other  direction. )  It  will,  there- 
fore, be  seen  that  methods  should  be  available 
for  testing  meters  so  as  to  bring  about  a  feel- 
ing of  security  and  satisfaction  to  the  mana- 
ger; also,  to  ascertain  whether  the  consumer 
has  just  grounds  for  complaint. 

In  the  following,  the  writer  will  endeavor 
to  describe  some  methods  and  hints  appli- 
cable in  testing  and  adjusting  Thomson 
recording  watt-hour  meters,  which  he  has 
picked  up  in  a  company  having  installed 
over  1,300  meters,  about  half  of  which  are 
Thomson  meters. 

The  meter  will  be  regarded  as  installed  in 
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the  place  where  it  has  rendered  or  is  to  render 
aervice,  since  it  is  there  that  the  conditions 
under  which  it  is  to  operate  are  met  with. 
The  methods  pointed  out  will  also  be 
fonnd  valuable  in  the  labora- 
tory. The  following  instru- 
ments and  tools  will  be  found  ~ 
serviceable: 

1  pair  of  e-inch  lide  cutting  pllen. 

1  pair  of  6-inoh  gas  pliera. 

Ipairoftweeaen. 

Sorewdrlyen  suitable  for  dilTerent 
screws  in  meter. 

1  pocket  kit  of  meter  tools  (pat  up 
by  the  General  Electric  Company). 

1  8-inoli  or  4-inch  fine-grained  flat 
file. 

1  small  rubber  syringe. 

1  old  shaft,  for  holding  shaft  ends. 

Sticks  (boxwood,   very  good)  for  ^ 

cleaning  between  segments  of  com- 
mutator. 

1  good  stop-watch. 

For  Altbrnatinq-Currxnt  Work 

1  standard  ToUmeter. 

1  standard  indicating  wattmeter  (ito  capacity  de- 
pending on  capacity  of  meter  to  be  tested). 

1  standard  lamp  (calibrated  for  watts  at  different 
voltages). 

For  Dirkct-Ourrent  Work 

1  Weston  voltmeter. 

1  Weston  milliyoltmeter  and  shunt  (capacity  of 
shunt  depending  on  capacity  of  meter  to  be  tested). 

Connectors  and  cables  are  to  be  of  such  forms  and 
carrying  capacities  as  will  be  necessary  for  making 
required  connections. 

Piece  of  cotton  cloth. 

Boll  of  Much  white  cotton  tape. 

Sheet  of  crocus  doth. 

Gasoline,  for  cleaning  train  of  counter. 

A  good  portable  lamp  bank. 

To  carefully  test  a  meter  on  the  circuit, 
the  services  of  two  men  will  be  required,  a 


Figs.  1  and  2  show  proper  oonnectioiie  on 
two- wire  meters.  It  will  be  noticed  that  the 
energy  consumed  in  the  potential  circoit  of 
either  of  these  meters  is  not  measured  by 


Flo.  1 


tester  and  a  helper — one  to  count  the  revo- 
lutions and  one  to  watch  the  instruments. 
It  is  advisable  to  take  a  statement  of  the 
meter  before  touching  it  at  all.  Then  re- 
move the  cover  and  proceed  to  connect  the 
standard  instruments  according  to  the  dia- 
grams given. 


Fig.  2 

the  other;  that  is,  the  current  of  the  arma- 
ture in  the  Thomson  meter  does  not  pass 
through  the  fields  of  the  standard  meter; 
neither  does  the  current  of  the  shunt  in  the 
standard  pass  through  the  field  boils  of  the 
Thomson  meter. 

Standard  instruments  of  too  large  a  capac- 
ity should  not  be  used,  since  the  readings 
will  be  too  far  down  on  the  scale  and  cannot 
be  relied  on  within  a  fair  degree  of  per- 
centage error.  Two  standard  meters  of  dif- 
ferent capacities  will  often  be  found  neces- 
sary. For  example,  let  us  say  that  a  50- 
ampere  Thomson  meter  is  to  be  tested. 
Then,  a  50-ampere  standard  and  alO-ampere 
standard  wUl  make  a  very  convenient  com- 
bination. With  direct  current,  the  combi- 
nation of  shunts,  of  course,  makes  a  very 
flexible  arrangonent.  For  very 
low  loads  on  smaller  meters,  the 
standard  liftnp  previously  men- 
tioned will  come  into  service, 
especially  in  alternating-current 
districts. 

Having  the  standard  instru- 
ments properly  connected,  one 
man  reads  the  instruments  while 
the  other  counts  the  revolutions 
of  the  disk  for  from  40  to  60  sec- 
onds, or  even  longer.  The  time 
of  the  revolutions  is  read  from 
the  stop-watch,  and  the  meter 
watts  are  calculated  from  the 
following  formula: 

--  ,  ^         i2X^X 3,600 

Meter  watts  =  — — — ^     ' — , 

in  which 
R  =  number  of  revolutions  in  T  seconds; 
T  =  time,  in  seconds,  of  R  revolutions; 
K  =  constant  marked  on  dial. 
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Efficiency  (percent)  =-^^^*;^. 

The  standard  watts  are  the  mean  of  toUs 
X  amperes  on  direct  carrent,  or  the  mean 


Fig.  8 

reading  of  a  standard  wattmeter  on  alter- 
nating carrent 

It  is  always  well  to  check  a  test  on  any 
given  load. 

ExAHPLs. — A  meter  is  a  10-ampere  100- 
▼olt  Thomson,  and  the  disk  makes  10  revo- 
lutions  in  60  seconds.  Then,  meter  watts  = 
lOXiX  3,600 


60 


=  300.    The  mean  standard 


watts,  as  indicated  by  the  standard  meter  or 

300 


Percent,  efficiency  =  ■       = 


meters,  IS  ^ 

99,  about;  or,  the  meter  is  1  per  cent.  slow. 

This  method  of  procedure  and  formala 

may  be  need  to  test  the  efficiency  of  the 

meter  on  any  load,  although  it  is  hardly 


volts.  The  coils  can,  therefore,  be  connected 
in  series  (Fig.  3)  and  tested  on  a  110-volt 
current  In  the  formula,  however,  JT  should 
be  regarded  as  one-half  of  the  constant 
marked  on  the  dial.  Aside  from  this,  the 
meter  can  be  tested  in  the  same  manner  as 
a  two-wire  meter. 

Fig.  A  shows  a  method  of  bridging  and 
connecting  a  three-wire  meter  for  testing, 
with  a  cut-out  on  both  the  line  and  the  load 
side.  The  bridging  is  only  necessary  where 
a  consumer  wishes  to  use  current  during  the 
test 

Primaby  Meters 

These  are  60-  or  100-volt  meters  with  a 
special  transformer  to  transform  from  the 
primary  voltage  to  the  voltage  for  which  the 
meter  is  wound.  They  .can  be  tested  on  a  sec- 
ondary circuit  having  the  same  voltage  as  the 
secondary  voltage  of  the  meter  transformer. 
The  value  of  f  in  the  formula  is  equal  to 
the  constant  marked  on  the  dial  divided  by 
the  ratio  of  transformation.  For  example, 
the  line  voltage  is  1,000;  the  secondary  volt- 
age is  100;  the  constant  on  the  dial  is  10; 
hence,  JT  =  10  + 10  =  1.  If  the  meter  is 
for  a  very  high- voltage  circuit,  then  current 
transformers  are  used ,  and  the  ratio  of  trans- 
formation of  current  has  to  be  taken  into 
account  For  example,  the  voltage  trans- 
formed is  from  5,000  to  100;  the  current 
ratio  is  3  to  1;  the  constant  marked  on 
the  dial  is  150;  then,  iTin  the  formula  =  1 


FlQ.  4 


practicable  to  go  below  5  per  cent,  of  the     when  the  meter  is  tested  on  a  100-volt  circuit 


rated  capacity  of  the  meter. 

TRBn-WiRB  Meters 

The  potential  circuital  of  these  meters  are 
wound  for  110  volts  in  meters  rated  at  220 


After  testing  the  meter  on  different  loads, 
it  will,  in  all  probability,  show  an  error 
somewhere  if  it  has  been  installed  any 
length  of  time.  It  will  generally  be  found 
slow  on  light  loadp,  due  to  friction.    About 
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the  first  thing  to  do  ia  to  clean  the  meter 
.  thoroughly.  Blow  the  dust  out  with  the 
small  syringe,  and  wipe  out  with  a  cotton 
doth  the  parts  that  can  he  reached.  Clean 
out  the  top  hearing  and  worm  gear,  hut 
never  oil  them,  as  the  oil  is  liable  to  find  its 
way  to  the  commutator.  If  the  train  of  the 
cx>unter  is  stiff;  a  bath  in  gasoline  will  gen- 
erally be  found  an  excellent  remedy.  Next 
see  that  the  brushes  present  a  dean,  flat, 
smooth  surface  to  the  comimutator.  A  piece 
of  crocus  doth  glued  to  a  narrow  thin  stick 
answers  the  purpose  for  polishing  the 
brushes,  except  in  cases  where  grooves  are 
worn  in  them.  Then  a  small  flat,  fine- 
grained file  may  be  used  first.  After  the 
brushes  are  put  in  proper  shape,  the  com- 
mutator can  be  polished  with  the  narrow 
cotton  tape;  where  necessary,  a  narrow  strip 
of  worn  crocus  doth  may  be  used  first.  To 
use  the  crocus  cloth  and  tape,  pass  it  around 
the  commutator,  cross  the  ends  in  front  to 
prevent  catching  the  brushes,  then  pull 
back  and  forth,  twirling  the  rotating  part. 
The  spaces  between  the  segments  can  be 
cleaned  with  a  stick  whittled  to  a  fiat 
point. 

Next  examine  the  jewd  and  shaft  end. 
The  jewel  can  be  tested  with  a  fine-pointed 
needle.  If  found  rough  or  scratched  it 
should  be  replaced  with  a  new  one.  The 
shaft  end  can  be  removed  with  a  spedal 
tool  found  in  the  repair  kit  It  can  then 
be  screwed  into  the  end  of  an  old  shaft, 
when  any  roughness  can  be  detected  by  rub- 
bing it  over  the  finger  nail.  If  found  rough, 
a  new  shaft  end  should  be  put  in.  When 
the  new  jewd  is  put  in,  it  may  leave  the 
rotating  part  too  high  or  too  low  for  the  worm 
and  wheel  to  mesh  properly.  Adjustment 
can  be  made  in  this  case  by  loosening  the 
jam  nut  just  under  the  collar  of  the  disk.  A 
drop  of  good  clock  oil  may  be  put  on  the 
jewel,  except  when  the  meter  is  located  in  a 
dusty  place. 

The  meter  is  now  ready  for  adjustment. 
It  should  be  made  as  nearly  correct  as  pos- 
sible on  about  full  load  by  moving  the 
dampeniug  magnets.  To  move  these,  loosen 
the  screws  underneath  the  meter.  The 
meter  is  slowed  down  when  the  magnets  are 
moved  away  from  the  shaft,  and  is  speeded 
up  when  they  are  moved  toward  it.  If  it  is 
found  that  the  meter  will  not  come  up  to 
speed,  with  the  magnets  as  far  in  as  they 
will  go,  there  is  probably  an  open  circuit  in 
the  armature.  If  this  is  the  case,  the  meter 
will  show  an  error  in  the  neighborhood  of 
30  per  cent.    Again,  if  the  meter  cannot  be 


brought  down  to  proper  S]>eed,  the  magnets 
may  be  too  weak  or  there  may  be  a  short 
circuit  in  the  envelope  resistance. 

After  adjusting  at  fhll  load,  drop  down  to, 
say,  a  5-per-cent.  load.  The  brush  tension 
may  here  be  changed  to  bring  about  proper 
speed.  To  weaken  the  tension,  push  the 
brushes  back  away  from  the  commutator  hx 
enough  to  make  a  set  in  them.  To  strengthen 
the  tension,  use  the  small  pointed  instrument 
that  is  provided  with  the  repair  kit,  and 
push  straight  back,  just  where  the  brush 
starts  on  its  first  convolution.  Never  leave 
the  brushes  so  loose  that  sparking  at  the 
commutator  will  result.  When  the  meter  is 
once  properly  adjusted  on  these  two  loads 
it  will  generally  be  found  correct  on  any 
other  load  up  to  its  rated  capadty. 

If  a  meter  is  located  in  a  place  where  there 
is  vibration,  it  may  be  found  to  creep.  This 
can  be  stopped  by  shunting  the  compensa- 
ting coil.  When  this  is  done,  effidency  on 
light  loads  is  generally  sacrificed.  Vibration 
will  shorten  the  life  of  the  jewel  and  cause 
sparking  at  the  commutator.  Hence,  meters 
should  be  located  in  places  as  free  from 
vibration  as  possible. 

Reading  meters  is  considered  a  difficult 
task  by  many,  but  once  the  dials  are 
thoroughly  understood  there  should  be  no 
trouble  in  reading  correctly.  The  main 
point  is  to  exerdse  care.  With  a  little  prac- 
tice it  will  be  found  that  a  dial  can  be  read 
with  almost  as  much  ease  as  a  row  of  figures. 
Fig.  5  illustrates  dials  of  meters  with  the 
pointers  in  various  podtions.  Some  of  them 
have  the  pointers  so  situated  as  to  often 
puzzle  the  beginner.  We  will  give  the  read- 
ing of  each,  and  endeavor  to  explain  why 
each  should  be  read  as  given.  A  thorough 
knowledge  of  the  six  readings  should  enable 
one  to  read  almost  any  meter. 

The  lowest  reading  pointer  is  the  one  to 
the  extreme  right  (facing  the  meter).  One 
complete  revolution  means  1,000;  each  divi- 
sion, therefore,  is  100.  The  next  one  to  the 
left  is  10,000  to  a  revolution,  or  1,000  to  a 
divimon,  and  so  on.  It  will  be  seen  that  the 
ratio  of  velocities  of  neighboring  pointers  is 
10  to  1,  the  wheel  of  the  shaft  to  the  right 
gearing  into  the  pinion  of -the  ehaft  just  to 
the  left  of  it  This  accounts  for  the  alter- 
nate directions  of  rotation  of  the  pointeiB. 

Beginning  at  the  left,  number  the  pointers 
1,  2,  3,  4,  and  5.  Then  in  /,  Fig.  5,  No.  6 
pointer  is  on  ;?,  and  is  read  "200."  Not  4 
pointer  is  two-tenths  of  the  way  between 
8  and  P,  and  is  read  "  8,000."  No.  3  is  read 
"10,000."    No.  2  has  not  gone  through  its 
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first  division;  likewise,  No.  1.  The  state- 
ment is  then  18,200,  and  is  to  be  multiplied 
by  the  constant  of  the  meter,  to  reduce  to 
watt-hours. 

The  statement  of  J/,  Fig.  5,  is  5,718,000, 
(not  5,719,000  as  it  frequently  would  be 
read).  No.  4  pointer  should  not  be  read 
''9"  until  No.  5  has  completed  its  revolution 
and  is  again  at  sero. 

The  statement  of  ///,  Fig.  5,  is  99,800, 
(not  109,800),  because  the  100,000  mark  will 
not  be  reached  until  pointer  No.  5  has  passed 
from  8  to  zero,  when  No.  4  and  No.  3  will  be 
at  zero.  No.  2  at  i,  and  No.  1  just  past  the 
zero  mark. 

The  sti^tement  of  IV,  Fig.  5,  is  9,990,800. 
No.  1  pointer  is  slightly  misplaced.  Other- 
wise, the  reasons  giYen  above  will  apply  to 
this  statement 

The  statement  of  F,  Fig.  5,  is  8,619,900. 
No.  2  pointer  is  misplaced;  for  it  should  be 
two-tenths  of  the  way  between  6  and  7, 
instead  of  durectly  over  6,  as  shown. 

The  sUtement  of  VI  is  835,200  (not 
834,200).  No.  4  pointer  is  misplaced.  It 
should  be  about  the  same  distance  on  the 
other  side  of  5.  These  misplaced  hands  are 
frequently  met  with  in  practice,  and  are 
generally  caused  by  a  knock  in  removing 
the  cover,  or  perhaps  they  are  a  little 
eccentric 

To  ascertain  the  number  of  watt-hours 
that  have  been  used  by  a  consumer  from 
one  date  to  another,  subtract  the  earlier 
statement  from  the  latter,  and  multiply  by 
the  constant  of  the  meter.  Or,  multiply 
both  statements  by  the  constant,  then  sub- 
tract. The  writer  prefers  the  latter  method, 
for  the  reason  that,  if  a  mistake  is  made  in 
multiplying  by  the  constant,  the  error  will 
naturally  be  compensated  for  at  the  next 
reading.  An  illustration  of  this  will  be  given 
Ijiter. 

To  illustrate  how  the  consumption  in  watt- 
hours  is  obtained,  let  us  take  some  of  the 
dial  readings  of  Fig.  5.  *  The  constant  of  the 
meter  is  h 

Statement  January  30  ( F)       =  8,619,900 

Statement  February  28  (J  F)    =  9,990,800 

Statement  March  31  (/)  =       18,200 

SUtement  April  30  (III)         =       99,800 

Watt-hours  January  30  to  February  28 
=  (9,990,800  —  8,619,900)  X  i  =  685,450; 
or  i  of  9,990,800  — J  of  8,619,900  =  685,450. 

Watt-hours  February  28  to  March  31  =  } 
of  10,000,000  —  J  of  9,990,800  +  }  of  18,200 
==  13,700.  This  means  that  the  meter  has 
run  up  to  its  highest  reading  point,  and  has 
r^g^tered  anew  1*8,200  X  i  watt-hours. 


Watt-hours  March  31  to  April  30  =  99,800 
Xi  — 18,200  Xi  =  40,800. 

Suppose  that  the  January  and  the  Febru- 
ary readings  were  taken  and  subtracted,  and 
then  multiplied  by  i,  but  that  an  error  was 
made  in  multiplying  that  brought  the  con- 
sumption up  to  680,450  watt-hours.    Now, 


-•  -  ^  II 

/o,coo,oae     f,oc€iOoo      /oo,ooo 


/<^OOO,0O0      /,000,000       /00.000  /tiOOO         /,0OO 


/ 0,000,000    /.OOO.OOO      fOO.OOO 


/o,ooo    /,ooo 


Pig.  6 

/O,O0O,OO0  iOOO 

suppose  we  multiplied  the  readings  by  \ 
first,  making  February  28  =  4,990,400  and 
January  30  =  4,309,950.  It  will  be  seen 
that  a  mistake  has  been  made  in  multiply- 
ing the  February  reading,  as  it  is  5,000  low. 
This  is  equal  in  amount  to  the  error  made 
under  the  first  method.    As  a  starting  point 
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from  which  to  figare  the  bill  coyering  the 
period  between  February  28  and  March  31, 
4,990,400  has  been  entered  in  the  books. 
Bat  this  is  5,000  lower  than  it  should  be. 
Therefore,  the  watt-hours  billed  March  31, 
will  be  18,700  instead  of  13,700,  thus  compen- 
sating for  what  was  lost  the  previous  month. 


In  conclusion  I  would  say,  exercise  cue 
in  every  instance.  Do  not  slight  detuls 
in  working  on  meters.  The  details  make 
up  the  whole.  The  one  that  pays  dose 
attention  to  these  points  and  is  eneigetic 
should  make  a  valuable  man  to  care  for 
meters. 


A  FAMOUS  PARADOX 


Greorga  McC.  Robson,  M.  A. 


ZxNo's  Attempt  to  Disprove  the  Reality  of  Motion — Dioobneb'  Reply — Sum  of  an 
Infinite  Number  of  Terms — ^Product  of  an  Infinite  Number  of  Facttobs 

nature,  which  involve  the  use  of  infinite 
series,  were  first  proposed  by  certain  Greek 
philosophers  belonging  to  what  is  called  the 
EleoHc  School,  Zeno,  of  Elea  (bom  about 
490  B.  C. ),  one  of  the  most  famous  membov 
of  the  Eleatic  School,  argued  against  the 
reality  of  motion  by  a  subtle  paradox,  pro- 
fessing to  prove  that  the  swiftest  animal 
could  never  catch  the  slowest,  if  the  latter 
had  any  start.  For,  suppose,  he  says,  that 
Achilles  pursues  a  tortoise  which  has  100 
yards  start,  and  suppose  that  Achilles  nms 
10  times  as  fast  as  the  tortoise.  It  is  evident, 
then,  that  when  Achilles  has  run  100  yards, 
the  tortoise  is  still  10  yards  in  front  of  him; 
when  Achilles  has  run  these  10  yards,  the 
tortoise  is  1  yard  in  front;  when  Achilles 
has  run  this  1  yard,  the  tortoise  i»  ^  at  h 
yard  in  front.    After  (n  -f  2)  of  these  stages, 

Achilles  would  be  =-^  of  a  yard  behind  the 
tortoise;  by  making  n  large  enough,  we  can 
make  ^^  as  small  as  we  please,  but  no  mat- 
ter how  large  n  may  be,  provided  it  is  finite, 
r^  is  not  exactly  equal  to  sero.    Hence, 

after  (n  +  2)  of  these  stages,  no  matter  how 
great  the  number  n  may  be,  Achilles  is  still 
behind  the  tortoise.    In  other  words,  say 

Zeno  and  the  Eleatic  School,  j^  can  never  be 

equal  to  zero,  and  therefore  Achilles  can 
never  overtake  the  tortoise. 

Our  readers  will  notice  the  similarity 
between  Zeno's  famous  paradox  and  our 
subscriber's  question  about  the  hands  of  the 
clock.  It  will  also  be  noticed  that  in  the 
statement  of  Zeno's  conclusion,  the  word 
never  is  printed  in  italics,  in  order  to  draw 
particular  attention  to  this  word;  for  the 
whole  difficulty  arises  fh>m  the  improper  use 


THE  following  question  from  a  subscriber 
relates  to  a  matter  which  is  both  interest- 
ing and  important,   and   which   has 
puzzled  a  great  many  people.    Therefore, 
we  have  decided  to  make  it  the  subject  of 
an  article. 

The  question  is:  The  dial  of  a  clock  is  1 
foot  in  circumference;  at  one  o'clock  the 
points  of  the  two  hands  are  i'^  of  a  foot  apart; 
when  the  minute  hand  has  covered  the  dis- 
tance, the  hour  hand  has  advanced  th  ^^  i  o 

of  a  foot,  or  ^^^  of  a  foot;  when  this  Tot  ^^  * 
foot  has  been  covered  by  the  minute  hand, 
the  hour  hand  has  advanced  y^  of  :r^  of  a 

foot,  or  ^  of  a  foot.  In  this  way,  the  dis- 
tance the  hands  are  apart,  which  may  be 
represented  by  x^  is  made  to  have  succes- 
sively the  values  j^,  j2i.  i2~8'  12*'®*®'°'*^^*' 
Thus,  the  successive  values  of  x  are  found 
from  the  equation 

'  =  r^.      (1) 

by  giving  n  successively  the  values  1,  2, 3,  4, 
etc.  Now,  (a)  is  the  value  of  x  ever  reduced 
to  zero?  (b)  if  not,  what  is  the  value  of  x 
when  the  hands  are  together?  (c)  does  not 
this  prove  that  a  fraction   of  the   series 

2»  2«»  2*'  2**  ^^'  ^^^  fiiM^lly  ^  equal  to  zero, 
if  the  series  is  canied  out  infinitely  ?  and  {d) 
ia  it  not  tme  th.t  J  -  ^  _  _3.  _  _3.  _  etc., 

if  carried  on  infinitely,  is  exactly  equal  to 
zero? 

This  is  a  very  curious  paradox  and  it  is  of 
great  historic  interest    Paradoxes  of  this 
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of  thk  word.  About  the  thing  itself  there 
is  no  difficulty  or  doubt;  and  by  careful 
attention  to  what  actually  occurs,  it  is  easy 
to  avoid  being  entangled  in  useless  quibbles 
about  words.  To  explode  Zeno's  contention 
that  there  is  no  such  thing  as  motion, 
Diogenes  the  Cynic,  without  a  word,  simply 
walked  across  Uie  floor. 

These  paradoxes  taught  the  Greeks  to  look 
with  suspicion  on  the  use  of  infinity  series, 
and  led  to  the  invention  of  what  is  known 
as  the  method  of  exhaustions,  and  thus 
had  a  very  important  influence  on  Greek 
mathematics. 

The  development  of  metaphysics  also  was 
affected  very  considerably  by  this  paradox  of 
Zeno.  The  word  metaphygica  owes  its  origin 
to  Aristotle,  one  of  the  greatest  of  the  Greek 
philosophers.  After  Aristotle  had  written 
his  work  on  Physics,  he  wrote  another  work, 
which  he  called  Metaphysics  (after  the 
physics),  simply  because  it  was  written  after 
his  Physics.  In  his  reply  to  Zeno's  paradox, 
Aristotle  gave  the  following  definition  of 
eoTUinuity:  "A  thing  is  corUmuoua  (mx^x^C) 
when  of  any  two  of  its  successive  parts  the 
limits,  at  which  they  meet,  are  one  and  the 
same,  and  are,  as  the  word  implies,  held 
together.'*  Hence,  in  reply  to  Zeno  he  said, 
motion  is  not,  like  counting,  a  discrete 
operation—a  series  of  jerks;  the  moved 
thing  does  not  stop  at  the  sta^^es  which  the 
calculator  chooses  to  make;  a  line  is  not 
made  up  of  points,  nor  is  a  period  of  time 
made  up  of  a  series  of  indivisible  instants, 
or  "nows.''  This  is,  in  brief,  the  answer 
given  by  the  father  of  metaphysics  to  Zeno's 
paradox. 

While  Aristotle's  explanation  may  be 
quite  satisfactory  to  the  metaphysicians,  we 
shall  endeavor  to  present  the  matter  in  a 
way  that  will  be  more  easily  understood  by 
ordinary  men. 

Let  the  line  AQ  he  2  inches  long;  let 
AQ  he  bisected  in  P;  let  P  Q  be  bisected 


A  P  P^      iJjBO 

in  Pi;  and  so  on.  Suppose  that  a  particle 
starts  from  A  and  moves  toward  Q.  Sup- 
pose the  particle  to  move  in  such  a  manner 
that  it  passes  over  1  inch  in  an  interval 
of  time  t]  then,  over  ^  of  an  inch  in  the 

time  ti',  then,  over  ^  of  an  inch  in  the  time 

f,;  and  so  on.  Under  these  circumstances, 
at  the  end  of  the  interval  e,  the  particle  is  at 
P;  at  the  end  of  the  interval  t^,  the  particle 
is  at  Pi;  and  at  the  end  of  the  interval  t^  the 


particle  is  at  P^,    Let  8^  denote  the  whole 
distance  passed  over  by  the  particle  in  the 
(n  +  1)  intervals  .of  time  t,  fi,  ^ti  •  •  -  ^i  ^nd 
let  T^  denote  the  sum  of  these  intervals. 
Then,  we  have 

«n  =  1  +  ^  +  ^,  +  . . .  +  ^;       (2) 

and 

a^^  =  <+  <i  4-  ^,  +  ...+<«.  .     (3) 

The  second  member  of  equation  (2)  is  a 
geometrical  progression,  and  by  elementary 
algebra,  we  have 

1 


1  — 


«.= 


2n+l 


1  —  i 


or, 


«.  =  2- 


2»' 


(4) 


The  greater  the  number  n  is,  the  smaller 
does  the  fraction  ,r  become;  and,  by  taking 

n  great  enough,  we  can  make  ^  as  small  as 

we  please,  and,  consequently,  we  can  make 
P^Q  as  small  as  we  please.  But  no  matter 
how  great  n  may  be,  provided  it  is  finite, 

the  fhiction  ^  can  not  be  equal  to   zero. 

Notice  that  in  this  last  sentence  the  word  not 
is  printed  in  italics;  a  great  many  modem 
writers  on  mathematics  would  write,  ''but 
no  matter  how  great  n  may  be,  the  fraction 

^  can  never  be  equal  to  zero.''    It  is  this 

substitution  of  never  for  not  that  creates  all 
the  confusion.  The  word  never  has  reference 
to  time.    If  we  are  simply  considering  the 

values  of  the  fractions  g,  ^s,  gs'  2**  ®*^''  *^® 
value  of  each  of  these  fractions  is  the  same 
now  as  it  was  in  the  days  of  Aristotle,  and 
the  same  as  it  wUl  be  at  the  end  of  the  twen- 
tieth century;  the  words  present  and  future, 
now  and  never  have  nothing  to  do  with  the 

value  of  such  a  fraction  u  »  or  ,.  There- 
fore, if  we  are  to  consider  time  in  connection 
with   the  value  of  the  fraction  -  ,  which 

appears  in  equation  (4),  we  can  do  so  only 
by  reference  to  equation  (3).  Thus,  we  are 
entitled  to  say  that  at  the  end  of  the  time 
T.,  where  n  is  finite,  the  distance  8^  is 
not  equal  to  2  inches,  but  is  less  than  2 

inches  by  ^  of  an  inch,  but  this  is  not  the 

same  as  saying  that  iS'^  can  never  be  equal  to 
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2  inchee,  unlesB  indeed  the  interval  of  time 
that  lies  between  the  beginning  of  the 
motion  and  that  epoch  of  time  which  we  glibly 
speak  of  as  never  can  be  an  exceedingly 
short  period.     Suppose,  for  example,  that 

t  =  1  second,  e^  =  -  of  a  second,  <j  =  «,  of 

a  second,  ^  =  ^,  of  a  second,  etc. ;  then  equa- 
tion (3)  become^, 

whence, 


*       ^  -r  3  -r  3,  -r  .  .  .  3H» 


^      3"+^       1 


or, 


3 

T.  =  n 


2X3» 


(5) 


No  matter  how  great  n  may  be,  provided 
it  is  finite,  the  time  T«  is  less  than  1}  seconds. 
By  making  n  large  enough,  we  can  make  the 

fraction  ^      ^n  ^  small  as  we  please,  and 

therefore  we  can  make  T^  as  nearly  equal 
to  li  seconds  as  we  please;  and,  as  we  have 
already  seen,  the  variable  distance  P^Qi 
which  separates  the  particle  from  Q,  can 
also  be  made  as  small  as  we  please  by 
making  n  large  enough.  If  the  particle 
never  reaches  Q,  it  must  stop  at  some  point 
12  between  Pand  Q;  then,  the  distance  H  Q 
is  a  fixed  or  constant  magnitude.  But  we 
have  seen  that  the  variable  distance  P.  Q 
can  be  made  as  small  as  we  please;  therefore, 
we  can  make  P^Q  less  than  the  fixed  dis- 
tance R  Q;  that  is,  the  particle  which  is  sup- 
posed to  stop  at  R  moves  past  R.  Hence,  it 
must  be  wrong  to  suppose  that  the  particle 
stops  at  any  point  R  between  Pand  Q.  In 
other  words,  the  particle  actually  reaches  Q, 
and  it  reaches  Q  in  exactly  1^  seconds,  and 
comes  to  rest  at  Q.  But  we  must  remember 
the  number  of  the  intervals  t,  ^,  ^,  etc. 
required  for  the  particle  to  reach  Q  is  not 
finite. 

In  the  preceding  discussion,  we  supposed 
the  particle  to  move  with  increasing  velocity 
as  it  advanced  from  A  toward  Q,  Let  us 
now  consider  a  case  in  which  the  particle 
moves  with  decreasing  velocity  from  A 
toward  Q;  this  will  be  the  case  if  each  of  the 
intervals  of  time  is  equal  to  1  second;  so  that 
t  =  ti^t^  =  t^~  etc.  =  1  second.  The 
distance  passed  over  in  n  intervals  of  time  is 
still  given  by  equation  (4),  but  the  time  T^ 


is  not,  in  this  case,  given  by  equation  (5). 
Instead,  we  have 

a'n  =  «-H<i-f^+  .  .  .  +«.; 

or, 

7;  =  1  +  1+1+  ...  +1; 
whence, 

7;  =  n  +  l.        (6) 

In  this  case,  when  n  increases  without 
limit,  the  distance  /S'n,  as  given  by  equation 
(4),  approaches  more  and  more  nearly  to  2 
inches,  and  by  making  n  large  enough,  the 
distance  S^  can  be  made  to  differ  from  2 
inches  as  little  as  we  please;  but  as  n  increaaea 
without  limit,  the  time  T^,  as  given  by  equa- 
tion (6),  also  increases  without  limit.  80 
long  as  the  time  T.  is  finite,  S^  cannot  be 
exactly  equal  to  2  inches,  and  the  particle 
cannot  quite  reach  the  point  Q.  In  this 
case,  therefore,  the  particle  does  not  arrive 
at  Q  in  any  finite  time. 

In  both  of  the  cases  discussed,  the  dis- 
tance passed  over  in  {n-\-l)  of  the  inter- 
vals of  time,  provided  (n-f  1)  is  finite,  is 
expressed  by  the  sum  of  (n-f  1)  terms  of 

the  geometrical  progression  1  +  s  +  2*  "^  ®^ 

Manifestly,  it  would  be  convenient  if  we 
could  say  that  the  distance  passed  over  in  an 
infinite  number  of  the  intervals  is  expressed 
by  the  sum  of  an  infinite  number  of  terms  of  the 
same  progression.  But  before  we  can  noalce 
this  statement  we  must  explain  what  the 
sum  of  an  infinite  number  of  terms  means. 

The  ordinary  arithmetical  definition  of 
addition  explains  what  is  meant  by  the  sum 
of  any  finite  number  of  terms,  but  gives  no 
explanation  of  the  sum  of  an  infinite  num- 
ber of  terms.  In  framing  a  definition  of  the 
sum  of  an  infinite  number  of  terms,  we  must 
make  the  new  definition,  as  far  as  possible, 
in  harmony  with  the  ordinary  arithmetical 
defiuition,  merely  introducing  into  the  arith- 
metical definition  whatever  modifications 
may  be  necessary.  Now  the  sum  of  a  finite 
number  of  terms  does  not,  in  any  way, 
depend  upon  the  element  of  time;  therefore 
the  new  definition  must  not  contain  such 
words  as  ever  and  never,  which  involve  the 
idea  of  time.  The  following  definition  ful- 
fils these  conditions: 

DEFiNrrioN. — If  a  series  of  terms^  formed  in 
a  definite  order  according  to  a  fixed  law,  is  suck 
that  the  sum  of  n  of  Us  terms  taken  in  order,  by 
increasing  n,  can  be  made  to  differ  from  a  con- 
stant finite  number  8  by  an  amount  less  than  any 
assignable  quantity ,  th^en  S  is  coiled  the  sum  of 
an  infinite  number  of  terms  of  the  series^  and 
the  series  is  said  to  be  convergent. 

Some  authorities  would  further  restrict  this 
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definition  by  including  in  it  the  statement 
that  the  sam  of  any  finite  number  of  its  terms 
cannot  be  equal  to  8,  This  restricting  state-, 
ment  is  inadmissible,  because  there  are 
conveigent  series  in  which  the  sum  of  a 
few  terms  is  equal  to  the  sum  of  an  infinite 
number  of  terms. 

In  accordance  with  the  definition  given 
above,  the  sum  of  an  infinite  number  of 
terms  of  the  geometrical  progression  in  the 
second  member  of  equation  (2)  is  8  =  2; 
and  the  sum  of  an  infinite  number  of  terms 
of  the  geometrical  progression  a  +  ar  -\-  ar^ 
-\-  ar*-\-  etc.,  is  8  =  a  +  ar-\-ar^'^af^-{' 

to  infinity  =  __  ,  provided  r  is  numer- 
ically less  than  unity. 

The  ordinary  arithmetical  definition  of 
multiplication  explains  what  the  continued 
product  of  any  finite  number  of  factors  is,  but 
does  not  fix  the  meaning  to  be  attached 
to  the  continued  product  of  an  infinite  num- 
ber of  factors.  Hence,  if  we  are  to  speak  of 
the  continued  product  of  an  infinite  number 
of  factors,  we  must  frame  some  such  defi- 
nition as  the  following: 

Definition. — Jf  a  continued  product  of 
fadort,  formed  in  a  defmUe  order  according 
to  a  fixed  law,  is  such  that  tJie  product  of  n  of 
the  f  odors  taken  in  order,  by  increasing  n,  can 
be  made  to  differ  from  a  constant  finite  number 
Pbyan  amount  less  than  any  assignable  quantity, 
then  P  is  called  the  product  of  an  infinite  num- 
ber of  ifie  factors. 

Now,  ^  is  the  continued  product  of  n 

£eu:tor8,  each  equal  to  ^,  and,  evidently  ^ 

can  be  made  to  differ  from  zero  by  an  amount 
less  than  any  assignable  quantity  by  taking 
n  large  enough;  therefore,  by  the  preceding 

definition,  ^  is  equal  to  zero  if  n  is  infinite. 

Let  us  now  return  to  Achilles  and  the 
tortoise.  Suppose  that  the  tortoise  runs  at  a 
uniform  rate  of  1  yard  in  ^^^  of  a  minute; 
then,  Achilles  runs  10  yards  in  ^^  of  a 
minute.  Therefore,  Achilles  gains  90  yards 
on  the  tortoise  in  1  minute.  Dividing  the 
chase  into  stages,  as  Zeno  did,  we  find  that 
the  first  stage  lasts  1  minute,  and  Achilles 
gains  90  yards;  the  second  stage  lasts  i^  of  a 
minute,  and  Achilles  gains  9  yards;  the 

third  stage  lasts  tt^  of  a  minute,  and  Achilles 

gains  ^  of  a  yard,  and  so  on.  Let  8^  denote 
the  distance  Achilles  gains  in  (n  + 1 )  stages, 
and  let  T^  denote  the  time  occupied  by  these 
stages. 


9 


^10"' 


.+ 


10^' 


(7) 
(8) 


Then,  we  have 

^«  =  90  +  9  +  j^-f  . 
and 

^•^  =  1  +  10  +  1^  + 

According  to  the  definition  of  the  sum  of 
an  infinite  number  of  terms,  the  sum  of  an 
infinite  number  of  terms  of  the  geometrical 
progression  iu  the  second  member  of  equa- 
tion (7)  is         ^^  ^^^ 

'^      =^  =  100, 


8  = 


90 


1-iV  9 
and  the  sum  of  an  infinite  number  of  terms 
of  the  geometrical  progression  in  second 
member  of  equation  (8)  is 

l-A  9  '*• 
Thus,  Achilles  gains  100  yardsi  and  over- 
takes the  tortoise  in  an  infinite  number  of 
intervals  of  time,  and  the  sum  of  all  these 
intervals  is  equal  to  1^  minutes.  At  any 
instant  before  the  lapse  of  1}  minutes, 
Achilles  is  behind  the  tortoise;  at  the  end  of 
1(  minutes  he  has  exactly  overtaken  the 
tortoise;  and  at  any  later  inetant  Achilles, 
if  he  does  not  stop,  is  ahead  of  the  tortoise. 
Then,  we  reply  to  Zeno  that  if  the  tortoise 
and  Achilles  run  with  uniform  velocity,  the 
time  may  be  divided  into  an  infinite  number 
of  parts,  as  he  says;  but  these  parts  decrease 
in  geometrical  progression,  and  the  sum  of 
an  infinite  number  of  them  is  equal  to  a 
finite  interval  of  time. 

But,  suppose  that  Achilles  and  the  tortoise, 
instead  of  running  with  uniform  velocities, 
become  leg-weary  and  run  with  decreasing 
velocities.  Suppose  the  tortoise  runs  the 
first  10  yards  in  1  minute,  runs  the  next 
yard  in  1  minute,  the  next  ^  of  a  yard  in 
1  minute,  and  so  on.  Then  Achilles  runs 
his  first  100  yards  in  1  minute,  the  next 
10  yards  in  1  minute,  the  next  yard  in  1 
minute,  and  so  on.  In  this  case,  Achilles 
gains  90  yards  in  the  first  minute,  9  yards  in 
the  second  minute,  ^j^  of  a  yard  in  the  third 
minute,  and  so  on.  Hence,  the  distance 
gained  by  Achilles  in  (n  +  1)  of  these  inter- 
vals of  time  (minutes)  is  given,  as  before,  by 
equation  (7).  But  in  this  case  the  sum  of 
the  (n  +  1 )  intervals  of  time  is  given  by  the 
equation 

T„  =  l  +  l  +  14-l  =  n+l, 
or  T,  =  n  +  1,  (9) 

instead  of  being  given  by  equation  ( 8 ) .  When 
n  is  infinite,  as  in  the  former  case,  the  dis- 
tance gained  by  Achilles  in  an  infinite  num- 
ber of  intervals  of  time  is 

fif=90-f-9-fA  +  ...to  infinity, 
or  8=  100. 
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Bat  in  thia  case  the  interyalB  of  time  are 
all  equal,  and  the  som  of  them  is  an  infinite 
period  of  time.  In  this  case,  therefore,  it 
takes  an  infinite  time  for  Achillea  to  over- 
take the  tortoiae;  in  other  worda,  Achillea 
doea  not  overtake  the  tortoiae  in  any  finite 
time,  which  means  that  he  never  over- 
takea  it. 

From  thia  diacnaaion,  it  appears  that  the 
qaeation  of  whether  Achillea  overtakea  the 
tortoiae  or  not  dependa  neither  upon  fine 
metaphyaical  diatinctiona  nor  npon  anbtile 
qnibblea  about  worda,  but  aimplj  upon 
whether  he  runa  iaat  enough  or  not  If  he 
runa  fiRSt  enough  he  will  overtake  it  aoon; 
if  he  runa  alow  enough,  there  will  be  a 
good  deal  of  eternity  fooled  away  before 
the  tortoiae  ia  overtaken. 

If  we  merely  deaired  to  determine  when 
Achillea  overtakea  the  tortoiae,  we  would 
Bolve  the  problem  in  a  different  and  simpler 
way;  but  it  waa  neceaaary  to  diacuaa  the 
queation  in  the  manner  given  above,  in 
order  to  meet  the  Eleatic  School  upon  their 
own  ground. 

In  the  clock  problem  we  could  eaaUy  fol- 
low out  the  aame  linea  of  diacuaaion  aa  given 
above  for  the  Achillea  paradox,  and  we 
would  ahow  that  the  minute  hand  overtakea 
the  hour  hand  at  exactly  6/r  minutea  paat 
one  o'clock,  and  then  the  minute  hand 
paaaea  the  hour  hand.  It  ia  eaaier,  however, 
to  aay  that  in  1  minute  of  time  the  minute 
hand  movea  1  minute  apace,  and  the  hour 
hand  movea  I'i  of  1  minute  apace;  hence, 
in  1  minute  of  time  the  minute  hand  gaina 
1  — i>i,  or  H  o^  ^  minute  apace.  There- 
fore, it  takea  the  minute  hand  6  -h  ||,  or  bfx 
minutea  to  overtake  the  hour  hand.  Thia 
anawers  queationa  (a)  and  (6).  With  regard 
to  queation  (c),   we  have  already  atated 

that  the  fraction  ^  is,  by  definition,  equal 

to  sero  when  n  ia  infinite.  In  accordance 
with  the  definition  of  the  aum  of  an 
infinite  series,  we  give  an  affirmative  answer 
to  question  {d)  also. 

There  is  a  familiar  problem  in  theoretical 
mechanics  that  involves  the  same  considera- 
tions. At  a  place  where  the  acceleration  due 
to  gravity  is  32.16  feet  per  second  per  second, 
an  imperfectly  elastic  particle  is  projected 
vertically  upward  from  a  point  in  a  hori- 
zontal plane  with  a  velocity  of  32.16  feet  pcir 
second ;  when  it  fklls  upon  the  plane  it  contin- 
ually rebounds  and  rises  to  }  of  the  height 
from  which  it  fell.  Neglecting  the  time 
occupied  by  the  series  of  impacts  and  the 
resistance  of  the  air,  find  the  whole  distance 


through  which  the  particle  moves  and  the 
time  that  elapaea  before  it  ia  brought  to  rest 
It  is  shown  in  elementary  books  on  dynamics 
that  the  whole  distance  through  which  the 
particle  moves  is  given  by  the  equation 

-S  =  -(l  +  c-|-e*-|-to  infinity); 

o'»  ^=7Xj^^;  (10) 

and  the  time  that  dapses  before  the  particle 
comes  to  rest  is  given  by  the  equation 

r=  —  (l-|-«  +  ««  +  to  infinity); 


or, 


g       1  —  e 


(11) 


where  v  =  velocity  of  projection  in  feet  per 
second  =  32.16; 
g  =  acceleration     due     to    gravity 

=  32.16; 

e  =  coefficient  of  restitution  =  ^. 

Substituting  these  valuea  in  equations  (10) 

and  (11),  we  get  iS=  42.88  feet,  and  T  =  4 

aeoonda.    Thia  particle  makea  an   infinite 

number  of  rebounda  in  the  space  of  4  aeoonda. 

To  prevent  miaconceptiona,  it  may  be  well 

to  repeat  that  the  fraction  ^  ia  not  equal  to 

zero,  no  matter  how  great  a  finite  number  n 
may  be;  for  example,  when  n  ia  equal  to  the 

millionth  power  of  a  million,  ^  ia  not  equal 

to  zero.    Furthermore,  we  did  not  prove 

that  ^  ia  zero  if  n  is  infinite;  we  merely  laid 

down  the  definition  that  ^  is  zero  if  n  is  in- 
finite. 

This  is  a  fr^e  country;  and  any  able- 
bodied  American  citizen,  of  fall  age,  who  is 
neither  a  criminal,  confined  in  a  house  of 
correction,  nor  a  pauper  in  receipt  of  public 
alms,  is  at  perfect  liberty  to  reject  one  or 
both  of  the  definitions  given  in  this  article. 
If  he  rejectis  these  definitions,  he  ahould 
either  abatain  from  uaiug  the  aum  of  an  in- 
finite number  of  terma  and  the  product  of 
an  infinite  number  of  factors,  or  frame  aome 
definitions  to  take  the  place  of  those  we 
have  given.  Whatever  he  may  do  with 
regard  to  these  definitions,  it  ia  to  be  hoped 
that  he  will  not  permit  any  cunning  com- 
bination of  words,  or  any  jugglery  with 
algebraic  symbols  to  obscure  his  vision  ao 
that  he  cannot  tell  the  time  of  day  by  a 
clock,  and  has  akeptical  doubta  aa  to  whetiier 
the  minute  hand  will  ever  overtake  the  hour 
hand. 
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The  Conditionb  RxQunuNG  the  Undbrpinnino  op  Walls— The    Principal   Methods 
Employed— Their  Construction  and  Advantages 


IT  OFTEN  happens  that  the  foundation  of 
a  new  building  is  to  be  constructed  close 
to  an  adjoining  stracture,  the  footings  of 
which  have  not  been  carried  down  to  the 
depth  that  is  required  for  the  new  building. 
If  the  soil  or  bottom  upon  which  the  exist- 
ing building  rests  is  soft  day  and  sand, 
gravel,  loose  sand,  or  in  fitct  any  soft  soil 
that  would  be  liable  to  compress,  crush,  or 
subside  when  the  excavations  for  the  new 
building  are  proceeding,  then  prop|r  precau- 
tions must  be  taken  to  preserve  the  old 
or  existing  building  from  iiijury  and  pre- 
vent it  from  suddenly,  settling  and  thus 
causing  the  walls  to  fracture  or  collapse. 

Such  a  condition  of  affairs  is 
shown  in  Fig.  1.  In  this  case 
the  bottom  of  the  excavation 
for  the  new  building  is  10  feet 
below  the  curb  line,  whUe  the 
footing  of  the  old  building  is 
only  4  feet  from  the  curb  line. 
From  this  figure  it  can  readily 
be  seen  that  the  wall  of  the 
old  building  would  crush  the 
earth  underneath  its  footings 
after  the  excavation  for  the 
new  foundation  had  been  3^^.*^^;-. 
made.  To  avoid  such  a  dis-  ^^^'A^ 
aster,  builders  and  house  }:^^^^ 
shorers  place  temporary  sup-  ^'^ti^lti 
ports  underneath  the  walls  of  ^^ 
the  old  building,  so  that  they 
will  be  safely  canied  until  a 
new  foundation  can  be  built 
The  purpose  of  such  shores  is 
usually  to  support  the  old  wall  until  the  new 
foundation  can  be  built  from  the  bottom  of 
the  excavation  up  to  the  old  footings. 

This  question  of  underpinning  is  one 
that  is  of  great  interest  to  architects  and 
owners,  for  many  important  legal  cases  have 
had  their  origin  in  a  plea  for  damages 
instituted  by  owners  whose  buildings 
were  ruined  by  carelessness  in  excavating 
for  the  foundations  of  adjacent  buildings. 
In  large  cities  the  importance  of  protecting 
existing  structures  frx)m  damage  caused  by 
adjacent  building  operations  became  evident 
to  the  lawmakers,  and  laws  and  ordinances 


Fig. 


governing  such  cases  were  drawn  up  and 
adopted,  and  in  most  cases  rigorously 
enforced.  The  following  quotation  from  the 
complete  laws  of  New  York  will  show  con- 
clusively the  extent  and  purpose  of  such  an 
ordinance,  and  show  to  the  reader  how 
important  it  ii  to  provide  adequate  methods 
of  underpinning. 

SXCAVATIOMB  AND  FOUNDATIOMS 

Sec.  22.    Exea.vQtioni,—A\\  excavatiom  for  bulld- 
ingi  shall  be  properly  guarded  and  protected  lo  ae  to 
preyent  the  lame  ftom  beooming  dangerooe  to  life 
or  limb  and  shall  be  sheath-plled  where  necessary  to 
prevent  the  adjoiuini^  earth  from  csylng  in,  by  the 
person  or  persons  cannliif  the  excavations  to  be 
made.    Plans  filed  in  the  Department  of  Buildinss 
shall  be  accompanied  by  a  state- 
ment of  the  character  of  the  soil  at 
the  leyel  of  the  footings. 

Whenever  an  exearation  of  either 

earth  or  rock  for  building  or  other 

purposes  shall  be  intended  to  be,  or 

'-^  shall  be  carried  to  the  depth  of  more 

\\  than  ten  feet  below  the  curb,  the 

v.  person  or  persons  causing  such  ex- 

'\  oavation  to  be  made  shall  at  all 

times,   from  the  commencement 

Vi  nntil   the   completion   thereof,  if 

^  afforded  the  necessary  license  to 

^^^  enter  upon  the  adjoining  land,  and 

— M not  otherwise,  at  his  or  their  own 

I  expense  preserve  any  adjoining  or 

\  contiguous  wall  or  walls,  structure 

J^  or  structures  from  injury,  and  sup- 

port the  same  by  proper  founda- 
tions, so  that  the  said  wall  or  walls, 
\friM,^m  ^A  9  Structure  or  structures,  shall  be  and 
remain  practically  as  safe  as  before 
;.:  ■■.^'^'"''' ,  such  excavation  was  commenced, 
whether  the  said  adjoining  or  con- 
tiguous wall  or  walls,  structure  or 
1  structures,  are  down  more  or  less 

than  ten  feet  below  the  curb.  If 
the  necessary  liceuf  e  is  not  accorded  to  the  person 
or  persons  making  such  excavation,  then  it  shell 
be  the  duty  of  the  owner  refusing  to  grant  such 
license  to  make  the  adjoining  or  contiguotis  wall  or 
walls,  structilre  or  structures,  safe,  and  support  the 
same  by  proper  foundations  10  that  sdjoining  exca- 
vations may  be  made,  and  shall  be  permitted  to 
enter  hpon  the  premises  where  such  excavation  Is 
being  msde  for  that  purpose,  when  necessary.  If 
such  excavation  shall  not  be  intended  to  be,  or  shall 
not  be,  carried  to  a  depth  of  more  than  ten  feet 
below  the  curb,  the  owner  or  owners  of  such  adjoin- 
ing or  contiguous  wall  or  walls,  structure  or 
structures,  shall  preserve  the  same  from  injury,  and 
so  support  the  same  by  proper  foundations  that  it  or 
they  shall  be  and  remain  practically  as  safe  as  before 
such  excavation  was  commenced,  and  shall  be  per- 
mitted to  enter  upon  the  premises  where  such 
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excavation  U  being  made  for  that  porpose,  when 
necessary. 

In  cane  an  adjoining  party  wall  U  intended  to  be 
used  by  the  person  or  persons  causing  the  excavation 
to  be  made,  and  such  party  wall  is  in  good  condition 
and  sufficient  for  the  uses  of  the  adjoining  building, 
then  and  in  such  case  the  person  or  persons  causing 


»>S*»>q«y|  S0^/itc  \ 
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the  excavations  to  be  made  shall,  at  his  or  their  own 
expense,  preserve  such  party  wall  from  injury  and 
support  the  same  by  proper  foundations,  so  that  said 
party  wall  shall  be  and  remain  practically  as  safe 
as  before  the  excavation  was  commenced. 

If  the  person  or  persons  whose  duty  it  shall  be  to 
preserve  or  protect  any  wall  or  walls,  structure  or 
structures,  fh>m  injury  shall  neglect  or  fail  so  to  do, 
after  having  had  a  notice  of  twenty-four  hours  from 
the  Department  of  Buildings,  then  the  CSommissioner 
of  Buildings  may  enter  upon  the  premises  and 
employ  such  labor,  and  ftimish  such  materials,  and 
take  such  steps  as,  in  his  Judgment,  may  be  necessary 
to  make  the  same  safe  and  secure,  or  to  prevent  the 
same  fh>m  becoming  unsafe  or  dangerous,  at  the 
expense  of  the  person  or  persons  whose  duty  it  is  to 
keep  the  same  safe  and  secure.  Any  party  doing  the 
said  work,  or  any  part  thereof,  under  and  by  direc- 
tion of  the  said  Department  of  Buildings,  may  bring 
and  maintain  an  action  against  the  person  or  per- 
sons last  herein  referred  to,  to  recover  the  value  of 
the  work  done  and  material  ftimished  in  and  about 
the  said  premises  in  the  same  manner  as  if  he  had 
been  employed  to  do  the  said  work  by  the  said  per- 
son or  persons.  When  an  excavation  is  made  on  any 
lot,  the  person  or  persons  causing  such  excavation 
to  be  made  shall  build,  at  his  or  their  own  cost  and 
expense,  a  retaining  wall  to  support  the  adjoining 
earth;  and  such  retaining  wall  ihall  be  carried  to 
the  height  of  the  adjoining  earth,  and  be  properly 
protected  by  coping.  The  thickness  of  a  retaining 
wall  at  its  base  shall  be  in  no  case  less  than  one- 
fourth  of  its  height. 

When  the  excavation  for  a  new  bailding 
is  being  executed  it  is  the  duty  of  the  con- 
tractor or  his  foreman  to  stop  the  excavation 
at  the  bottom  of  the  stone  or  concrete  foot- 
ings of  any  or  all  contiguoos  buildings,  and 
the  excavation  should  not  be  allowed  to 
proceed  until  the  foundation  walls  and  foot- 
ings of  buildings  that  are  liable  to  damage 


have  been  properly  and  thoroughly  pro- 
tected, either  by  temporary  shoring,  needling, 
or  by  thorough  underpinning.  The  best 
way  to  protect  the  foundations  of  a  building 
having  solidly-built  walls  and  where  the 
footings  are  some  distance  above  the  bottom 
of  the  excavation,  is  to  insert  timber  needles 
through  the  wall,  either  under  the  base  stone 
or  the  concrete  footings.  If  the  walls  are 
to  be  underpinned  with  a  continuous  stone 
or  brick  underpinning,  they  may  be  needled 
under  the  superimposed  brickwork  at  the 
top  of  the  stone  foundation  work,  as  shown 
in  Fig.  2.  In  this  figure  the  needle  is 
reenforced  or  stiffened  by  a  second  timber 
placed  on  its  upper  side,  to  prevent  sagging 
under  the  weight  of  the  wall.  The  shores 
or  uprights  are  likewise  often  doubled,  in 
order  to  guard  against  any  settlement  at  the 
sole  piecte,  or  plates.  In  such  a  case  two 
sets  of  uprights  are  used,  one  set  having 
pump  screws  and  the  other  being  provided 
with  wedges  so  that  should  settlement  take 
place  in  the  inner  shores,  or  those  marked 


Fig.  8 


a,  a  in  Fig.  2,  the  wedges  under  the  outside 
ones  can  be  driven  up  tight,  thus  relieving 
the  inner  shores  of  much  of  the  weight 
The  needles  and  shores  should  be  kept  from 
6  to  8  feet  apart  and  set  level  and  plumb, 
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likewise  8olid«  When  snfficient  needles  are 
inserted  in  the  manner  described,  the  wall 
will  corbel  or  arch  itself  between  them,  and 
the  intervening  stonework  may  be  removed, 
the   new  foundation  wall   being   built  up 
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from  the  bottom  of  the  excavation,  as  shown 
by  the  dotted  lines  in  Fig.  1.  Should  the 
wall  that  is  supported  upon  needles  show 
any  indications  of  buckling  or  bulging, 
raking  or  spur  shores  may  be  placed  at 
the  second-  or  third-story  tier  of  beams. 
These  props  will  steady  the  wall  and  prevent 
any  danger  of  collapse. 

The  illustration  of  Fig.  3  shows  a  very  good 
method  of  combining  blocking,  needling,  and 
shoring  for  the  purpose  of  underpinning  the 
wall  without  encroaching  upon  the  built 
and  occupied  premises.  In  this  figure  the 
cantilever  or  needle  is  a  strong 
12^^X12'"'  oak  or  yellow-pine 
timber,  resting  upon  the  block- 
ing which  is  placed  upon  the 
firm  bottom  of  a  trench  or  hole 
dug  to  the  same  level  as  the 
new  adjoining  excavation.  The 
blocking  is  located  at  about 
one-fourth  the  length  of  the 
cantilever  or  needle  beam  from 
its  end,  the  beam  being  held 
in  equilibrium  by  the  spur  or 
raking  shore  that  has  its  upper 
end  set  in  the  wall  at  the  second- 
story  tier  of  floorbeams.  The 
spur  or  raking  shore,  besides 
holding  the  needle  beam  in 
equilibrium,  also  prevents  the 
wall  from  bulging.  The  bottom 
end  of  the  shore  is  prevented 
frx)m  slipping  by  the  heavy  oak  blocks  and 
wedges  shown  in  Fig.  3.  For  further 
security  against  slipping,  stout  2-inch  braces 
or  ties  are  often  nailed  or  spiked  to  each  side 
of  the  brace  or  needle. 


Many  contractors  follow  the  method  of 
underpinning  iUustrated  in  Fig.  4,  and 
where  this  is  employed  no  shoring  or  need- 
ling need  be  used,  since  the  wall  is  supported 
directly  from  the  bottom  of  the  adjoining 
excavation  on  granite  or  iron 
posts.  These  posts  or  supports 
are  inserted  in  rises,  or  chases, 
cut  out  of  the  old  wall  to  admit 
them.  This  can  safely  be  done, 
as  the  brickwork  corbels  or 
arches  itself  between  the  in- 
serted supports.  Where  such 
methods  of  procedure  are  em- 
ployed, the  posts  are  set  on 
station  bases  of  sufficient  area 
and  capped  with  two  bluestone 
plates  or  station  templets,  the 
wall  being  brought  to  a  bear- 
ing upon  the  posts  by  driving 
wrought-iron  wedges  between 
the  templets  until  the  maul  rebounds  and 
they  cannot  be  driven  any  farther.  The 
templets  must  in  all  cases  be  bedded  in 
good  strong  Portland  cement  mortar  before 
being  wedged  up  tightly.  The  writer  has 
seen  many  gable  walls  safely  underpinned 
by  this  method,  and  remembers  tliat  in 
one  case  the  posts  used  were  old  front 
first-story  columns  that  had  only  sup- 
ported a  granite  lintel  in  the  old-fashioned 
way  still  to  be  seen  in  many  existing  build- 
ings constructed  previous  to  the  extensive 
introduction  of  cast-iron  columns.     When 


the  excavation  is  carried  down  to  a  great 
depth,  it  is  neceseary  to  use  brick  piers  with 
mortar  instead  of  granite  or  cast-iron  posts, 
and  when  such  piers  are  used  care  must 
be  taken  to  see  that  they*^have  sufficient 
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sectioDal  area  to  fdllj  support  the  loads 
coming  upon  them  from  the  building. 

Fig.  5  shows  the  method  of  underpinning 
bj  use  of  brick  piers  well  bonded.  In  this 
case  the  bottom  of  the  excavation  for  the 
new  building  is  so 
far  below  the  old 
footings '  that  the 
rough  rubble  wall 
forming  the  old 
foundation  had 
better  be  removed 
and  the  sides  be- 
tween the  piers 
filled  in  with  a 
light  retaining 
wall  of  stone  or 
brick.  Should  the 
bottom  of  the  ex- 
cavation for  the 
piers  prove  to  be 
of  soft  earth,  it 
maj  be  necessary 
to  distribute  the 
weight  of  the 
building  by  foot- 
ings consisting  of 
grillage,  ranging 
timbers,  or  in- 
verted arches. 
Where  such  a 
condition  exists,  the  special  foundation 
should  be  put  in  place  before  the  piers  are 
built  in,  and  such  shoring  and  needling  as 
will  be  necessary  should  be  provided.  It  can 
readily  be  seen  that  such  foundations,  and 
especially  the  inverted  arches,  could  not  be 
safely  built  without  first  supporting  the  old 
work  above.  The  dotted  lines  in  Fig.  5  show 
.  the  Inverted  arches  and  also  the  concrete 
footing.  Before  the  wedges  between  the 
templets  on  the  top  of  the  brick  piers  are 
driven  tight,  the  mortar  in  the  piers  must  be 
given  ample  time  to  set,  in  order  that  full 


Fio.  6 


strength  of  the  brickwork  may  be  realized 
before  they  are  subjected  to  the  weight  from 
above.  It  is  a  good  practice,  and  a  precau- 
tion that  should  never  be  neglected,  to  lower 
the  shoring  under  needling  very  gradually, 
so  that  no  sudden  shock  will  come  upon  the 
new  work. 

Fig.  6  illustrates  clearly  the  method  by 
which  a  girder  may  be  supported  upon  a 
grillage  of  heavy  timbers  laid  across  each 
other  at  right  angles.  If  the  blocks  are 
available  and  of  regular  sizes,  this  method  is 
safer  and  -more  reliable  than  vertical  shores 
supporting  horizontal  needles,  because,  on 
account  of  the  increased  area  of  the  base, 
there  is  lees  lateral  movement.  It  is  really 
the  only  method  to  employ  where  the  entire 
story  is  to  be  removed  in  order  to  make 
alterations,  but  it  has  the  disadvantage  of 
taking  up  space  and  requiring  considerable 
material  in  the  way  of  timber. 

In  conclusion,  the  writer  would  impreaa 
upon  all  those  engaged  in  the  practice  of 
architecture  or  building  operations  the  im- 
portance of  observing  every  precauti(m  for 
the  preservation  of  foundations  supporting 
the  adjacent  buildings.  The  careful  con- 
sideration of  this  subject  is  of  preeminent 
importance  at  the  beginning  of  the  twentieth 
century,  when  buildings  of  great  height  and 
weight  are  often  erected  adjacent  to  or 
between  low  and  light  buildings,  and  should 
there  be  no  proper  precaution  taken,  it  is 
not  only  possible  but  highly  probable  that 
the  result  will  be  disastrous,  for  the  heavy 
masses  of  the  greater  structure  will  drag 
down  and  injure  the  smaller  one.  This  is 
especially  the  case  where  the  composition 
of  the  earth  under  the  footing  is  of  a  com- 
pressible nature.  The  proper  consideration 
of  foundations  and  footings  has  never 
required  more  skill  and  care  in  the  history 
of  building  construction  than  it  does  now, 
and  should  never  for  any  reason  be  neglected. 
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Hoea— Disadvantages  of  Each  Method 
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[ANY  a  reader,  perhaps,  whose  eye 
chances  to  fall  on  the  title  of  this 
article,  will  have  a  general  idea  of 
what  it  is  to  wire  a  car,  and  may  wonder 
what  there  is  to  it  that  can  be  profitably 
written  about  Any  of  these  readers  who 
will  take  the  tronble  to  step  into  a  depot  or 
street-car  repair  shop  immediately  after  a 
heayy  thunder  shoirer  or  snow  storm,  and 
see  a  few  of  the  troubles  to  which  motor 
equipments  &11  heur,  and  which  keep  the 
barn  men  on  a  continuous  jump  while  the 
trouble  lasts,  will  be  in  a  position  to  agree 
with  us  that  a  little  talk  about  some  of  these 
troubles  and  their  causes  and  cures  will  do 
no  one  any  harm. 

The  talk  is  addressed  more  particularly  to 
those  who  know  very  little  about  the  under 
side  of  a  car,  so  that  the  battle-scarred 
expert  may  save  himself  some  little  time  by 
reading  on  a  line  more  conducive  to  his 
advancement;  but  if  he  should  risk  the 
attempt,  it  is  to  be  hoped  that  he  may  cull 
a  point  here  and  there  at  least  presented  to 
him  in  a  little  different  light  from  what  he 
has  been  accustomed  to  see  it 

As  a  rule,  the  equipment  shipped  to  any 
given  road  is  wired  according  to  a  blueprint 
provided  by  the  makers,  who  know  very 
well  the  traffic  conditions  to  be  met  with  and 
the  size  of  the  motors  to  be  used.  The  blue- 
print is  always  marked  ''Gar- Wiring  Dia- 
gram for  2  horsepower  motors  and  2 

controllers,"  and  it  further  specifies  the  size 
of  each  wire  to  be  used  in  connecting  the 
motors  to  the  several  controlling  devices  on 
and  under  the  car.  If  the  car  is  wired 
according  to  such  a  blueprint,  and  for  the 
motors  and  other  devices  that  the  print  calls 
for,  the' job,  when  done,  cannot  be  very  far 
wrong,  at  least  in  regard  to  the  sizes  of  wires 
used  and  the  path  of  the  current  through 
the  various  devices  and  connections.  But  it 
is  very  often  the  case  that  there  are  several 
sizes  of  motors  on  the  same  road,  and  just  as 
often  the  thoughtless  practice  to  indlBcrimi- 
nately  shift  motors  from  one  car  to  another, 
without  any  regard  whatever  to  the  question 
as  to  whether  or  not  the  hose  and  its  500  or 
600  feet  of  wire  will  do  the  work  in  a  satis- 
factory and  economical  manner.    Of  course, 


it  is  safe,  as  far  as  the  wires  are  concerned, 
to  put  a  pair  of  small  motors  where  a  pair  of 
large  motors  have  been,  but  it  is  by  no 
means  safe  to  subject  the  car  wires  propor- 
tioned to  transmit  the  power  of  the  small 
motors,  to  the  duties  of  a  hose  adapted  to 
use  with  larger  motors. 

Let  us  see  now  what  some  of  the  factors 
are  that  dictate  the  size  that  the  wires  in  a 
car  hose  shall  be.  In  the  first  place,  the 
wires  must  be  large  enough  to  carry  the  car's 
current  without  any  danger  from  excessive 
heating;  in  the  second  place,  this  current 
must  be  carried  without  excessive  loss  in 
voltage  due  to  the  resistance  of  the  wire 
itself  and  that  of  its  joints  and  connections. 
To  consider  the  last  item  first,  let  us  take  a 
20-foot  box  car,  equipped  with  two  30  horse- 
power motors  and  two  E-11 G.  E.  controllers. 
The  controllers  call  for  14  wires  running 
from  one  of  the  car  motors  to  the  other;  on 
a  20-foot  box  car,  each  wire  will  be  about 
30  feet  long,  so  that  when  the  motors  are  in 
series  the  current  must  pass  through  about 
500  feet  of  wire,  including  the  motor  taps 
and  the  trunk  wire.  Eacli  motor  can  be 
considered  to  have  its  own  section  of  the 
wiring;  when  the  motors  are  in  series,  the 
two  sections  of  wiring  are  in  series  and  when 
the  motors  are  in  multiple  so  are  their 
respective  sections,  and  each  section  250 
feet  long  takes  but  half  of  the  total  cur- 
rent that  runs  the  car.  A  30-horsepower 
motor  at  full  load  calls   for  a  current  of 

30X746        .-  .       *,  ^         u 

— ™ —  =  45  amperes,  m  rotind  numbers, 

if  the  line  voltage  is  assumed  to  be  500  volts. 
The  two  motors  at  full  load,  then,  would 
cause  a  current  demand  of  90  amperes. 
Assuming  the  car  wires  to  be  No.  6  B.  &  8. 
gauge,  the  size  formerly  used  for  30-horse- 
power motors,  the  resistance  of  the  car  wires 
with  the  motors  in  series  will  be  .2  ohm,  as 
1,000  feet  of  No.  6  B.  <&  S.  copper  wire  meas- 
ures .4  ohm,  and  the  resistance  in  multiple  is 
.2  -r-  4  =  .05  of  an  ohm.  This,  with  a  cur- 
rent of  90  amperes,  would  cause  a  drop  of 
90  X  .05  =  4.5  volts.  This  added  to  the 
drop  that  takes  place  through  the  connectors, 
the  internal  controller  wires,  and  the  finger 
contacts,  will   bring  the  total   loss  up  to 
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7  volts,  which  is  Dot  excessive.  A  No.  6 
B.  &  S.  wire  ander  the  conditions  will  carry 
a  current  of  45  amperes  (•^^)  with  an  increase 
in  the  temperature  of  about  10.5°  C,  while  a 
.  7?vfk/i^heet  No*  7B.  &  S.wire  would  cause 
^  a  rise  in  temperature  of  about 

20°  C,  almost  twice  as  much. 
The  No.  6  B.  &  S.  wire  is 
the  smallest  size  that  it 
would  be  good  policy  to  use 
on  a  30  horsepower  equip- 
ment, as  the  field  leads  on 
the  30-horsepower  motors  are 
generally  of  that  size,  and 
it  would  not  be  well  to  have 
an  enclosed  wire  smaller  than 
an  open  one,  and  thereby,  in 
case  of  a  short  circuit,  have 
the  dosed  one,  which  is  not 
easy  of  access,  give  way  first 
Now  suppose  60-horsepow6r 
motors  to  take  the  place  of 
30-hor8epower  motors,  the 
wiring  remaining  the  same. 
A  60-hor8epower  motor,  at  a  voltage  of  500, 

60X746 
calls  for  a  current  of — ^^  =90  amperes, 

in  round  numbers,  or  180  amperes  per  car; 
180  amperes  flowing  through  a  resistance 
of  .05  ohm  will  give  a  drop  of  180  X  .05 
=  9  volts,  which,  added  to  the  drop  of  5 
volts  due  to  contacts  and  connections 
and  twice  as  great  as  before,  brings  the 
total  drop  up  to  14  volts,  which  is  about 
\  of  the  total  drop  allowed  in  the  overhead 
feed-wires  and  rail  return.  Also,  a  current  of 
90  amperes  flowing  through  a  No.  6  B.  &  S. 
wire  under  the  conditions  given  would  cause 
a  temperature  rise  of  about  50°  C,  which  is 
as  much  of  a  rise  as  is  often  allowed  in  the 
motors  themselves,  and  is  prohibitive;  also 
this  increase  in  temperature  raises  the  re- 
sistance of  the  wires  and  further  increases 
the  voltage  drop  through  them. 

The  above  talk  has  been  based  on  the 
assumption  that  there  is  a  straight  double 
circuit  through  the  two  motors  from  the 
trolley  wire  to  the  ground,  as  indicated  in 
Fig.  1,  where,  as  a  matter  of  fact,  in  part  of 
the  circuit,  represented  by  the  trunk  trolley ' 
and  ground  wires  shown  9X  AB  and  Ci), 
respectively,  in  Fig.  2,  a  single  wire  is 
compelled  to  carry  the  total  current.  This 
small  error  of  assumption  afiects  the  actual 
results  of  calculation  very  little,  and  does 
not  affect  the  principle  under  discussion  at 
all.  It  does,  however,  have  this  much  prac- 
tical bearing  on  the  wiring  of  a  car:  since 
the  individual  motor  wires  are  called  upon 


to  carry  but  \  Q>t  the  total  current  of  the  car, 
while  the  trunk  wire  must  at  all  times  carry 
all  of  the  current  of  both  motors,  the  trunk 
wire  should  always  have  a  cross- section  twice 
that  of  the  motor  wire.  On  a  OO-horsepower 
car  equipment  (two  30-horsepower  motors) 
where  a  No.  6  B.  <&  S.  wire  is  used  for  the 
motors,  the  trolley  and  ground  wires  should 
be  No.  3  B.  <&  S.  stranded  cable.  On  a 
120-horsepower  car  (two  60-hor8epower 
motors)  using  No.  4  B.  <&  S.  motor  wires,  the 
trunk  wiring  should  all  be  No.  0  B.  &  S. 
stranded  cable.  There  is  no  cast-iron  law 
against  using  a  larger  size  of  wire  than  the 
size  given,  and  there  might  indeed  be  ex- 
treme conditions  where  a  larger  size  of  wire 
would  be  desirable;  but  for  average  condi- 
tions, and  these  are  by  no  means  assumed 
to  be  light,  there  is  a  large  factor  of  safety 
provided  for  in  recommending  No.  3  B.  &  8. 
and  No.  6  B.  <&  S.  wire  for  a  60-horsepower 
car;  and  No.  0  B.  &  S.  and  No.  3  B.  <&  S. 
for  a  120-horsepower  car,  so  that  if  there 
happens  to  be  on  hand  a  lot  of  wire  approx- 
imating these  sizes  it  would  be  safe  to  nse  it 
as  a  saving  in  copper,  but  its  adoption  as  a 
standard  would  not  be  recommended.  It  is 
the  prevailing  practice  among  street-railway 
men,  following  the  example  set  by  the  man- 
ufacturers, to  make  the  resistance  wires  in  a 
car^ wiring  hose  of  a  smaller  size|than  that 
used  on  the  motors,  thereby  introdnciiig  a 
third  size  of  wire  to  be  kept  in  stock.  This 
practice  is  not  born  of  the  idea  that  the 
current  flow  is  lees  on  the  first 
notches  than  it  is  on  the  more 
advanced  ones,  for  it  is  a  well 
l^nown  fact  that  one  of  the 
properties  of  a  series  motor 
(a  street-railway  motor  is  a 
series  motor)  is  that  for  a 
given  mechanical  load  to  be 
pulled  under  conditions  that 
do  not  change,  the  current 
remains  almost  the  same 
whatever  may  be  the  voltage 
applied  to  the  motor.  When 
the  motors  are  thrown  over 
from  series  to  parallel,  the 
current  taken  by  the  car,  of 
course,  increases,  because 
there  are  two  paths  instead 
of  one,  but  since  the  wires  too 
are  in  multiple,  each  section  ^®'  ^ 
takes  only  half  the  total  current.  The  result 
is  that  on  modem  equipments  where  the 
resistance  of  the  starting  coil  is  low  and  the 
starting  current  large,  the  resistance  wires 
are  subjected  to  as  heavy  a  current  as  any 
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of  the  motor  wires.  It  is  tnie  that  as  long 
as  Bome  of  the  starting  coil  la  in  the  curcoit, 
the  resistance  of  the  small  wires  is  no  offense 
to  economy,  because  the  resistance  is  just 
where  it  is  wanted;  also,  since  the  resistance 
notches  are  merely  transition  notches,  and 
are  not  to  be  run  on,  a  smaller  wire  in  the 
resietance  circuit  will  not,  if  the  car  is  well 
handled,  give  any  trouble  from  excessive 
heating,  because  they  are  not  left  in  long 
enough.  Again,  making  the  resistance  wires 
smaller,  enables  them  to  be  more  easily 
distinguished  from  the  rest  of  the  wires,  and 
thus  fiuulitates  connecting  at  the  controllers; 
but  this  feature  is  obtained  in  a  better  way, 
as  will  be  seen  later. 

There  is  one  condition  that  all  level-headed 
railroad  men  are  striving  to  establish  on 
their  roads,  and  this  is  a  condition  for  the 
realization  of  which  a  great  many  sacrifices 
can  be  profitably  made:  a  condition  of  stand- 
ardization; that  is,  where  there  is  any  pos- 
sible chance  of  making  two  parts  or  mem- 
bers aWce^  without  actually  throwing  a  bomb- 
shell in  the  camp  of  safety  or  economy,  do 
not  make  them  different.  It  is  along  these 
lines  and  with  the  idea  that  every  little  bit 
helps, that  the  writer  would  recommend  sacri- 
ficing the  electrical  refinements  hidden  in  the 
practice  of  using  three  sizes  of  wire  in  a  hose 
and  come  down  to  the  simpler,  and  in  the 
long  run  cheaper,  practice  of  making  all  of 
the  wires  the  same  size,  which  can  be  done 
by  running  the  ground  and  trolley  wires 
two-in-hand.  Think  of  a  hose  with  only 
one  size  of  wire  in  it;  only  one  size  to  keep 
in  stock,  not  three  sizes.  This  means,  in 
the  first  place,  that  not  so  much  wire  need 
be  kept  in  stock;  in  the  second  place  that 
there  is  not  nearly  the  same  chance  of  run- 
ning oat  of  wire  when  it  is  most  needed; 
and  in  the  third  place,  that  storeroom  space, 
labor,  bookkeeping,  and  perhaps  messenger 
and  telegraph  service,  not  to  mention  worry, 
are  made  less.  What  is  true  in  regard  to 
the  wire  is  true  of  everything  that  can  be 
standardized,  and  it  is  as  much  at  the 
everything  that  this  harangue  is  directed  as 
at  the  wire. 

In  olden  times,  it  was  the  custom  to  run 
the  car  wires  in  two  lines  of  canvas  hose 
when  a  controller  was  used.  In  many 
places  this  custom  is  adhered  to  yet;  each 
motor  has  its  own  cable  or  hose,  the  trolley 
and  resistance  wires  going  into  the  hose  of 
the  motor  that  is  nearest  to  the  line  trolley 
wire  in  the  natural  path  of  the  current  from 
the  wire  to  the  rail.  The  object  of  this 
separation  of  the  motor  wire  was  to  isolate 


from  each  other  the  wires  that  were  at  the 
greatest  difference  of  potential,  presumably, 
or  to  permit  the  use  of  a  smaller  size  canvas 
hose.  Whatever  may  have  been  the  reason 
for  doing  it,  it  was  along  the  right  lines,  but 
for  neither  of  the  reasons  given  above. 
Running  the  two  sets  of  motor  wires  in  the 
same  hose  does  not  subject  them  to  any 
greater  difference  of  potential,  if  the  ground 
wire  is  run  outside,  than  they  are  exposed  to 
when  run  in  two  lines  of  hose,  because  as 
soon  as  the  motors  are  in  full  multiple,  one 
side  of  each  motor  has  a  wire  direct  to  the 
trolley  wire  and  the  other  side  a  wire  direct 
to  the  ground.  Only  while  the  motors  are 
in  series  does  the  placing  of  the  two  sections 
in  a  separate  hose  lessen  the  difference  of 
potential  to  which  neighboring  wires  are 
exposed.  In  the  old  system  of  rheostat 
wiring,  the  wires  were  not  put  in  a  hose  at 
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all,  but  were  just  deated  to  the  under  side  of 
;the  car  body  direct,  or  to  a  wide  board 
fastened  to  it;  the  wires  not  being  concealed 
or  protected  in  any  way,  were  exposed  to 
water,  mud,  and  brine  slung  by  the  wheels, 
and  often  to  the  grease  and  oil  thrown  by 
the  open  gearing.  Had  this  system  of  wir- 
ing been  carried  out  with  any  pretension  of 
a  realization  of  the  necessity  of  care,  neat- 
ness, and  immunity  from  the  inroads  of 
grease  and  moisture,  it  had  its  advantages. 
But  carelessness  and  ignorance,  together 
with  the  fact  that  rubber-covered  wires  used 
at  that  time  were  not  of  the  superior 
grade  that  is  used  now,  soon  opened  up 
a  line  of  experience  that  condemned  the 
practice,  so  that  when  the  notch  controller 
and  the  sectional  starting  coil  came  into  use, 
thereby  increasing  the  number  of  car  wires 
required,  the  hose  protection  was  adopted. 
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This  groapiiig  of  all  of  the  wires  along  a 
common  path  was  rendered  more  practicable 
by  the  Uct  that  the  continuity  of  the  path 
was  not  broken  by  the  interposition  of  an 
independent  syst^  of  reversing  switches, 
all  wires  going  directly  from  controller  to 
controller,  and  commonication  with  the 
several  scattered  devices  nnder  the  car  being 
made  by  means  of  taps,  as  at  present.  The 
ground  wire  was  either  placed  in  the  hose  of 
one  of  the  motors  (the  one 
that  did  not  include  the  trol- 
ley wire)  or  it  was  run  out- 
side of  the  hose  altogether, 
being  deated  directly  to  the 
car  floor  or  to  a  wooden  strip 
]>rovided  for  the  purpose. 
The  ground  wire  being  al- 
ready to  ground  and  there 
being  no  tendency  for  it  to 
ground  further  and  there- 
fore no  special  reason  why 
extra  care  should  be  taken  to 
insulate  it,  there  can  be  no 
objection  to  the  practice  of 
running  it  outside  of  the 
hose.  As  a  matter  of  fact, 
since  it  is  a  part  of  the  cir- 
cuit that  seems  to  be  espe- 
cially susceptible  to  loose 
connection  and  open-drcnit 
troubles,  it  is  advisable  to 
have  it  outside,  where  it  can 
be  readily  inspected  by  the 
eye  and  hand,  has  its  advan- 
tages. 

With  the  old  rheostatic 
control,  a  diagram  of  which 
is  shown  in  Fig.  3,  very  few 
wires  were  used,  and  the 
paths  of  these  were  scatter- 
ed; with  the  advent  of  the 
ordinary  multiple  controller 
(with  its  several  resistance 
notches)  a  diagram  of  one  of 
which  is  shown  in  Fig.  4, 
more  wires  were  called  for; 
while  the  coming  in  of  the 
series-parallel  controller 
seemed  to  promise  a  multi- 
plicity of  wires  and  an  intricacy  of  circuits  to 
be  abhorred.  But  this  fear  has  not  been  real- 
ized; indeed,  with  the  radical  improvement 
in  the  quality  of  the  insulation  to  be  found 
on  such  rubber-covered  wires  as  are  used  in 
car  wiring,  the  quantity  of  insulation  re- 
quired is  not  so  great,  with  the  result  that 
the  diameter  of  the  wire  is  less  and  more  of 


The  final  effect  of  the  great  increase  in  insu- 
lating quality  and  decrease  in  over-all  diame- 
ter of  the  wires,  has  been  to  create  a  desire 
to  put  all  of  the  wires  into  a  single  hoee. 
This  can  be  done  on  any  up-to-date  surface 
car  controller  without  using  a  hose  the  size 
of  a  sewer,  either.  The  fourteen  wires 
required  on  the  K-11  controUer,  to  be  con- 
sidered later,  can  be  drawn  into  a  3-inch 
canvas  hose.  The  grouping  of  ail  the  car 
wires  into  a  single  hoee 
makes  a  neat  job  and  it  can 
be  made  a  safe  one,  aaha  bb 
the  dangers  inddent  to  nor- 
mal conditions  are  concern- 
ed; but  there  are  conditions 
ikM  are  not  normal:  light- 
ning, loose  splices,  and 
abrasion  from  the  wheels  of 
double-truck  cars  are  among 
them.  If  ail  of  the  wires 
are  in  on€»  hose,  a  mishsp  to 
one  wire,  as  a  rule,  disables 
all  of  them,  and  any  one  who 
has  worked  in  a  car  bam 
knows  that  such  mishaps 
are  not  such  rarities  that  the 
board  of  directors  meets 
whenever  one  occurs.  The 
writer  has  in  mind  one  in- 
stance  where,  during  a  thun- 
der shower,  7  out  of  the  43 
cars  operated  from  a  certain 
depot  came  in  for  short-cir- 
cuited or  open-circuited 
cables.  To  run  the  wires  in 
separate  hose  and  so  group 
them  that  with  the  motors 
in  multiple  all  wires  of  about 
the  same  potential  would  be 
in  the  same  hose,  would  so 
mix  and  criss-cross  them, 
where  they  come  out  at  the 
ends  to  go  to  the  controller, 
that  the  connections  would 
become  an  unsightly  and 
intolerable  mess.-  Nor  is 
there  anything  to  be  gained 
by  doing  this;  aU  that  is 
called  for  is  to  so  group 
the  wires  as  to  minimize  the  chances  of  a 
single  fault  rendering  the  car  helpless.  This 
condition,  the  writer's  experience  teaches 
him,  can  be  fulfilled  as  follows:  Put  the 
trolley  wire  and  all  of  the  resistance  wires  in 
one  hoee,  the  No.  1  motor  wires  in  another 
hose,  and  the  No.  2  motor  wires  together 
with  the  ground  wire  in  a  third  hose.     The 


them  can  be  got  into  a  hose  of  a  given  size.      No.  1  motor  is,  as  a  rule,  accepted  to  be  the 
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motor  that  the  current  reaches  flret  in  its 
passage  from  the  trollej  wire  to  the  ground, 
when  the  two  motors  are  in  series.  The 
No.  2  motor  is  the  one  next  to  the  groond, 
and  it  generally  has  one  of  its  annatnre  or 
field  leads  permanently  connected,  either  to 
the   ground   wire  or  to  the  motor  frame 


direct.  If,  however,  it  is  preferred  to  divide 
the  car  wires  into  two  groups  only,  the  trolley 
wire,  the  resistance  wires,  and  the  No.  1 
motor,  wires  go  into  one  hose,  while  the 
No.  2  motor  wires  and  the  ground  wire  go 
into  the  other.  Either  of  theee  groupings  is 
less  liable  to  give  trouble  than  a  single  hose. 


{Tbhe  Oyniinued.) 


AN  ECONOMICAL  STEAM  PLANT 


W.  H.  Wakemftn 


THE  following  description  of  a  steam 
plant  that  is  designed  to  develop 
30  horsepower  is  given  because  it  con- 
tains several  points  of  interest  to  those 
that  are  about  to  install  similar  plants, 
since  not  only  its  first  cost  was  moderate, 
but  it  can  also  be  operated  at  small  expense. 
Many  plants  now  in  use  might  be  re- 
modeled so  as  to  embody  these  ideas, 
with  both  pleasure  and  profit  to  those 
that  run  them. 

Reference  to  the  illustration  will  make 
the  arrangement  of  the  several  parts  plain, 
and  my  reasons  for  this  design  of 
plant  will  be  given.  A  represents 
a  vertical  boiler,  B  a  horizontal 
engine,  C  a  pump  and  receiver,  D 
a  separator,  E  a  feedwater  heater, 
^  a  cross-valve,  (?a  noiseless  back- 
pressure valve,  and  H  a  cold-water 
pipe  and  valve. 

Steam  generated  in  the  boiler 
passes  over  to  the  engine,  which  is 
10  in..X  10  in.,  and  runs  at  200 
revolutions  per  minute.  This  en- 
gine is  fitted  with  an  improved 
sight-feed  lubricator,  in  which  only 
the  best  of  mineral  oil  is  used;  1 
pint  of  oil  lasts  40  hours.  This  is 
much  better  than  to  use  a  larger 
quantity  of  cheaper  oil,  eince  the 
exhaust  steam  is  easily  and  thor- 
oughly cleansed  by  the  separator  D  into 
which  it  passes.  This  also  takes  all  the 
water  out  of  the  exhaust  steam,  and  the 
drip  pipe  shown  conducts  it  to  the  sewer. 
Steam  is  taken  out  of  the  tee  above  the  sep- 
araior  for  use  in  a  dryer  containing  a  laige 
bank  of  pipes.  A  fan  forces  air  rapidly 
through  this  dryer  in  order  to  make  it  as 
effective  as  possible,  since  it  is  almost  con- 
stantly used  to  its  full  capacity  in  order  to 
dry  the  output  of  the  factory. 

The  manufacturers  of  this  drying  appa- 


ratus daim  that  it  requires  live  steam  at 
60  pounds  pressure,  but  in  this  case  the 
exhaust  steam  answers  very  well  on  account 
of  being  perfectly  dry,  the  separator  having 
taken  out  ail  of  the  moisture. 

Steam  from  the  same  outlet  is  also  used  in 
another  apparatus,  in  which  an  effort  had 
previously  been  made  to  use  exhaust  steam 
just  as  it  came  from  an  engine,  but  it  would 
not  answer  the  purpose,  owing  to  the 
moisture  it  contained.  Yet,  under  the 
present  plan,  it  is  perfectly  satisfactory. 
This  gives  conclusive  proof  of  the  value  of 


a  separator  in  this  service,  as  without  it  live 
steam  must  be  used.  The  water  resulting 
from  the  condensation  of  steam  in  all  of  the 
above-mentioned  apparatus  flows  back  to 
the  receiver  C,  which,  for  this  purpose,  is 
located  in  a  pit  3  feet  deep;  the  pump  auto- 
matically puts  it  back  into  the  boiler.  It 
passes  through  the  feedwater  heater  E^  for 
while  the  feedwater  is  warm  enough  to  go 
directly  into  the  boiler,  all  the  exhaust 
steam  is  not  used  in  warm  weather.  Now, 
as  some  water  and  steam  escape  through  the 
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drip  from  the  separator,  there  is  always  a 
loss,  which  most  be  made  good  from  the 
street  main.  The  valve  and  pipe  at  ^  is 
provided  for  this  purpose,  and  as  it  is  located 
in  a  convenient  place,  the  engineer  admits 
as  much  as  is  required.  Since  the  pump 
is  entirely  automatic,  its  throttle  valve 
is  opened  wide  in  the  morning  and  not 
touched  again  as  long  as  the  engine  is  run- 
ning. This  plan  saves  the  hbt  water  of  con- 
densation, which  is  pure,  and  therefore 
will  not  make  scale  in  the  boiler.  At  the 
same  time,  as  water  must  be  bought  by  meter 
measurement,  it  reduces  the  water  bill  to  a 
minimum.  The  cold  water  reduces  the  tem- 
perature of  the  hot  water  of  condensation, 
but  the  heater  raises  it  again  nearly  to  the 
boiling  point.  This  heater  is  much  smaller 
and  less  expensive  than  would  be  required  if 
only  cold  water  were  used. 

Heating  the  water  condenses  some  of  the 
steam,  and  the  resulting  water  flows  through 
a  drip  pipe  into  the  receiver,  so  that  it  is 
not  lost.  I  wish  to  call  attention  to  the 
cross-valve  shown  at  jP,  as  it  makes  a  much 
neater  job  than  the  ordinary  cast-iron  tee, 
with  a  globe  valve  in  the  pipe  leading  to  the 
heating  system.  In  this  case,  the  outlet  from 
the  cross-valve  discharges  into  a  header,  out 
of  which  steam  is  taken  to  heat  the  factory 
in  cold  weather.  If  there  is  not  enough 
exhaust  steam  for  this  purpose,  live  steam  is 
admitted  to  the  header  through  a  reducing 


valve  that  keeps  the  pressure  nearly  con- 
stant under  all  reasonable  changes  in  the 
amount  required  to  heat  the  rooms.  It  makes 
but  little  difference  whether  or  not  the  boiler 
pressure  varies,  so  long  as  the  engineer  is 
not  required  to  give  the  matter  his  attention. 
Some  of  the  radiators  are  nearly  as  low  as 
the  floor  line  of  the  engine  room,  hence  the 
farther  necessity  of  putting  the  pump  and 
receiver  in  a  pit,  as  shown. 

As  this  pit  is  below  the  eewer  pipe,  a 
small  ejector  is  provided  to  remove  water 
that  collects  from  drips  in  the  steani  cylin- 
ders of  the  duplex  pump,  etc. 

When  steam  at  2  or  3  pounds  is  required,  as 
in  this  case,  and  only  a  portion  of  the  exhaost 
steam  is  used,  the  ordinary  back-preesure 
valve  becomes  an  intolerable  nuisance, 
but  the  one  shown  at  G  in  the  illustra- 
tion is  of  the  noiseless  type,  hence  there  is 
no  trouble  from  this  source,  which  will  be 
appreciated  by  those  that  have  used  the 
noisy  kind. 

As  the  boiler  is  of  the  upright  type,  and 
the  engine  so  short  that  it  occupies  but  little 
more  space  than  a  vertical  engine,  and  since 
the  separator  is  located  high  enough  to  be 
out  of  the  way,  the  ground  space  occupied 
by  the  plant  is  small.  The  economy  and 
convenience  of  the  plant  while  in  operation 
is  in  pleasing  contrast  with  the  wastefulness 
and  awkwaid  design  of  many  small  plants 
found  in  every  city. 


RAILWAY  EMPLOYES 


THE  number  of  persons  employed  by 
the  railways  of  the  United  States  on 
June  30, 1899,  as  given  by  the  report  of 
the  Interstate  Commerce  Commission,  was 
928,924,  or  an  average  of  495  employes  per 
100  miles  of  line.  As  compared  with  the 
number  employed  on  June  30,  1898,  there 
was  an  increase  of  54,366,  or  21  per  100  miles 
of  line.  From  the  classification  of  these 
employee  it  appears  that  there  were  39,970 
enginemen,41,152  firemen,  28,232  conductors, 
and  69,497  other  trainmen.  There  were 
48,686  switchmen,  flagmen,  and  watchmen. 
Upon  the  basis  of  special  returns  made  to 
the  secretary  of  the  commission,  it  appears 
that  the  number  of  switchmen,  flagmen,  and 
watchmen  included  in  this  aggregate  could 
fairly  be  assigned  in  the  proportion  of  6,  3, 
and  2,  respectively. 
Disregarding  9,334  employes  not  assigned 


to  the  four  general  divisions  of  employment, 
it  is  found  that  the  services  of  34,170  em- 
ployes were  required  for  general  administra- 
tion, 287,163  for  maintenance  of  way  and 
structures,  180,749  for  maintenance  of 
equipment,  and  417,508  for  conducting 
transportation. 

The  report  contains  a  statement  of  the 
average  daily  compensation  of  eighteen 
daeses  of  employes  for  eight  years,  beginning 
with  1892.  A  summary  in  the  report  also 
gives  the  total  compensation  of  more  than  99 
percent,  of  railway  employes  for  the  fiscal 
years  1895  to  1899.  During  the  year  ending 
June  30,  1899,  $522,967,896  was  paid  in 
wages  and  salaries,  an  amount  $77,459,635  in 
excess  of  that  paid  during  1895.  The  compen- 
sation of  the  employes  of  railways  for  1899 
represents  60  per  cent,  of  the  operating  ex- 
penses, and  40  per  cent,  of  the  gross  earnings. 
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Insuppicisncy  of  Liohthousb  Protection — ^The  Principal  Danger  Spots  of  the  World. 
Strange  Accidents — Modern  Methods  of,  Raising  Sunken  Ships 


A  STUDY  of  ocean  wrecks  enables  the 
engineer,  the  marine  architect,  and  the 
practical  nayigator  to  draw  conduflionB 
that  may,  sooner  or  later,  be  of  inestimable 
value  in  emergencies,  and  in  the  whole 
history  of  the  evolution  of  the  steamship 
there  has  been  nothing  more  helpfal  than 
the  practical  lessons  drawn  from  disastrous 
experiences  on  the  sea.  A  great  accident  on 
Und  or  an  appalling  wreck  at  sea  has,  time 
and  again,  stirred  a  nation  to  undertake 
reforms  that  have  added  greatly  to  the 
safety  of  the  traveling  public  It  is  not 
always  due  to  lax  oversight  on  the  part  of 
transportation  companies  or  governments 
that  such  disasters  occur,  but  human  in- 
genuity and  foresight  have  failed  in  advance 
to  detect  the  weakness  or  defect  in  the 
machinery  or  system  that  was  alone  respon- 
sible for  the  accident.  There  will  always  be 
an  element  of  uncertainty  in  traveling,  and 
the  engineer  and  inventor  does  not  guarantee 
to  eliminate  this,  but  merely  promises  to 
minimise  it  as  much  as  possible.  More  than 
this  no  human  creature  can  do,  and  after  all 
the  promises  and  guarantees,  accidents  will 
happen. 

The  difficulty  of  guarding  against  disasters 
is  far  greater  on  sea  than  on  land.  Railroad 
travel  can  be  made  far  more  efficient  and 
safe  with  the  same  expenditure  of  energy 
and  money  than  sailing  on  the  high  sea& 
Here  the  great  pathways  of  the  steamers 
change  and  shift  with  each  recurring  storm; 
fogs  and  hurricanes  drift  across  them  and 
confuse  navigator  and  captain;  icebergs  float 
down  from  the  northern  seas  to  menace  the 
ships  of  tx>mmerce  that  come  in  their  direc- 
tion; derelicts  wander  about  to  trip  the 
handsome  greyhound  and  mortally  wound 
her;  and  rocks  and  shoals,  reefs  and  sand- 
bars erect  their  ugly  heads  above  the  angry 
waters,  to  destroy  life  and  property.  The 
great  waterways  of  the  world  are  thus  strewn 
with  menacing  dangers  that  no  amount  of 
science  and  skill  can  entirely  obviate.  The 
"  ships  that  pass  in  the  night"  are  more  truly 
typical  of  the  uncertainty  of  existence  on 
the  ocean  than  many  that  quote  the  com- 
mon phrase  ever  imagine. 
Considering   the  nature  of  the  storms, 


rocks,  reefs,  fogs,  and  other  dangers,  the 
wonder  is  that  more  accidents  at  sea  do  not 
happen.  It  is  only  comparatively  once  in  a 
great  while  that  an  ocean  greyhound  is 
wrecked.  The  unfortunate  disaster  to  the 
Paris,  at  the  Manacles,  a  few  years  ago 
emphasizes  the  fact  that  conditions  that  will 
be  a  menace  to  ships  can  prevail  at  times 
along  the  beet  regulated  coast,  and  only 
throDgh  the  cooperation  of  skilled  seamen 
on  land  and  ship  can  disaster  be  averted. 
The  construction  of  lighthouses,  buoys, 
beacons,  and  other  warning  signals  have 
undoubtedly  saved  thousands  of  ships  from 
destruction;  but  there  is  every  reason  to 
suppose  that  the  signals  of  very  few  coasts 
are  perfect  Great  Britain  and  the  United 
States  lead  all  other  nations  in  the  effort  to 
make  navigation  as  safe  as  possible  by 
signals  and  warnings,  and  the  two  govern- 
ments combined  have  spent  millions  of 
dollars  in  the  effort  to  make  commerce  along 
their  coasts  safe.  The  American  coasts, 
including  those  of  the  Great  Lakes,  are 
guarded  by  some  1,500  lighthouses,  and  Great 
Britain  has  distributed  about  1,000  along  her 
rocky  shores.  Altogether,  the  governments 
of  the  world  have  erected  about  10,000  light- 
houses, and  fully  three- fourths  of  these  have 
been  constructed  in  the  past  twenty-five 
years.  But  even  these  are  inadequate  to  the 
needs  of  commerce.  There  is  in  the  posses- 
sion of  the  Admiralty  of  every  nation  at  this 
time  an  elaborate  chart  showing  the  needs 
and  defects  of  nearly  every  stretch  of  coast 
in  the  world,  where  either  new  lighthouses 
or  buoys  are  demanded  or  the  old  ones 
should  be  replaced  by  more  powerful  and 
modem-equipped  signals.  It  is  not  only 
probable,  but  an  almost  assured  fact,  that 
the  next  quarter  of  a  century  will  witness 
more  wonderful  changes  in  lighthouse  build- 
ing than  the  quarter  just  closed.  Not  only 
in  the  number  of  lighthouses  constructed 
will  this  activity  be  noticeable,  but  in  the 
improvement  of  lights  and  methods  of  signal- 
ing. Prior  to  1890  gas  or  oil  was  used  almost 
exclusively  in  the  lighthouses  for  illumina- 
ting purposes,  but  today  electricity  has  taken 
the  place  of  these,  and  the  power  and  inten- 
sity of  the  lights  has  been  almost  doubled; 
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electric  buoja  have  taken  the  place  of  gas  or 
oil  buojg,  and  almost  hnmanly-sensitive 
whistling  and  ringing  buoys  nowsoond  warn- 
ings to  mariners  approaching  danger  at  the 
mouths  of  harbors;  the  foghorns  and  signals 
hav^  been  elaborated  so  that  thej  now  per- 
form work  that  it  was  formerly  impossible 
to  accomplish.  In  the  whole  realm  of  light- 
house improvements  science  has  steadily 
advanced  and  created  changes  that  help  to 
minimize  the  dangers  of  ocean  navigation. 

Nature  seems  to  have  arranged  at  diflEerent 
points  along  the  coasts  of  the  world  all  the 
elements  necessary  to  make  navigation  diffi- 
cult and  dangerous,  and  at  these  particular 
spots  wrecks  are  more  frequent  than  else- 
where. Tides,  winds,  rocks,  and  reefs  com- 
bine with  fogs  and  storms  to  neutralize 
all  the  efforts  of  man  to  warn  mariners  of 
their  danger.  Important  gpraveyards  of  the 
world's  shipping  are  located  at  the  Man- 
acles, Cape  Hatteras,  Cape  Cod,  the  New- 
foundland Banks,  and  Land's  End,  England. 
At  all  of  these  points  wrecks  have  been 
numerous  and  disastrous  because  they  are  in 
the  track  of  ocean-going  steamers.  A  terri- 
ble array  of  disasters  could  be  brought 
against  these  danger  points.  The  work  of 
devising  methods  of  warning  ships  away 
from  them  has  not  yet  been  sufficient  to 
lessen  the  evil  materially.  The  history  of 
the  Manacles  is  wrapped  up  in  the  history 
of  over  fifty  wrecks  in  the  past  quarter  of  a 
century,  culminating  in  the  tragedy  of  the 
Mohegan  and  the  fiate  of  the  Paris.  The 
loss  of  life  at  this  place  is  almost  as  great  as 
that  of  property.  Most  of  the  ships  were 
small  sailing  craft  that  were  driven  out  of 
their  course  by  the  powerful  tides  and  strong 
winds,  but  there  has  been  a  sufficient 
sprinkling  of  steamers  to  show  that  the  very 
best  craft  afloat  is  not  proof  against  the 
combined  powers  of  the  elements.  In  the 
Mohegan  disaster  alone  over  100  people  lost 
their  lives.  The  heavy  sea  that  runs  at 
this  point  most  of  the  time  makes  rescue 
from  wrecks  a  doubtful  matter,  and  more 
lives  have  been  lost  than  saved  by  the  life- 
saving  station  men  who  labor  there  in  the 
interests  of  humanity. 

The  Newfoundland  Banks  have  been  the 
graveyard  of  so  many  important  wrecks 
that,  everything  considered,  it  deserves  to 
be  placed  first  on  the  list  of  danger  points. 
It  is  really  the  most,  dangerous  spot  on  the 
high  seas.  Here  the  wrecks  are  counted  by 
the  hundreds,  confined  to  no  nationality 
and  to  no  special  variety  of  craft.  The 
intense  fogs  on  the  Banks  have  been  the 


chief  cause  of  the  accidents.  Collisions  in 
the  fog  have  been  the  nightmare  of  paaoen- 
gers  and  captains  for  the  past  century.  The 
danger  from  running  into  icebergs  in  the 
fogs  is  almost  as  great  as  that  of  colliding 
with  other  ships  and  derelicts.  Owing  to 
the  numerous  wrecks  of  the  fishing  fleets, 
the  death  rate  on  the  Banks  is  much  higher 
than  anywhere  else  on  the  sea.  Thousands 
of  fishermen  and  hundreds  of  boats  resort 
to  that  place  in  the  spring  of  the  year,  and 
on  an  average  from  75  to  100  men  are 
drowned  from  these  fleets  every  year.  Many 
of  the  boats  are  caught  in  the  storms  and 
swamped,  and  others  are  run  into  by  the 
ocean  steamers  that  come  shooting  out  of 
the  fog  and  crash  through  a  fleet  of  small 
schooners  before  the  sailors  have  time  to 
put  on  lifebelts.  Many  of  these  accidents 
are  not  reported  by  the  captains  of  the 
steamers,  and  the  records  are  kept  only  in 
the  small  fishing  hamlets  where  missing 
members  are  mourned.  Time  and  again 
efforts  have  been  made  to  induce  steamships 
to  cease  cutting  across  the  Banks  of  New- 
foundland, especially  during  the  fishing 
season,  when  the  waters  are  full  of  small 
boats.  These  accidents  attract  general 
attention  only  when  it  is  the  steamer  and 
not  the  fishing  schooners  that  suffers  in  the 
collision.  If  the  steamer  is  struck  at  a 
right  angle  by  the  fishing  schooner  she  is 
very  apt  to  be  disabled,,  and  this  has  hap- 
pened just  enough  times  to  make  nayigators 
more  cautious  than  formerly  in  their  ran 
across  the  Banks.  The  risk  alike  to  ocean 
vessels  and  fishing  craft  is  sufficiently  great 
to  demand  attention.  Nine  out  of  every 
ten  collisions  occur  on  the  southern  edge 
of  the  Grand  Bank,  where  many  of  the 
steamers  pass. 

The  other  two  great  graveyards  of  the 
ships  of  commerce  are  at  Cape  Cod  and 
Cape  Hatteras.  Every  time  a  southern 
hurricane  sweeps  up  the  Atlantic  Coast  it 
casts  scores  of  vessels  adrift  and  washes 
many  of  them  upon  the  reefs  and  sandbanks 
of  Cape  Hatteras.  Hundreds  of  large  and 
small  steamers  have  been  wrecked  on  this 
treacherous  coast,  and  the  combined  efforts 
of  lightships  and  lighthouses  £ul  to  warn 
mariners  in  time  of  the  danger  that  threatens 
them  at  this  point  The  question  of  making 
these  two  dreaded  capes  comparatively  safe 
for  steamers  and  sailing  vessels  is  one  that 
has  long  engaged  the  attention  of  the  Amerir 
can  Government  After  each  heavy  storm 
the  waters  in  the  vicinity  are  strewn  with 
so  many  abandoned  derelicts  that  traveling 
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is  made  exoeediDgly  precarioiu  on  the  eea 
until  a  war  veaael  hM  been  despatched  to 
blow  ap  the  abandoned  wrecks.  It  is  esti- 
mated lOQghly  thatCape  Hatteras  demands 
an  annual  tribate  of  $1,000,000  from  the 
commerce  of  the  world  and  several  dossen 
liyes,  while  Oape  Cod  requires  nearly  half 
as  much  to  satisfy  her  angry  billows.  8ome 
seasons  these  amounts  are  doubled,  and 
again  the  damage  may  be  insignificant. 

These  conspicaoas  danger  spots  on  the 
charts  of  the  ocean  are  reenforced  by  numer^ 
oofl  smaller  ones,  such  as  Cape  Horn,  which 
might  prove  jost  as  formidable  if  they  lay 
more  in  the  direct  path  of  commerce.  The 
mooted  question  today  is  whether  anything 
can  be  done  to  blot  out  the  tales  of  tragedy 
that  come  from  these  danger  spota  every 
season.  They  give  more  concern  to  the 
Lighthouse  Boards  and  Admiralties  of  the 
world's  navies  than  all  of  the  other  problems 
connected  with  the  sea.  It  has  been  pretty 
conclusively  demonstrated  that  science  is 
helpless  when  caught  in  the  grasp  of  the  ele- 
ments at  these  exposed  points,  and  the  only 
way  to  avoid  shipwrecks  there  is  to  warn  ves- 
sels away  in  time.  The  beet  way  to  do  this  is 
still  a  matter  of  uncertainty.  But  in  the  next 
quarter  of  a  century  some  way  will  be  found 
to  lessen,  if  not  to  eliminate,  the  danger. 

While  the  minority  of  the  wrecks  Cfui  be 
attributed  to  the  storms  and  an  untoward 
conjunction  of  the  wild  elements  at  certain 
dangerous  points,  a  laige  number  are  due  to 
strange  causes  that  make  them  peculiarly 
interesting  and  sometimes  puzzling  to  the 
maritime  world.  What  strange  fatality  sent 
the  steamer  Oregon  to  the  bottom  off  Fire 
Island  years  ago?  Sailing  on  a  quiet  sea, 
with  plenty  of  deep  water  between  her  and 
the  land,  and  within  a  few  miles  of  her  final 
destination,  she  suddenly  goes  to  the  bottom 
from  a  wound  in  her  side  that  neither  crew 
nor  passengers  can  explain.  The  schooner 
that  is  supposed  to  have  delivered  the  blow 
was  never  identified,  and  if  she  existed  at 
all  no  one  apparently  knows  whether  she 
is  afloat  or  at  ttie  bottom  of  the  sea  today. 
The  sinking  of  the  St.  Nazarre,  of  the  French 
line,  only  a  few  years  ago,  is  enough  of  a 
mystery  to  cause  one  to  speculate  as  to  the 
unknown  dangers  of  the  sea.  Early  in  the 
evening  she  was  suddenly  found  to  be  sink- 
ing, and  half  a  dozen  plates  and  bolts  in 
her  hull  were  found  to  be  loosened.  But 
what  caused  the  trouble?  A  submerged 
wreck,  probably.  The  steamer  foundered  in  a 
short  time,  and  her  crew  and  passengers  were 
barely  saved  in  time.    Captain  Jagueneau, 


who  refused  to  leave  his  sinking  ship,  was 
the  only  one  who  lost  hia  life  in  the  disaster. 
The  strangeness  of  these  accidents  at  sea 
are  made  less  difficult  to  understand  by 
an  examination  of  those  that  occur  in  ports 
and  harbors,  where  it  would  seem  there  was 
no  reason  whatever  for  an  accident  such  as 
occurred.  A  little  thing  has  often  been  the 
cause  of  great  marine  accidents.  At  times 
it  seems  inexplicable  that  a  fine  ocean-going 
steamer  that  has  traversed  the  high  seas  for 
years,  buffeting  heavy  storms  and  waves  suc- 
cessfully, should  go  to  the  bottom  of  some 
quiet  harbor,  to  rest  ignobly  in  the  mud. 
Even  powerful  war  ships  have  been  wrecked 
in  port,  after  long  years  of  noble  service  in 
severe  battles  and  tempestuous  seas.  The 
blowing  up  of  a  war  ship  in  port,  such  as 
that  of  the  Maine  in  Havana  harbor,  is  ex- 
ceptional, for  while  the  reason  for  the  deed 
may  never  be  revealed,  the  actual  cause  of 
{he  disaster  was  due  to  an  explosion  of 
considerable  magnitude.  With  her  great 
number  of  warships  in  commission,  and 
scattered  all  over  the  world,  it  is  not  strange 
that  England's  navy  has  some  queer  records 
of  accidents  in  port  One  of  the  saddest  in 
history  is  that  of  the  capsizing  of  the  battle- 
ship Royal  George,  on  August  29, 1782,  when 
over  700  people  were  drowned.  The  ship 
was  keeled  over  on  one  side,  off  Spithead,  at 
the  mouth  of  the  Thames,  for  the  purpose  of 
making  some  elight  repairs,  when  a  land 
breeze  suddenly  swept  down  upon  her. 
The  stays  that  were  used  to  hold  the  battle- 
ship from  keeling  over  too  far  suddenly 
parted,  and  the  magnificent  vessel  rolled 
over  on  her  side,  plunging  her  crew  and 
visitors  into  the  choppy  sea.  There  was  a 
short  time  of  wild  commotion,  as  many 
women  and  children  were  on  board  visiting 
the  ship  and  their  friends  among  the  crew, 
and  it  was  impossible  to  reach  the  side  of  the 
battleship  in  time  to  save  many  lives. 
There  are  two  other  remarkable  instances  of 
capsizing  in  or  near  port.  One  was  that  of 
the  English  sailing  frigate  Euridice,  when 
used  as  a  training  ship.  She  had  300  boys 
on  board,  and  was  returning  to  England 
after  a  long  cruise  around  Bermuda,  in 
which  she  had  encountered  heavy  weather. 
When  off  Dunnose  Head,  near  Ventorr,  a 
popular  watering  place  where  hundreds  of 
I>eople  were  watching  the  stately  ship,  a 
snow  squall  suddenly  struck  her  and  she 
capsized  and  sunk  before  help  could  reach 
her,  carrying  down  with  her  nearly  every 
man  on  board.  It  was  a  strange  and  unex- 
plainable  accident,  for  the  squall  was  not 
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half  as  severe  as  some  she  had  encountered 
in  the  West  Indies. 

The  case  of  H.  M.  S.  Captain,  in  the  Bay 
of  Biscay,  on  September  7, 1870,  is  somewhat 
similar.  There  was  one  diflference,  however, 
that  was  probably  largely  responsible  for  the 
accident  The  Captain  was  a  top-heavy  craft, 
as  she  was  one  of  the  first  of  the  so-called 
turret  ships,  and  the  architects  had  not  then 
learned  the  science  of  distributing  the  weight 
properly.  A  squall  suddenly  struck  her,  and 
she  capsized  without  warning.  Of  the  490 
people  on  board  only  eighteen  escaped. 

In  more  recent  times  accidents  arising 
from  as  simple  causes  fill  the  account  books 
of  the  marine  underwriters  with  heavy 
salvage  losses.  Today  when  a  ship  is 
wrecked  the  underwriters  demand  a  rigid 
examination  at  once,  and  usually  photo- 
graphs are  immediately  taken  of  the  disabled 
vessel,  to  serve  as  evidence  in  any  trial.  As 
the  underwriters  are  responsible  for  the  full 
value  of  the  ship  and  cargo,  the  owners 
sometimes  show  less  zeal  in  rescuing  the 
wreck  than  they  would  exhibit  if  they  had 
to  suffer  the  loss  alone.  Consequently  ships 
have  been  abandoned  in  the  past  as  wrecks 
when  in  reality  they  were  not,  and  to  prevent 
any  such  fraud  the  underwriters  have  their 
men  on  the  field  as  soon  as  possible. 

The  methods  of  raising  sunken  ships  in 
water  thut  is  shallow  enough  to  permit  of 
regular  operations  have  changed  gradually, 
and  new  schemes  are  being  tried  with 
success  every  few  years.  The  process  most 
in  vogue  in  recent  years  is  simply  to  close 
all  the  holes  and  apertures  in  the  hull,  pump 
out  the  water,  and  use  pontoons  and  chains 
to  raise  her.  Thus  the  Wells  City,  in  New 
York  harbor,  was  suooeasfuUy  raised  from  its 
muddy  bed.  She  was  a  heavy  steamer  of 
3,000  tons  burden,  and  in  collision  with 
another  vessel  she  went  down  in  fifty  feet  of 
water.  Her  cargo  was  first  removed  to  lighten 
her,  and  then  chains  were  passed  under  her 
keel  and  around  pontoons  on  either  side. 
The  sharp  keel  cut  the  chains  in  two  when 
the  steamer  was  raised  almost  to  the  surface, 
necessitating  a  repetition  of  the  whole 
work;  but  she  was  finally  raised,  repured, 
and  turned  over  for  active  service  again. 

In  more  recent  years  a  new  method  has 
been  adopted  and  successfully  pursued  in 
some  instances  where  the  vessels  went  down 
in  water  not  too  deep.  When  a  heavy 
vessel  goes  down,  the  lower  part  of  the  hull 
sinks  so  deep  into  the  mud  or  sand  that  a 
tremendous    force   would   be  required   to 


overcome  the  suction  of  the  bed  in  which 
she  lays.  To  overcome  the  friction  of  this 
mud,  powerful  jets  of  water  have  been  poured 
into  the  bed  to  disintegrate  the  mud.  In 
some  cases,  suction  dredges  are  used  to  draw 
the  mud  away  so  that  the  lower  part  of  the 
hull  would  be  released  fr^m  its  prison. 

Two  years  ago  the  powerful  battleship 
Victorious  ran  aground  in  25  feet  of  water, 
near  the  jetties  of  Port  Said.  Huge  wreck- 
ing tugs  tried  in  vain  to  pull  her  into  deep 
water.  Then  one  of  her  anchors  was 
dropped  overboard,  and  by  attaching  the 
chain  of  this  to  a  donkey  engine  on  board 
the  ship  was  pulled  along  for  300  feet,  until 
she  was  in  26  feet  of  water.  But  it  was 
feared  that  the  ship  would  be  badly  damaged 
if  further  strain  were  imposed  upon  her,  and 
the  proposition  was  made  and  accepted  to 
try  the  suction  dredger.  The  tank  boats 
disintegrated  the  mud  with  their  jets  of 
water  exerted  by  a  powerful  pressure,  and 
the  dredges  sucked  up  the  mud  and  dirt  on 
the  opposite  side.  A  regular  canal  was  thus 
dug  around  and  under  the  heavy  battleship. 
At  the  same  time  the  tugs  pulled  on  the 
ship,  and  in  a  short  tune  she  was  slowly 
moved  frt>m  her  moorings.  In  this  way  she 
was  gradually  floated  to  deeper  water,  where 
she  could  manage  herself.  The  damage  to 
the  ship  was  very  small,  while  the  probable 
danger  of  leaving  her  in  her  muddy  bed  was 
great.  The  mud  was  of  such  a  character 
that  the  battleship  might  have  sunk  a  little 
more  each  day  until  h^  decks  would  be 
awash  with  the  surface  of  the  water. 

The  Russian  cruiser  Rossia,  with  a  dis- 
placement of  over  12,000  tons,  was  sunk  in 
an  accident  in  the  Neva  River,  near  St.  Peters- 
burg, where  she  settled  to  a  depth  of 
30  inches  in  the  mud  and  sand.  It  was  in  the 
month  of  November,  and  the  water  was  so 
cold  that  the  divers  could  not  work  long  at 
a  time  under  the  water,  and  after  fruitless 
attempts  to  move  the  steamer  from  her  bed 
it  was  decided  to  try  the  new  method.  A 
lighter  carrying  a  large  force  pump  was 
anchored  alongside  of  the  cruiser,  and  the 
divers  carried  the  pipe,  which  was  25  inches 
in  diameter,  twenty-five  feet  beneath  the 
surface  of  tlie  ioe.  The  force  of  the  pomp 
slowly  disintegrated  the  frozen  mud  and 
sand,  and  in  less  than  a  month  the  heavy 
cruiser  was  floated.  Had  the  work  been 
I)erformed  in  ordinary  weather,  not  half  the 
time  would  have  been  required.  The  ice  on 
the  river  and  the  coldness  of  the  wator 
made  work  necessarily  slow  and  difllcolt 
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MAIN  STEAM  PIPES 


Chas.  J.  Mason 


Designs   for   Central  Stations— Provisions  for  Continuous  Operation— Method   of 
Hanging  Large  Pipes— Value  of  Covering 


THERE  are  varioos  designs  employed  for 
the  piping  in  large  steam  plants,  both 
in  regard  to  the  method  of  joining  the 
pipes  and  of  affixing  the  attachments,  and 
also  in  the  manner  of  mnning  the  pipes  from 
the  boilers  to  the  engines.  The  two  systems 
now  in  vogue  are  the  overhead  and  that 
where  the  pipes  are  ran  below  the  floor. 
Each  of  these  systems  possesses  advantages 
not  claimed  by  the  other,  and  the  matter  of 
making  a  choice  between  them  depends 
largely  on  the  relative  positions  of  the  boilers 
and  engines  and  on  the  symmetry  of  the 
plant — or,  rather,  the  bailding  itself. 

One  of  the  main  objects  to  be  kept  in  view 
in  the  design  of  a  main  steam  pipe  is  that 
the  shutting  down  of  any  one  or  more  units 
will  not  necessitate  the  shutting  down  of 
the  whole  plant.  This  is  accomplished  in 
various  ways.  In  some  cases  one  main  pipe 
receives  steam  from  the  boilers  through 
smaller  pipes,  in  which  are  placed  stop- valves 
to  allow  steam  to  be  shut  off  from  any 
one  or  more  boilers  without  interfering  with 
any  of  the  others;  the  engines  have  a  similar 
pipe  and  valve,  which  admits  of  one  or 
more  being  shut  down  while  the  othws  are 
in  operation.  This  is  all  very  good  so  far  as 
it  goes,  but  should  anything  go  wrong  with 
any  part  of  the  main  pipe  itself,  the  whole 
plant  would  have  to  be  shut  down  in  order 
to  make  repairs  or  alterations. 

A  plant  having  but  one  main  steam  pipe 
may  be  so  designed,  however,  that  not  only 
may  each  individual  boiler  and  engine  be 
cut  out  of  service,  but  if  any  one  section  of 
the  pipe  itself  gives  out  that  particular  part 
may  be  cut  out  of  service  without  stopping 
either  the  boilers  or  engines.  This  may  be 
accomplished  by  placing  the  main  pipe 
between  the  boilers  and  engines,  and  may  be 
either  an  overhead  installation  or  one  below 
the  level  of  the  engines  and  boilers.  Four 
stop-valves  may  be  placed  on  the  endless 
pipe,  which  divides  it  into  as  many  sections, 
and  each  boiler  and  engine  has  then  two 
pipes  connecting  with  the  two  nearest  sec- 
tions of  the  main,  and  each  of  these  individual 
pipes  has  a  stop-valve  also. 

Now,  suppose  a  joint  blows  out  or  any- 
thing occurs  in  the  section  of  the  main  pipe 


between  any  two  valves;  the  valves  on  the 
section  may  be  closed,  together  with  those 
on  the  boiler  and  engine  pipes  connected  to 
the  section.  This  will  not  necessitate  the 
catting  out  of  service  of  these  units,  for  the 
remaining  pipe  on  both  boiler  and  engine 
connects  with  another  section  of  the  main 
that  is  still  in  operation.  In  this  design,  aU 
of  the  pipes  are  of  such  a  size  that  these 
changes  will  not  seriously  affect  the  opera- 
tion of  either  boilers  or  engines.  The  steam 
and  water  can  be  blown  out  through  the 
drains  (each  section  having  a  drain  pipe  to 
the  sewer  as  well  as  to  the  regular  returns 
to  the  boilers)  and  repairs  made.  After 
the  repairs  are  completed,  steam  may  be 
admitted  through  the  by-pass  valves,  first 
cracking  them  from  the  seats,  until  the 
whole  pipe  is  of  the  same  temperature  and 
pressure  throughout;  then  the  main  valves 
may  be  slowly  opened  and  the  whole  pipe  is 
in  seivice  again. 

In  this  way  any  section  of  the  main  pipe 
may  be  cut  out  of  service  and  yet  not  inter- 
fere with  the  operation  of  any  single  unit  in 
the  whole  plant.  Expansion  may  be  pro- 
vided for,  both  in  the  main  pipe  and  in  the 
smaller  pipes  to  boilers  and  engines,  by  the 
bends  necessary  to  make  the  connections. 
The  water  of  condensation  (if  an  overhead 
pipe)  may  be  collected  at  various  points  on 
the  main  into  a  drip  line  and  returned  to 
the  boilers  by  gravity.  Should  the  main  be 
under  the  floor,  the  water  of  condensation 
will  be  conducted  to  a  receiver  that  has  a 
pump -governor  attachment  and  pumx)ed 
thence  into  the  regular  feed-line  to  the 
boiler.  Provision  may  be  made  to  drain  any 
and  all  sections  by  a  pipe  connection  into 
the  sewer  or  receiving  tank. 

Such  a  design  as  just  described  is  simple 
and  no  more  difficult  to  construct  and  erect 
than  any  other.  Having  no  dead  ends 
(while  the  whole  pipe  is  in  service),  there  is 
little  or  no  chance  for  slugs  of  water  to  do 
any  serious  damage.  It  is  also  economical  of 
space,  which  is  an  important  consideration 
in  a  design.  The  possibility  of  a  complete 
shutdown  is  very  remote  indeed  when  such 
a  pipe  is  installed. 

Another  design  for  the  main  pipe  for  a 
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large  plant,  as  for  instance  a  central  lighting 
or  power  station,  is  where  the  boilers  are 
situated  on  either  side  of  a  central  fire  room 
adjacent  to  the  engine  room.  The  engines 
may'be  located  with  respect  to  the  boilers  in 
a  manner  similar  to  that  described  in  the 
prteeding  installation,  and  a  central  passage- 
way divides  them  into  two  groups.  There 
are  then  two  main  steam  pipes  of  the  same 
sixe  and  length,  running  in  parallel  overhead. 
These  pipes  taper  down  toward  the  engine- 
room  end.  The  pipes  are  run  comparatively 
dose  together  and  centrally  between  the 
boilers  and  engines.  Each  boiler  is  equipped 
with  two  steam  pipes,  one  pipe  connecting 
into  each  main.  Each  boiler  pipe  has  a 
stop-valve  situated  at  the  top  end,  close 
up  to  the  main  pipe.  All  valves  in  this 
design  are  fitted  with  by-passes. 

Each  engine  is  equipped  with  two  steam 
pipes,  one  from  each  main,  having  stox>- 
valves  at  the  upper  ends,  the  same  as  the 
boiler  pipes.  There  is  also  the  regular  engine 
stop-valve  (in  lieu  of,  and  sometimes  spoken 
of,  as  a  throttle  valve)  between  the  steam 
chest  and  the  bottom  of  the  separators. 
Expansion  is  taken  care  of  in  all  the  pipes 
by  the  bends.  The  water  of  condensation 
is  collected  in  a  line  pipe  running  under  and 
close  to  the  mains,  each  main  having  its  own 
pipe.  These  drip  pipes,  as  they  are  termed, 
are  connected  to  the  mains  by  water  pock- 
ets, which  are  fittings  attached  as  a  valve 
would  be,  and  spaced  at  regular  intervals 
along  the  enture  length  of  the  pipe,  except- 
ing that  part  where  the  bend  is.  In  the 
boiler-room  section  these  drip  pipes  return 
the  condensation  to  the  boilers  by  the  force 
of  gravity.  Each  pipe  is  equipped  with  a 
valve  at  every  opening,  and  each  branch 
pipe  to  the  several  boilers  is  also  equipped 
with  a  stop-  and  a  check-valve.  There  is 
also  at  both  the  fire-room  and  engine  ends 
of  each  pipe  a  drain  pipe  that  connects  only 
with  the  sewer,  and  these  are  to  be  used 
when  it  is  required  to  entirely  empty  the 
pipes  after  the  steam  has  been  shut  off. 

The  condensation  in  the  engine-room  sec- 
tion of  the  pipe  is  led  to  traps  that  empty 
into  a  receiver  in  conjunction  with  a  pump 
that  delivers  immediately  into  the  feed  sys- 
tem. These  traps  also  have  a  by-pass  into 
the  sewer,  to  be  used  in  case  of  emergency. 
There  are  two  of  these  receivers  and  pumps, 
one  on  each  side  of  the  basement  in  which 
they  are  located.  In  accordance  with  the 
general  plan  of  the  whole  system,  the  drips 
from  both  mains  can  be  emptied  into  either 
receiver  by  the  manipulation  of  the  several 


valves.  This  admits  of  the  shutting  down 
of  one  pump  and  its  receiver  for  repairs 
without  in  any  way  impairing  the  regular 
operation;  each  pump  and  receiver  is  of 
sufficient  dse  to  handle  all  the  water  that 
reaches  it.  At  the  base  of  the  separator 
there  is  also  a  drip  pipe,  and  the  condensa- 
tion from  this  and  the  live  steam  with 
which  the  cylinders  are  jacketed  empties 
into  the  system.  It  may  be  added  that 
owing  to  these  two  last  sources  being  below 
the  plane  of  the  water  level  in  the  boilers, 
a  gravity  system  such  as  is  used  in  the 
boiler-room  sections  could  not  be  used  with 
any  degree  of  success; 

With  this  arrangement  two  valves  are 
placed  on  each  main  pipe  and  one  on  a 
cross-pipe  connecting  the  mains  together; 
two  of  the  valves  on  the  main  pipe  are  in 
the  boiler  room  and  two  in  the  engine  room, 
and  that  on  the  cross-pipe  is  situated 
between  the  dividing  walls  of  the  boiler  and 
the  engine  rooms,  the  enclosed  space  being 
that  part  of  the  building  through  which  the 
chinmey  rises.  There  is  thus  a  main  stop- 
valve  for  each  pipe  in  both  the  boiler  and 
the  engine  rooms.  The  advantage  of  this 
arrangement  is  twofold:  First,  should  the 
pipe  in  the  fire-room  give  out  at  any  point, 
the  valves  in  that  section  can  be  closed 
without  going  to  the  engine  room  to  close 
the  valves  there;  and  so,  also,  in  case  a 
section  of  the  pipe  in  the  engine  room  gives 
out,  the  nearest  valves  can  be  closed  for  the 
same  reason.  ^  Should  the  boiler-room  section 
of  a  main  be  cut  out  of  service  for  any  reason 
whatever,  both  sections  in  the  boiler  room 
may  be  continued  in  operation  by  the  manip- 
ulation of  the  five  valves. 

In  the  event  of  a  section  of  each  pipe  hav- 
ing to  be  cut  out  of  service,  say,  for  example, 
the  engine-room  section  of  one  and  the 
boiler-room  section  of  the  other  (diagonally 
opposite  sections),  the  plant  could  still  be 
operated  by  closing  two  talves,  one  on  each 
main  pipe,  and  opening  the  other  two  and 
the  one  on  the  cross-pipe,  which  would  be 
equivalent  to  running  with  one  main.  The 
other  sections  could  also  be  operated  in  a 
like  manner. 

It  is  plain  that  in  this  design  ample  pro- 
vision is  made  for  any  possible  emergency. 
It  is  usual,  in  a  plant  of  this  kind,  to  operate 
both  pipes  continually,  only  cutting  any 
section  or  sections  out  of  service  long  enough 
to  do  any  repairs,  such  as  overhauling  the 
valves,  iMu^king,  or  making  joints.  Both 
pipes  from  the  boilers  and  engines  are  also 
in  service  all  the  time,  although  each  of  them 
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IB  made  large  enough  to  supply  the  required 
quantity  of  steam  from  the  boiler  to  the 
main  and  from  the  main  to  the  engine.  The 
yalves  are  usually  of  the  gate  type,  with 
movable  seats,  which  admits  of  both  valves 
and  seats  being  reiiftoed  without  removing  the 
body  of  the  valve.  The  pipes  are  most  fre- 
quently hung  from  the  ironwork  of  the  roof 
by  iron  rods  fkuBtened  to  collars  or  bands 
encircling  the  pipe  and  adjusted  by  a  turn- 
buckle.  Every  alternate  rod  is  suspended 
vertically  and  aiffixed  to  the  collar,  while 
the  other  collars  are  connected  to  two  rods 
running  at  an  angle  from  either  side  to  the 
trestlework  above.  In  ibis  manner  the  pipe 
is  safely  and  securely  hung,  and  at  the  same 
time  it  is  perfectly  free  to  expand  in  all 
directions. 

As  we  have  been  dealing  with  the  design 
of  main  steam  pipes  in  large  plants,  it  may 
be    somewhat  foreign   to   the   rabject  to 


introduce  that  of  pipe  covering.  However, 
it  may  be  briefly  mentioned  that  owing  to 
the  great  loss  of  heat  through  radiation  in 
an  uncovered  pipe,  it  is  of  great  importance 
that  at  least  some  covering  be  api^ed,  even 
if  it  is  of  a  cheap  character-— not  that  we 
advise  anything  of  a  cheap  quality  in  a 
steam  plant,  but  it  is  best  to  choose  the 
least  of  two  evils.  It  is  estimated  that  an 
uncovered  pipe  will  condense  approximately 
four  times  as  much  steam  in  a  given  time  as 
one  that  is  covered  by  a  cheap  quality  of 
covering. 

Aside  from  the  necessity  of  covering  a  pipe 
to  prevent  a  great  loss  of  heat,  the  genenl 
appearance  of  the  piping  in  a  plant  is  very 
much  improved  by  a  nicely  laid  on  covering. 
Nothing  looks  better  than  a  well-covered 
pipe  painted  white,  and  with  brass  or  black 
bands  in  contrast  to  the  colors  of  the  sur- 
rounding objects. 
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Thkir    Constkuction    and    Opbration — ^The   Common   Stbam-Hbating   Coil — ^Thb   Aik 

•    Supply — ^Thb  Tbmpbraturb 


THE  capacity  of  air  to  absorb  or  float 
vapor  at  various  temperatures  is  the 
basis  of  the  drying  process.  Air  is  the 
medium  that  conveys  the  water  from  fabrics 
and  thus  dries  them,  and  the  addition  of 
heat  to  the  air  gives  the  air  the  property  of 
absorbing  the  water  more  rapidly  than  it 
can  when  cold.  Drying  rooms,  therefore, 
are  furnished  with  heating  and  ventilating 
apparatus.  Many  devices  have  been  resorted 
to  for  the  purpose  of  reducing  the  amount  of 
water  in  articles  to  be  dried,  and  among  them 
are  wringers,  centrifhgal  dryers,  etc. 

The  drying  room  should  be  supplied  with 
a  constant  flow  of  fresh  warm  air,  dr- 
<nilated  evenly  through  it  in  all  directions 
among  the  articles  to  be  dried.  The  air  acts 
like  a  sponge,  which,  if  it  is  freed  from  the 
water  it  contains,  will  absorb  more;  but  with 
air  this  is  impracticable,  so,  after  it  has  done 
its  work  in  taking  up  all  the  moisture  it  can, 
it  is  removed  and  fresh  air  comparatively 
free  from  moisture  is  supplied  to  take  its 
place.  This  is  kept  up  as  long  as  necessary. 
Very  cold  air  contains  but  little  watery  vapor, 
for  the  low  temperature  solidifies  or  con- 
denses it.  Fabrics,  therefore,  are  dried  more 
rapidly  in  winter  than  in  summer  if  the 


same  temperature  is  maintained  in  the  dry- 
ing room.  The  more  rapidly  the  saturated 
air  is  removed  and  the  fresh  dry  afr  supplied, 
the  more  quickly  will  the  drying  process 
proceed.  This  is  equally  true  whether  car- 
ried on  in  a  natural  manner,  as  in  a  hot  sun 
and  a  stiff  breeze  ox^  a  summer  day,  or  by 
artificial  means  in  a  drying  room,  on  a  winter 
day,  with  a  forced  circulation  of  warm  air. 
The  former  costs  nothing;  the  latter  is 
attended  with  more  or  less  expense,  accord- 
ing to  the  proper  construction  and  manage- 
ment of  the  parts  and  i^pliances.  It  is 
important,  therefore,  to  use  only  the  best 
system  for  quick  and  complete  work.  It  is 
important  also  that  the  moisture  should  not 
be  removed  at  too  high  a  temperature,  as  it 
is  apt  to  make  certain  goods  harsh  in  feeling 
and  to  give  them  a  yellow  tinge. 

A  great  deal  of  time,  ingenuity,  and  money 
have  been  spent  on  this  seemingly  simple 
process,  and  it  is  desirable,  therefore,  that 
only  the  best  examples  should  be  studied 
and  used.  Experience  is  the  best  teacher, 
and  it  is  very  desirable  to  know  the  difficulties 
that  others  have  met  with  and  how  they 
have  been  overcome.  The  system  illustrated 
here  is  recognized  as  the  best  in  use.    The 
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drying  room  may  be  made  chiefly  of  wood, 
for  ordinary  baildingB;  or  it  may  be  made  of 
iron,  to  meet  the  requirements  of  the  insur- 
ance companies,  as  accidents  have  occurred 
through  the  carelessness  of  workmen  when 


Fia.  1 

repairing  those  made  of  wood,  which  have 
been  dried  to  the  highest  point  and  are 
therefore  very  inflammable. 

Fig.  1  is  a  perspective  view  of  the  front  of 
a  popular  type  of  steam  drying  room.  It  is 
made  with  three  styles  of  horses,  for  plain 
(flat)  work,  as  shown.  These  horses  are 
11  inches  wide;  special  combination  horses, 
for  collars,  cuffs,  and  shirts  are  18  inches 
wide.  They  are  provided  with  patent  clips 
at  the  top  for  hanging  the  shirts,  and  ba^s 
with  pins  are  used  for  hanging  the  collars 
and  cuffs.  The  length  6f  the  horses  varies 
from  10  to  15  feet,  the  overhead  rails  and 
other  parts  being  made  stiff  and  strong 
accordingly.  The  horses  are  made  of  1 }  -inch 
dear  white  pine,  with  car- wheel  rollers 
and  galvanized-iron  braces  that  run  over- 
head on  4''^  X  3^'  rails,  built  up  of  three 
thicknesses  of  yellow  pine  fastened  with 
3-inch  tinned  screws  and  mortised  into 
similar  headers.  Any  number  of  horses 
may  be  used  in  one  room.  The  illus- 
tration shows  eleven  in  a  row  at  a  ( closed ) 
and  one  at  h  pulled  out  about  half  way. 
When  well  made,  of  thoroughly  dried 
material,  all  the  parts  will  work  smoothly 
and  perfectly. 

Fig.  2  shows  the  style  of  steam-heating 
coil  commonly  used  in  a  drying  room.  It 
rests  on  the  floor.    The  heating  pipes  may 


run  parallel  with  the  horses  or  transversely, 
the  headers  being  outside  of  the  room,  if 
necessary,  and  well  protected.  A  good 
steam  trap  should  be  connected  with  the 
return  pipe  of  the  coil,  to  prevent  the  loss 
of  steam  if  the  water  of 
condensation  cannot  return 
directly  to  the  boiler.  The 
proportions  of  the  heating 
Burfietce  to  the  cubic  contents 
of  the  room  vary  according 
to  the  class  of  goods  and  style 
of  drying,  the  rapidity  of  the 
circulation  of  air,  etc  from 
as  high  as  3  cubic  feet  of 
contents  to  1  square  foot  of 
radiation  down  to  10  cubic 
feet  of  contents  to  1  square 
foot  of  radiation.  For  regular 
work,  about  7  to  1  is  generally 
used. 

The  pressure  and  tempera- 
ture of  the  steam,  whether 
direct  from  the  boiler  or  a 
weak  exhaust  from  an  engine 
pump,  etc.,  must  be  consid- 
ered. The  higher  the  steam 
pressurethe  smaller  the  heat- 
ing surface  required. 

Under  certain  conditions  a  fireproof,  or 
nearly  so,  drying  room  is  required.  This 
must  be  made  of  and  lined  with  metal,  all 
parts  being  either  thoroughly  galvanized  or 
tinned.  The  heads  of  the  horses  (the  flat 
boards  that  form  the  front  of  the  drying 
room)  are  sometimes  made  of  wood,  bat 
thick  sheet  metal  is  preferable  for  a  fireproof 
room.  The  tie  rods  are  of  IJ-  or  IJ-inch 
iron  pipe,  and  the  overhead  rails  are  of  pipes 
or  T  iron.  The  whole  must  be  put  together 
firmly  and  substantially,  with  due  regard  to 
expansion  and  contraction. 

An  ample  supply  of  air  from  the  enclosing 
room  or  from  without  should  be  allowed  to 


Fig.  2 


pass  freely  beneath  cmd  upward  through  the 
heating  coil,  and  ample  provision  should  be 
made  for  it  to  circulate  equally  among  and 
through  the  articles  to  be  dried.  It  should 
then  pass  through  one  or  several  openings 
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at  the  top  of  the  drying  room  and  escape 
throagh  flues  to  the  outer  air.  A  rapid  and 
positive  circulation  of  the  air  can  be  secured 
by  the  aid  of  a  power  fan;  in  such  a  case  the 
heating  coil  may  be  made  more  compact  and 
be  placed  outside  of  the  drying  room,  or  an 
exhaust  fan  can  be  placed  in  the  outlet  flue 
to  sack  the  saturated  air  out  of  the  drying 
room. 

In  operating  the  drying  room,  the  laun- 
drees  pulls  a  horse  out  to  its  full  length. 
This  is  easy,  for  the  horse  is  furnished  with 
wheels  that  run  on  the  overhead  rails,  and 
the  damp  fabrics  are  then  hung  on  the  long 
horiaontal  bars.  When  these  are  filled  the 
horse  is  pushed  back  again  and  the  others 
polled  out  one  by  one  until  they  are  all 
filled.  In  a  few  minutes  the  now  dry  clothes 
are  removed  from  the  first  horse,  which  may 
then  be  refilled  with  other  damp  "pieces.'' 
In  this  way  the  drying  room  actually  be- 


comes a  continuous-process  apparatus,  and 
the  laundress  loses  no  time  waiting  for  the 
clothes  to  dry. 

The  best  working  temperature  is  from 
175*  F.  to  200**  F.  for  ordinary  goods.  Thin 
light  goods  dry  as  well  in  a  somewhat  lower 
temperature.  8 hirts  with  starch  in  the  linen 
bosoms  do  not  dry  as  quickly  as  some  other 
goods.  Woolen  articles,  being  open  and 
porous,  can  be  ''driven''  faster  than  linen 
articles.  Goods  such  as  shirts  should  take 
not  less  than  30  minutes,  otherwise  they 
may  turn  yellow  and  hard.  Other  goods 
may  be  allowed  about  10  minutes,  more  or 
less,  according  to  their  kind  and  the  manner 
in  which  they  have  been  '*  wrung  out"  and 
the  dryness  of  the  air  used.  In  a  tightly 
closed  drying  room  the  goods  will  take  a 
long  time  to  become  even  fairly  dry,  for  the 
water  has  to  condense  on  the  walls  and  pass 
out  through  the  pores  of  the  wood. 


A  PRACTICAL  LESSON 


Westerner 


^^OOYS,  I've  got  a  nice  job  for  you," 
XJ  said  the  superintendent  of  an  elec- 
trical machinery  repair  shop  one 
morning,  when  he  reached  the  works; 
"here's  an  old  one-horse  110- volt  direct- 
current  Detroit  motor  that  we  recently 
replaced  with  a  larger  machine;  we  will 
make  a  1-kilowatt  dynamo  out  of  it;  so 
take  the  motor  apart  and  examine  each 
part  thoroughly,  to  see  that  they  are  free 
from  crosses  and  grounds." 

After  these  directions  had  been  carried 
out  the  superintendent  remarked:  "The 
dynamo  ought  to  generate  115  volts  to  over- 
come any  line  losses  in  order  to  give  the 
standard  voltage  at  the  lamps;  now,  here 
is  the  armature — ^it's  drum- wound,  I  think; 
the  wire  is  heavy  enough— it's  No.  16.  The 
armature  is  to  carry,  when  the   machine 


operates  as  a  dynamo  of  1  kilowatt. 


1,000 
115 

=  6.6  amperes.    You're  sure  it's  in  good 
condition  otherwise?" 

*' Well,"  said  the  foreman,  "here  are  the 
field  coils;  we'll  measure  their  resistance;" 
and  this  was  found  to  be  2.6  ohms. 

"Is  that  all?"  said  the  superintendent; 
"there's  19  pounds  of  wire  by  weight;  de- 
ducting 1  pound  for  the  oil,  leaves  18  pounds 
net  They  are  wound  with  No.  22  wire, 
which  ought  to  be  about  150  ohms.    The 


small  resistance  is  not  surprising  now,  when 
I  know  that  we  never  used  anything  but 
mineral  oil,  which  in  itself  means  death  to 
insulation.  Well,  we  need  new  wire  at  any 
rate,  so  we  will  have  to  rewind  them,  but 
first  we  will  have  to  determine  the  amount 
of  current  we  wish  to  give  the  fields.  This 
should  not  exceed  ^  of  the  capacity,  so 
we'll  assume  it  to  be  }  ampere.    This  means 

-—  =  230  ohms,  or  115  ohms  in  each  coil. 

Now,  230-^18  =  13  ohms,  nearly,  or  the 
resistance  of  1  pound.  No.  23  is  the  nearest 
size,  so  we  will  wind  each  coil  with  9 
pounds  of  No.  23  single  cotton-covered 
magnet  wire. 

"J  hardly  think  it  will  be  necessary  to  do 
anything  with  the  bearings,  brush  holders, 
carbon  brushes,  and  cables— they're  in  good 
condition.  When  you  are  through  winding 
the  field  coils,  set  the  machine  together 
again,  but  be  sure  to  get  the  coils  on  the 
frame  in  the  same  position;  connect  the 
inside  ends  of  the  coils  togetiier,  then  con- 
nect the  machine  to  the  switchboard." 

When  this  had  been  done  the  foreman 
reported:  "All  right,  sir,  we're  ready  to 
test  her  all  in  operative  condition.  Shall  I 
start  it?" 

"Yes.  My!  but  she  run's  swift;  where's 
the  speed  ind icator  ?  " 
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* '  Here.  It  mdlcatee  3,200  revolntioDs  per 
minute/' 

"Well,  that's  too  fast  entirely;  but  we 
won't  bother  about  a  slower  speed  until  we 
learn  more.  But  where  is  our  current — ^not 
a  si^  of  juice.  Is  the  resistance  cut  out  of 
the  field  circuit?  " 

•*Yes." 

**  You  are  positive  that  all  of  the  connec- 
tions are  correct  7  " 

"Yes." 

"  Well,  the  machine  will  work,  I'm  sure." 

"It  only  gives  6  volts  on  our  portable 
voltmeter." 

"  Did  you  move  the  brush  holders  back- 
ward or  forward?" 

"  No;  that  doesn't  do  any  good." 

"  Is  it  possible  that  the  field  pole  pieces 
have  lost  their  residual  magnetism  and  need 
strengthening?  Here,  put  about  12  dry  cells, 
connected  6  in  series  and  2  in  parallel,  onto 
the  field  terminals,  but  first  disconnect  one 
side  of  the  armature.' ' 

"  Same  thing— only  gives  5  volts." 

"  Now  reverse  the  battery  connections." 

"ItisstiUthesame." 

"  Let's  change  the  armature  terminals." 

"  That  is  not  any  better." 

"  Well,  let's  try  it  as  a  motor  sgain.  We 
still  have  the  current  here  to  test  by." 

On  this  being  done  the  superintendent 
remarked:  "There's  really  nothing  wrong. 
She  runs  all  right  there  as  a  motor.  Let's 
try  it  as  a  dynamo  again — probably  she'll 
work;  but  first  we'll  magnetize  the  fields 
opporite  to  what  they  were  as  a  motor,"  and 


when  this  had  been  accomplished  he  said: 

"  Now  let's  try  it  again." 

This  did  not  make  matters  any  better,  and 
the  foreman  remarked:  "We  have  tried 
this  thing  for  two  days  now  without  suc- 
cess. Suppose  we  call  in  an  outsider  and  see 
whether  he  can  give  us  some  suggestion. 

"All  right;  I'll  see  Mr.  Contractor  this 
morning  and  send  him  in." 

In  due  time  the  gentleman  mentioned 
made  his  appearance  at  the  shop,  and  after 
matters  had  been  explained  to  him  he  re- 
nuurked:  "I  notice  that  the  wiring  and 
connections  are  correct  and  perfect;  I  see 
no  reason  why  it  should  not  generate.  Sup- 
pose you  start  it  up  and — ^that's  right, 
full  speed.  Well,  that's  funny;  seems  that 
everything  I  try  doesn't  help.  Well,  it's  a 
puzzle.    Suppose  you  try  copper  brushes." 

"But,  Mr.  Contractor,  we  have  seen  car- 
bon brushes  used  on  dynamos  and  motora, 
both  large  and  small;  besides,  we  tried  the 
dynamo  as  a  motor  and  the  brushes  carried 
current.  However,  we  will  try  your  sug- 
gestion." 

This  was  accordingly  done,  and  when  the 
foreman  reported  the  machine  ready  to  run 
again  the  superintendent  remarked:  "If 
she  doesn't  work  this  time  I'll  sell  the 
machine  for  old  junk,"  and  on  the  machine 
being  started  he  exclaimed:  "Say,  look  at 
that,  will  you — that  machine  is  a  dynamo- 
generates  130  voltfr— but  we  can  adjust  that 
later.  The  next  time  that  we  rebuild  a 
dynamo  I  think  we  can  find  a  remedy  for 
our  trouble." 


RAIL\VAY  RECEIVERSHIPS 


THE  number  of  railways  in  the  hands  of 
receivers  on  June  30,  1899,  in  the 
United  States,  was  71,  there  being  a 
net  decrease  of  23  as  compared  with  the 
corresponding  date  of  the  previous  year. 
The  number  of  railways  placed  in  chaige  of 
receivers  during  the  year  was  16,  and  the 
number  removed  from  their  management 
was  39.  The  operated  mileage  of  the  roads 
under  receivers  on  June  30,  1899,  was 
9,853.13  miles,  of  which  7,225.62  miles  were 
owned  by  them.  Of  the  roads  in  the  hands 
of  receivers  on  the  date  named  10  had  an 


operated  mileage  in  excess  of  300  miles, 
10  between  100  and  300  miles,  and  40  lem 
than  100  miles.  Complete  returns  for  roads 
in  the  custody  of  the  courts  are  not  always 
available,  but  it  appears  that  the  caiHtal 
stock  represented  by  railways  under  re- 
ceiverships on  June  30,  1899,  was  aboot 
$220,210,688;  funded  debt  $306,486,740,  and 
current  liabilities  $59,180,823.  These  figures 
show  a  decrease  of  $43,926,703  in  capital 
stock  represented,  as  compared  with  the 
previous  year,  and  of  $16,405,951  in  fosded 
debt 
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LEAD-PIPE  WORK 


Sanitary  Engineer 
RsAflONS  FOB  THE  DbCLINB  AND   REVIVAL  OF  ThDS   ClASS  OF  WORK— SUGGMTIONS  FOR  THE 

Iron-Pipe  Plumber 


THE  art  of  working  lead  pipe  properly 
is  sapposed  by  many  to  be  on  the 
decline,  for  iron  and  brass  pipes  have 
largely  superseded  the  use  of  lead  pipes. 
Indeed,  we  often  hear  it  said  that  first-class 
lead  workers  are  '^  as  scarce  as  hen's  teeth/' 
and  that  the  plumber,  instead  of  being 
a  worker  in  lead,  is  nothing  but  an  iron- 
pipe  fitter.  It  is  true  that  lead-pipe  work 
has  been  on  the  decline  for  a  number  of 
years  back,  but  it  is  coming  up  again 
about  as  &st  as  it  went  down.  Two  promi- 
nent causes  operated  together  in  switching 
public  opinion  from  lead  pipe  to  iron  pipe; 
theee  were:  economy  in  cost  of  material,  and 
"botch''  workmen  who  never  served  an 
apprenticeship  nor  received  instruction,  and 
consequently  lacked  the  practical  and  theo- 
retical knowledge  that  every  workman  must 
have  before  he  is  master  of  the  art  of  lead 
working.  The  latter  was,  no  doubt,  the 
more  potent  cause,  for  hosts  of  plumbers 
were  kept  busy  repairing  leaks  and  other 
defects  in  the  lead-pipe  work  of  these 
incompetents. 

It  is  strange  but  nevertheless  true  that 
a  lead-pipe  job  installed  by  a  first  class  and 
careful  plumber  who  takes  pride  in  his 
work  will  last,  practically  speaking,  forever; 
numerous  old  buildings  today  bear  testi- 
mony to  that  fact  But  a  lead-pipe  job 
instaUed  by  a  '*  botch,"  that  leech  of  the 
plumbing  trade,  is  a  dangerous  nuisance 
that  requires  repairs  all  the  time.  A 
"shoddy"  lead-pipe  job  is  considerably 
worse  than  a  "shoddy"  iron-pipe  job,  but 
a  good  lead-pipe  job  is  superior  in  every 
respect  to  a  good  iron-pipe  job.  The  chief 
objections  to  iron  pipe  are:  (1)  its  short 
period  of  usefulness,  which  varies  with  the 
quality  of  the  pipe,  of  the  water,  and 
of  the  zinc  coating,  and  the  degree  of 
thoroughness  with  which  the  pipe  is  coated 
inside;  (2)  its  liability  to  chokage  by  corro- 
sion; and  (3)  the  great  resistances  to  the 
flow  of  fluid  through  it,  due  to  the  rough 
internal  surface  and  the  short  sharp  fit- 
tings employed  in  connecting  the  several 
pieces  of  pipe.  Indeed,  the  objections  to 
iron  pipe  are  so  pronounced  that  plumbers 


prefer  to  install  brass  pipe  when  the  owner 
is  willing  to  pay  the  increased  cost. 

To  show  that  the  art  of  lead  working  is 
not  yet  dead,  we  illustrate  an  exceedingly 
neat  and  masterly  piece  of  lead-pipe  work. 
It  was  made  by  a  plumber  who  certainly 
loves  his  business  and  takes  particular  pride 
in  bending  lead  pipes  and  wiping  joints. 
The  outer  pipe,  or  frame,  is  composed  of  2-  or 
3-inch  waste  pipe;  the  pipe  next  in  size  is 
probably  li-inch  waste  pipe;  and  the  other 
short  pieces,  presumably,  are  water  pipe. 


All  people  who  have  tried  to  bend  2-inch  or 
3-inch  waste  pipe  will  admire  the  skill  of  the 
artisan  who  bent  these  pipes,  for  they  are 
perfect  in  form;  and  all  who  have  tried  to 
wipe  joints  cannot  fail  to  admire  the  elegance, 
similarity,  and  uniformity  of  these  joints. 

A  ftirther  proof  that  lead-pipe  plumbing  is 
thoroughly  desirable  when  properly  done  is 
the  fkct  that  all  schools  of  plumbing,  in 
which  manual  instruction  is  given,  devote 
much  time  to  lead  work;  the  graduates  there- 
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fore  naturally  become  not  only  good  lead 
workers  but  also  strong  advocates  of  lead- 
pipe  plumbing.  These  graduates  are  rapidly 
increasing  in  number,  and,  being  educated, 
will  soon  control  the  plumbing  trade,  hence 
the  prospects  of  a  rapid  revival  of  lead-pipe 


plumbing.  The  iron-pipe  plumber  of  today 
may  soon  have  to  take  a  back  seat  if  he  does 
not  devote  his  energies  to  mastering  the  art 
of  lead-pipe  plumbing.  Young  plumbers, 
take  notice  and  govern  yourselves  accord- 
ingly. 


THE  AGE    OF    STEEL 


W.  Scott-Collins 

Man's  Inventive  Genius— Ibon  and  Steel  as  Factors  of  Civilization— Statistics  op 
Peoduction — ^Metallic  Furnishings  and  Furniture — ^An  Up-to-Date  Office  Fixture 


"  When.  Natinre  her  great  matterpieee  designed, 
And  framed  ?ier  last,  best  toork,  the  human  mind. 
Her  eyeintent  onaUthe  mazy  plan. 
She  formed  of  various  parts  the  varkms  man" 


— BUBMI. 


THAT  necessity  is  the  mother  of  invention 
is  more  than  ever  exemplified  in  the 
products  of  the  brain  and  brawn  of 
artistic  and  mechanical  genius.  When  the 
mind  works  in  unison  with  the  hand,  and 
when  an  inventive  and  resourceful  spirit 
supremely  commands  the  intellect,  then, 
and  only  then,  does  the  mystic  words  "  open 
9e9cme**  swing  the  portal  and  disclose  the 
hidden  treasure  of  accomplishment.  It  has 
been  well  said  that  "  adversity  makes  the 
man,"  and,  likewise,  it  is  the  grappling  with 
the  every-day  problems  of  material  things 
that  sharpens  and  cultures  the  perception  of 
the  worker  in  the  crafts.  Whether  a  designer 
or  an  artisan,  the  same  law  holds,  for  while 
the  skill  of  creative  merit  calls  forth  from 
the  unseen,  novel  and  striking  suggestions, 
they  must  be  materialized  by  the  mechanic, 
and  produced  profitably,  ere  the  world  at 
large  can  benefit  thereby.  Verily,  in  the 
mechanical  arts,  as  poetically  expraased: 
"  bmsLLECT  now  has  aanuned 
An  attitude  truly  oommandlng  I " 

SO  that  he,  with  this  Aladdin's  lamp,  who 
was  formerly  but  a  serf,  destined  to  obscu- 
rity, is  now  the  bone  and  sinew,  and  the 
ornament  and  guard  of  the  nation. 

From  the  days  of  Tubal-cain,  the  patri- 
archal ancestor  of  brass  and  iron  workers, 
to  this,  the  dawn  of  the  twentieth  century, 
no  element  in  the  world's  composition  has 
rendered  greater  service  in  advancing  man's 
rapid  development  than  has  the  unassuming 
and  uninviting  metal  known  as  iron.  As  a 
learned  writer  has  stated  in  an  historical 
notice  of  this  material,  "Whatever  may 
have  been  the  characteristics  of  the  mythic 
age  of  gold,  it  is  certain  that  man  could  only 
attain  to  a  high  degree  of  civilization  in  the 


age  of  iron;  for  without  that  metal,  nations 
never  rise  out  of  the  completest  barbarism. 
Its  possession  by  any  people  is  equivalent  to 
their  advancement  in  all  those  arts  and 
sciences  which  promote  the  happiness  of 
the  many,  while  leading  to  the  enrichment 
of  the  few."  For  this  reason,  probably,  it 
is  mentioned  in  the  earliest  records  of  Holy 
Writ,  and  constant  reference  is  made  to 
weapons  and  implements  made  therefrom. 
There  is  little  doubt  but  that  iron  fbmaoes 
were  included  in  the  mechanical  equipment 
of  Egypt— the  cradle  of  the  arts— as  such 
colossal  structures  as  the  pyramids,  temples, 
and  obelisks  could  never  have  been  exe- 
cuted without  the  aid  of  iron  tools.  That 
iron  was  highly  valued  by  the  ancient 
Greeks  is  evidenced  by  the  fact  that  Homer, 
in  referring  to  the  fiineral  games  which 
Achilles  celebrated  in  honor  of  Patrodus, 
mentions  that  a  mass  of  iron  was  given  as 
one  of  the  prizes. 

During  the  Dark  Ages,  following  the  con- 
fiict  waged  between  the  barbarians  of  North- 
ern Europe  and  the  Romans,  and  resulting 
in  the  fidl  of  the  Roman  Empire  in  the  fiftji 
century,  the  art  of  working  iron  nearly  dis- 
appeai«d.  Not  until  the  Revival  of  Learn- 
ing, in  the  thirteenth  century,  when  "the 
soul  of  man"  began  to  assert  itself  as  a 
factor  greater  than  "  the  body  of  man,"  did 
the  ait  receive  the  attention  to  which  it  was 
entitled.  From  this  time  on,  iron  was  util- 
ized in  a  large  degree  for  articles  of  domestic 
use  and  for  constructive,  decoratiTe,  and 
mechanical  devices,  such  as  cooking  and 
general  household  utensils,  window  guards, 
hinges  and  locks,  fireplace  fixtures,  armor, 
and  weapons. 

The  development  of  the  iron  industry  in 
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Great  Britain  was  remarkably  tardy,  which 
Eiay  be  accounted  for  by  the  centoriee  of 
war&re  between  the  Islanders  and  their  Con- 
tinental aggressors — impelled  by  the  love  of 
oonqnest— «nd  the  decades  of  medieval  broils 
between  the  feudal  nobles  for  supremacy. 
During  these  ages  of  unrest— eras  of  con- 
tention between  the  moral  and  physical 
forces  which  constitute  the  molding  process 
for  empire  and  republic  alike— little  atten- 
tion was  given  to  the  manufacture  of  iron 
for  other  purposes  than  weapons  and  trap- 
pings of  offense  and  defense.  Although 
iron  was  mined  and  smelted  in  England 
during  the  time  of  the  Romans,  for  genera- 
tions the  mines  were  left  wholly  unworked. 
As  late  as  the  reign  of  Edward  III,  in  the 
fourteenth  century,  the  iron  pots  and  pans 
of  the  royal  kitchen  were  listed  among  the 
jewels  of  his  majesty  I  And  these  were 
doubtless  from  metal  procured  from  Spain  or 
Grermany.  In  the  middle  of  the  eighteenth 
century  four-fifths  of  the  iron  worked  in 
Great  Britain  was  imported  from  Sweden. 
Ab  seven  loads  of  wood  were  required  to 
produce  a  ton  of  bar  iron  under  the  old 
smelting  processes,  it  can  be  seen  that  the 
entire  country  would  soon  have  been 
denuded  if  much  of  it  had  been  produced. 

It  was  not  until  coal  was  successfully 
employed  for  smelting  purposes  that  the 
production  of  iron  became  extensive  and 
remunerative.  In  1620  the  British  metal 
commenced  its  forward  march;  in  1760 
large  blowing  cylinders  were  erected  by  the 
celebrated  Smeaton,  and  this  added  improve- 
ment gave  a  phenomenal  impetus  to  the 
trade.  In  1806  the  product  w%s  250,000 
tons;  in  1876,  nearly  6,000,000  tons,  and  in 
1898  nearly  9,000,000  tons.  In  the  United 
SUtes  nearly  12,000,000  tons  of  pig  iron 
(or  one-third  of  the  world's  product)  was 
manufiM^ured  in  1898,of  which9,000,000  were 
converted  into  steel.  To  give  one  a  con- 
ception of  the  magnitude  of  the  iron  and 
steel  interests  of  the  world,  it  might  be  well 
to  state  that  in  1898  the  globe  yielded, 
and  her  dwellers  prepared,  no  less  than 
36,507,487  tons  of  pig  iron,  of  which  24,060,500 
were  converted  into  steel— the  combined 
products  of  Great  Britain  and  the  United 
States  thus  being  about  60  per  cent,  of  the 
entire  output. 

While  enormous  quantities  of  steel  are 
used  for  military  ordnance  and  arms;  rail- 
way bridges,  and  structures,  track  rails— 
**tho9e  glistening  lines  that  hind  the  earth** — 
locomotive,  car,  and  mechanical  equipment; 
motors  and  mechanism  in  work  shops  and 


industrial  plants;  and  for  general  architec- 
tural and  engineering  achievements,  we 
find  that  it  is  rapidly  pushing  its  way  into 
domestic  and  business  circles.  Door  mats 
are  made  of  steel  ribbons,  wardrobes  are 
equipped  with  steel  hangers,  pictures  are 
suspended  by  steel  wire,  pianos  give  forth 
their  melody  from  steel  chords,  bedsteads 
are  constructed  of  steel,  downy  couches  are 
supported  by  steel  trellises  and  springs,  bath- 
tubs are  made  of  it,  the  kitchen  and  laundry 
outfits  are  mostly  composed  of  steel,  and  the 
entire  household  assumes  a  peaceful  aspect 
when  mother-in-law  steals  an  afternoon  nap 
in  a  steel-rigged  rocker. 

In  business  life  its  presence  is  even  more 
pronounced.  In  the  new  offices  and  stores 
the  skeletons  of  the  structures  are  composed 
of  this  metal;  we  are  quickly  transported  in 
elevator  cars  made  of  it  and  suspended  and 
hauled  by  steel  cables.  The  stairways  are 
more  or  less  indebted  to  steel  for  carrying 
members  and  balustrades;  doors,  shutters, 
and  ceilings  are  steel-clad,  and  now  the 
rich  oak  and  mahogany  office  fixtures  are 
informed  that  "their  days  of  usefhlness  have 
ended"  and  the  old  order  of  things  must 
make  way  for  the  new. 

A  recent  visit  to  the  works  of  the  Art 
Metal  Construction  Company,  of  Jamestown, 
N.  Y.,  vividly  portrayed  the  vapid  advance- 
ment being  made  in  the  design  and  con- 
struction of  metallic  fixtures.  The  extent 
and  variety  of  the  products  presented  an 
object  lesson  of  the  complex  character  of  our 
present-day  commercial  interests.  Amid  an 
army  of  four  hundred  mechanics,  "many- 
aproned  kinds,"  were  ranges  of  bank  coun- 
ters and  grilles,  filing  cabinets  and  tiers  of 
roller  shelves,  roll-top  and  fiat-top  desks, 
book  trucks,  a  forest  of  library  book  stacks, 
piles  of  letter  and  document  file  cases,  news- 
paper racks,  bufiets  and  bureaus,  tables, 
stools  and  chairs,  wardrobes,  book  cases, 
and  mantels.  In  other  words,  a  complete 
steel  "cabinet"  shop.  These  products  are 
essentially  a  modem  idea,  and  are  certainly 
the  embodiment  of  the  most  approved 
methods  of  construction  on  scientific  prin- 
ciples. That  classic  architectural  treatment 
can  command  this  new  constructive  material 
to  obey  her  mandates,  shows  how  eternal  is 
artistic  truth.  It  maintains  the  maxim  that 
utility  does  not  sacrifice  her  virtue  by  being 
chaste  and  beautiful. 

These  articles  of  furniture  are  principally 
made  of  sheet  steel,  which  possesses  many 
merits;  it  does  not  shrink  and  swell  as  wood 
does,  it  is  lighter  in  weight,  does  not  absorb 
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odors,  and  owing  to  its  thickness  is  a  great 
economizer  of  space.  The  sheets  are  made 
perfectly  smooth,  being  pickled  and  cold- 
rolled,  and  are  pressed,  molded,  and  bent  as 
desired.  Particular  attention  is  given  to 
have  all  the  exposed  edges  neatly  rounded. 
Shelving  and  work  of  this  kind  is  always 
finished  with  a  roll-edge.  The  surface  of 
the  metal  is  rendered  impervious  to  mois- 
ture and  rust  by  being  covered  with  heavy 
coatings  of  enamel  paint,  which  is  finally 
baked  in  ovens  up  to  a  temperature  of  400^ 
Fahrenheit  A  full  range  of  colors  have 
been  prepared  for  this  class  of  work,  so 
that  it  can  be  made  to  harmonize  with 
any  specific  color  scheme.  Grilles  and  trim- 
mings, when  of  steel,  are  plated  and  bur- 
nished in  any  of  the  approved   finishes. 


any  of  the  modem  banks,  libraries,  court 
houses,  or  office  buildings,  however,  will 
reveal  the  attractive  appearance  and  desi- 
rability of  this  new  adaptation. 

In  the  larger  cities,  where  office  buildings 
are  located  around  the  business  heart  of  the 
community,  fioor  space  is  held  at  a  ransom, 
and  any  contrivance  to  economize  the  area 
is  held  in  much  favor  by  landlord  and  tenant 
alike.  In  the  accompanying  figure  is  shown 
a  combination  of  four  separate  and  distinct 
features  that  are  requisite  in  every  well  fur- 
nished office.  These  consist  of  a  telephone 
booth,  a  filing  case  and  cabinet,  a  wardrobe, 
and  a  lavatory  and  toilet  cabinet.  It  will 
be  seen  that  valuable  space  is  saved  by  such 
a  grouping,  and  when  one  considers  the  thin 
metallic  casings,  the  saving  is  more  apparent 


Brass  and  bronze  moldings,  ornaments,  and 
trunmings  are  also  used  in  conjunction  with 
the  enameled  work,  and  present  a  most  pleas- 
ing efiect  The  accurate  and  thorough  work- 
manship displayed  in  the  execution  of  the 
details  is  a  marvel  to  one  accustomed  to  see 
the  general  line  of  steelwork.  The  skill  of 
the  furniture  steelworkers  is  on  a  par  with 
that  of  the  machine  shop,  and  they  occupy 
a  field  far  removed  from  either  the  black- 
smith or  the  tinker. 

For  interior  architectural  work,  combina- 
tions are  made  of  steel  plate  finished  in 
appropriate  colors,  brass,  bronze,  cut  and 
art  glass,  mirrors,  marble,  leather,  and 
other  suitable  materials.  The  richness 
derived  from  this  ensemble  cannot  be  readily 
understood  from  a  description;  a  visit  to 


The  returns  for  commercial  enterprise  are 
greater— 
"  And  man,  oonvinoed  by  thrift  alone, 

This  great  Important  truth  shall  own: 

That  thin  partition!  may  divide 

The  ipace  where  compact  oomfort  doth  reaidel" 

In  conjunction  witii  the  economy  of  space 
is  that  pertaining  to  the  methodical  disposi- 
tion of  correspondence,  documents,  records, 
and  accounts.  In  the  filing  case  and  cabinet 
are  arranged  6  document  files,  9  blaok 
drawers,  a  safety  cash  compartment,  8  letter 
files,  I  lock  drawer,  3  card  index  drawers,  a 
bookstall,  an  atlas  and  folio  compartment,  a 
sliding  shelf,  and  6  roller  shelves  for  laige 
ledgers.  The  entire  front  is  endoeed  and 
protected  with  a  rolling  steel  curtain  de- 
pended from  above — a  fit  covering  for  a 
veritable  multum  in  parvo. 
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TB8TING  THE  ACTUAL  CANDLEPOWBR 
OP  ARC   LAMPS 
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It  is  Bometimee  desirable,  for  the  purpose 
of  comparison,  to  find  the  actual  candle- 
power  of  a  certain 
lamp.  In  such 
cases  the  test  may 
be  made  with  con- 
siderable accuracy 
by  the  use  of  a 
simple  apparatus. 
On  several  occa- 
sions the  writer  was 
required  to  test  the 
actual  candlepower 
of  a  number  of  arc 
lamps,  as  used  on 
the  streets,  and 
made  use  of  a  simple  home-made  apparatus, 
as  shown  in  the  diagram  of  Fig.  1.  It  is 
based  on  the  well  known  Rumford  method, 
which  is  a  comparison  of  shadows.  Since 
the  power  of  a  given  source  of  light  di- 
minishes inversely  as  the  square  of  the 
distance,  it  is  easy  to  figure  the  candlepower 
when  we  find  the  point  where  the  lamp 
tested  exactly  balances  a  ''standard  candle.'' 
If  we  use  1  foot  as  a  unit  of  measurement, 
it  will  be  only  necessary  to  measure  the 
distance  from  the  shadow  rod  to  the  lamp 
with  an  ordinary  tape  line,  and  to  multiply 
that  distance  by  itself  to  give  the  actual 
candlepower. 

By  referring  to  the  diagram  it  will  be 
seen  that  the  apparatus  consists  of  a  box 
about  two  and  a  half  feet  long  and  open  at 
both  ends.  For  convenience,  it  may  be 
made  somewhat  flaring  at  the  front  end,  and 
a  part  of  one  of  its  vertical  sides  should  be  on 
hinges,  to  allow  it  to  be  opened  for  adjust- 
ment of  the  ''standard  candle."  At  ^  is  a 
frame  carrying  a  ground  glass  or  a  thin  plate 
of  pure  white  porcelain.  This  forms  a  screen 
on  which  the  shadow  of  the  vertical  rod  B 
is  allowed  to  falL  At  precisely  one  foot  in 
front  of  the  center  of  this  rod  is  placed  a 
socket  carrying  the  candle.  The  socket 
should  be  adjustable,  in  order  that  the  dis- 
tance may  be  precisely  fixed.  The  shadow 
rod  B  is  about  f  inch  in  diameter  and  car- 
ries in  the  center  of  its  upper  end  ik  long 
tack  or  wire  nail,  to  hook  the  end  of  the 


tape  measure  on.  Above  the  candle  is  the 
chimney  and  cowl  D,  and  around  the  socket 
are  a  number  of  half-inch  holes,  to  admit 
air.  All  the  interior  is  painted  a  dead  black 
with  a  mixture  of  lampblack  and  spirits  of 
turpentine. 

The  box  has  two  parallel  cleats  on  its 
bottom,  which  allow  it  to  slide  to  and  fro 
along  the  top  surface  of  a  long  trestle  bench 
when  testing  an  arc  lamp  out  of  doors.  The 
manipulation  is  easy  and  simple.  One  end 
of  the  bench  is  pointed  at  the  arc  lamp,  as 
shown  in  Fig.  2,  which  has  been  previously 
lowered  to  the  same  level  as  the  candle,  and 
turned  just  enough  to  one  side  so  as  to  cast  a 
shadow  of  the  rod  on  the  screen,  parallel  to 
and  nearly  touching  the  shadow  of  the  rod 
as  cast  by  the  candle. 

The  two  shadows  then  appear  to  the 
observer  looking  into  the  rear  end  of  the 
box  as  two  parallel  stripes.  By  sliding 
the  box  along  the  bench,  to  or  frt>m  the 
lamp,  a  point  will  soon  be  reached  when 
the  intensity  of  the  two  shadows  will  be 
just  equal. 

This  determination  may  be  reached  with 
a  considerable  degree  of  accuracy  by  a  per- 
son of  good  eyesight  who  is  not  color  blind. 
Then  with  the  ring  on  the  end  of  the  tape 
line  hooked  over  the  center  of  the  rod,  the 
distance  is  measured  to  the  carbons  of  the 
lamp  where  the  arc  appears.  If  this  distance 
happens  to  be,  say,  30  feet,  the  power  of  the 
lamp  is  30  X  30  =  900  candles. 

There  are  two  practical  faults,  or  hin- 
drances, in  such  a  test,  but  both  may  be 


overcome.  First,  the  two  shadows  will 
have  difierent  tints  of  color;  the  one  frt>m 
the  candle  will  be  yellowish,  while  the 
shadow  from  the  arc  lamp  will  be  bluish. 
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To  OTeroome  this  color  interference,  the 
operator  should  wear  green  spectacles,  when 
no  color  will  be  seen — only  the  monochrome 
density  of  the  two  shadows.  The  other  &ult 
comes  from  the  varying  power  of  the  electric 
arc  in  the  lamp.  As  the  carbons  are  con- 
sumed, the  arc  grows  longer  and  longer, 
gradually  becoming  of  a  bluish  tint  and 
increasing  in  illuminating  power  until  a 
point  IB  reached  when  the  resistance  of  the 
arc  causes  a  portion  of  the  current  to  shunt 
through  a  regulating  coil  in  the  lamp.  The 
shunt  cuts  off  the  current  through  the  car- 
bons, allowing  them  to  come  into  contact 
again,  when  the  arc  is  reformed  and  the 
mechanism  of  the  lamp  lifts  the  upper  car- 
bon again  to  the  distance  determined  on. 
This  evolution,  as  described,  produces  a 
*'  wink "  in  the  light  and  the  reformed  arc 
is  not  so  bright  as  it  was  just  before  break- 
ing, for  the  reason  that  it  is  shorter. 

The  candlepower,  as  noted  by  the  observer, 
in  the  apparatus,  will  be  seen  to  grow 
steadily  as  the  arc  grows  longer,  and  the 
box  must  be  slid  away  from  the  lamp  more 
and  more  to  keep  tlie  shadows  of  equal 
density  until  the  lamp  ''winks"  again. 
The  power  of  the  light  will  therefore  appear 
in  waves  of  intensity  similar  to  a  record 
made  by  an  automatic  tide  gauge,  and  never 
constant  for  any  considerable  length  of  time. 
I  refer  to  the  ordinary  open  arc  lamps,  as 
used  on  the  streets. 

The  observer  can  thus  ascertain  the  power 
of  a  lamp  at  its  different  degrees  of  inten- 
sity, and  so  obtain  a  mean  or  average  candle- 
power. 

[This  method  is  simple  and  convenient, 
but  the  arrangement  as  shown  gives  the 
intensity  of  illumination  in  the  horizontal 
direction  only,  and  this  is  hardly  a  fair  test 
for  an  arc  lunp.  The  lamp  that  gives  the 
most  light  in  a  horizontal  direction  is  not 
the  best  lamp  for  street  lighting.— Ed.] 

DRAWING  GUIDE 
D.  R.  P. 

Thb  instrument  here  described  will  be 
found  very  useful  to  every  one  that  is  called 
on  to  make  diagrams  of  electrical  machinery. 
It  is  made  from  a  piece  of  transparent  cel- 
luloid 2  in.  X  5  in. ;  two  corners  a  and  a^  may 
be  rounded  off  to  represent  a  corner  of  a 
circuit;  the  notches  X  and  X^  are  for  the 
purpose  of  making  a  line  crossing  another 
but  not  connected  to  it;  6  shows  large,  and 
!/  small,  alternate  broad  and  narrow  slots 
cut  in  the  celluloid,  through  which  the 
pencil  can  mark  the  lines  representing  bat- 


teries as  they  are  shown  by  a  drawing.  The 
rule  S  is  handy  for  making  fine  measure- 
ments. The  division  lines  i  i^  must  be  very 
small,  and  in  using  this  rule  it  should  he 
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remembered  that  line  Vi  rises  .1  inch  for 
every  inch  it  is  drawn  to  the  right.  Thus, 
if  a  line  .39  inch  in  length  is  desired,  measure 
3.9  inches  from  comer  F,  and  the  length  of 
the  line  i  t^  at  that  point  will  be  .39  inch. 
The  notches  shown  on  the  ends  and  side  of 
the  guide  at  j,  j\  y  are  for  the  purpose  of 
quickly  making  the  zigzag  lines  to  represent 
resistance  coils,  dynamo,  motor  field,  etc. 
The  device  is  one  that  will  save  a  great  deal 
of  time  for  those  that  have  much  work  of  this 
kind  to  do. 

A  HANDY  BLOWPIPB  LAMP 

WW.  (hoen,  Dancrirke,  New  Zeakmd 

I  TAsiB  pleasure  in  submitting  to  the 
readers  of  Sgiencb  and  Ikdubtby  a  simple 
and  easily  made  blowpipe,  which  is  shown 
in  the  accompanying  illustration.  It  is  made 
from  a  piece  of  tube  about  6  inches  long, 
and  has  a  threaded  cap  on  top.  A  small 
piece  of  sheet  iron  or  brass  is  attached  aod 
held  in  place  by  a  band  that  allows  it  to 


slide  up  and  down  the  pipe,  and  a  pinhole 
pipe  is  fastened  at  a,  to  which  an  India 
rubber  tube  b  with  a  mouthpiece  is  attached. 
When  it  is  desired  to  use  the  blowpipe,  the 
cap  is  unscrewed,  enough  cotton  wick  e  is 
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pulled  oat  to  suit  the  requirements  of  the 
flame  deeired,  the  slide  is  pulled  up  and  the 
wick  lighted.  Then  by  blowing  in  the  tube, 
a  nice  clean  flame  that  can  be  regulated  to 


suit  the  needs  of  any  case  i^  produced.  Any 
one  needing  a  blowpipe  will  find  this  one 
▼ery  useful.  It  is  easily  made,  and  requires 
the  use  of  only  one  hand  to  manage  it. 


EDITORIAL  COMMENT 


ADVERTISING  RETURNS 


As  AN  instance  of  direct  returns  from 
advertising,  The  Burt  Mfg.  Co.,  of  Akron, 
Ohio,  rei>ort  that  they  are  crowded  with 
orders  as  the  result  of  an  illustrated  notice  of 
their  Burt  exhaust  head,  which  they  have 
only  recently  commenced  to  advertise,  and 
which  appeared  in  the  September  number 
of  this  magazine.  ''Any  article  of  merit," 
said  Mr.  Warden,  manager  of  the  company, 
''can  be  pushed  successfully  through  judi- 
cious advertising  in  the  trade  journals,  as  we 
have  demonstrated  to  our  own  satisfaction 
at  least." 

A  NEW  CATALOGUE 


J.  Elliott  Shaw  &,  Company,  the  electrical 
supply  people,  of  632  Arch  Street,  Philadel- 
phia, have  just  issued  a  brand  new  catalogue 
of  their  assortment  of  electrical  household 
supplies  and  novelties.  This  is  the  ninth 
catidogue  issued  by  this  enterprising  house. 
It  was  compiled  and  printed  by  a  well  known 
business  writer  of  Philadelphia  and  is  decid- 
edly interesting  from  cover  to  cover.  It 
contains  more  than  220  pages.  It  is  just 
the  sort  of  catalogue  in  which  any  one,  no 
matter  how  slightly  they  may  be  acquainted 
with  electricity  and  things  electrical,  will  be 
deeply  interested.  Any  one  desiring  a  copy 
can  have  it  by  writing  Messrs.  Shaw  <&  Co., 
632  Arch  Street,  Philadelphia,  and  enclosing 
two  two-cent  stamps. 


BOOK  NOTICE 


A  Textbook  of  Mechanical  Dbawino 
AND  Elementary  Machine  Design.  By 
John  S.  Reid  and  David  Reid.  Octavo,  389 
301  figures.  Price,  $3.00.  John 
ley  <&  Sons,  New  York. 

The  authors  are  instructq^  in  mechanical 
drawing  and  designing  at  Sibley  College, 
Cornell  University,  and  in  the  preface  they 
state  that  the  work  was  prepared  as  a  course 
for  sophomore  students  in  that  institution. 
There  is  an  introductory  chapter  giving 
general  instructions  for  the  selection,  use, 
and  care  of  the  instruments  required  by  the 
mechanical  draftsman,  an  explanation  of 
the  methods  of  representing  machine  details 


by  mechanical  drawings  and  of  the  most 
common  conventional  signs,  a  very  brief 
outline  of  the  strength  and  properties  of  the 
materials  used  in  machine  construction,  and 
a  number  of  tables  and  statements  of  useful 
facts.  Each  of  these  subdivisions  is  very 
brief,  and  the  tables  and  statements  of  facts 
will  be  found  useful  principally  in  connection 
with  the  problems  in  the  later  parts  of  the 
book. 

The  main  part  of  the  book  is  devoted  to 
instruction  in  the  methods  of  making  work- 
ing drawings  of  machine  details.  Empirical 
rules  and  formulas  for  the  design  of  such 
details  as  have  been  reduced  to  more  or  less 
generally  accepted  standards  are  freely  used, 
and,  in  a  few  cases,  simple  applications  of 
the  principles  involved  in  rational  designing 
have  been  introduced. 

The  book  is  illustrated  with  a  fine  set  of 
examples  of  the  construction  of  machine 
details,  many  of  the  cuts  being  made  from 
actual  working  drawings  of  some  of  the  best 
examples  of  modern  American  design.  In 
accordance  with  the  plan  of  the  course,  the 
student  is  to  make  working  drawings  partly 
of  details  designed  from  the  rules  and  for- 
mulas and  partly  copies  to  scale  of  the  details 
whose  dimensions  are  given.  By  following 
this  outline,  excellent  practice  in  machine 
drawing  and  familiarity  with  good  examples 
in  design  will  be  obtained;  the  knowledge  of 
real  machine  design  that  will  be  acquired 
will,  however,  be  small.  As  a  course  of 
instruction  in  the  application  of  mechanical 
drawing  to  the  representation  of  machine 
details,  the  work  before  us  is  one  of  the  best 
we  have  ever  seen,  but  it  seems  a  little  out 
of  place  to  speak  of  it  as  even  an  demenJtary 
course  in  design.  In  our  opinion,  there  is 
need  of  a  more  carefiil  distinction  between 
the  terms  mechanical  drawing  and  machine 
design.  If  such  distinction  were  more  closely 
observed,  much  of  the  misunderstanding 
concerning  the  purpose  and  scope  of  the 
courses  of  instruction  in  our  schools  and 
colleges  would  be  obviated,  and  there  would 
be  less  disappointment  with  the  results 
on  the  part  of  the  student  and  his  first 
employer. 
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IXoTE.— Address  aU  letters  containing  questions  to  be 
answered  in  this  department  to  SciXNCS  and  Industry, 
Scranton,  Pa, 

1.  Put  this  address  both  oti  the  envelope  and  at  the 
head  qf  the  letter, 

9.  Only  questions  qf  general  interest  to  our  readers 
'wOl  be  answered. 

5.    No  questions  will  be  answered  by  moC. 

U.  Drawings  or  sketches  aecompanying  questions  should 
be  made  on  a  separate  sheet  qf  paper,  and  should  be 
drawn  as  clearly  as  possible. 

5.  The  names  and  addresses  qf  the  writers  must 
aeeompany  the  letters,  or  no  attention  udU  be  paid  to 
them.  Unless  otherwise  requested,  we  wQl  pubUsh  only 
the  initials  and  address  qf  the  writer. 

6.  R^erence  to  inquiries  previously  answered  should 
give  date  qf  issue  and  number  qf  question, 

7.  Questions  cannot  be  antwered  in  the  issue  qf  the 
month  immediately  /oOovHng  their  receipL 

8.  Any  book  not  out  qf  print  and  /or  sale  by  regular 
dealers  may  be  ordered  through  the  magaxine. 

9.  We  win  not  undertake  to  ealeulaie  windings  qf 
dynamos  and  motors,  as  this  involves  considerable  work 
and  is  seldom  justified. 


(467)  (a)  Wbat  horsepower  can  be  developed  from 
the  water  flowlne  over  a  flat-crested  weir  under  the 
following  conditions:  Head,  or  depth  on  crest, 
2  feet;  length  of  crest,  24  feet;  total  fall,  12  feet. 
(b)  What  is  the  discharge  throagh  a  head  race  or 
flume  6  feet  wide  and  4  feet  deep,  with  a  head  of 
12  feet,  the  velocity  not  being  known?  (c)  What 
horsepower  can  be  developed  fW>ni  the  water  flowing 
through  such  a  flume?  W.  L.  L..  Ottawa,  Can. 

Ans.— (a)  The  quantity  of  water  flowing  over  the 
weir  depends  considerably  on  its  width  as  well  as  on 
the  length  and  head;  it  also  depends  on  the  velocity 
with  which  the  water  approaches  the  weir.  A  rough 
approximate  estimate  indicates  that  the  flow  Is 
nearly  200  cubic  feet  per  second.  With  this  flow  the 
theoretical  power  Is  about  270  horsepower.  If  we 
assume  that  a  waterwheel  delivering  60  per  cent,  of 
the  theoretical  power  is  used,  the  available  power 
becomes  162  horsepower.  (6)  It  is  impossible  with- 
out knowing  the  slope  or  rate  of  fall  to  estimate  the 
flow  through  such  a  flume  as  you  describe.  The 
velocity  of  flow  in  feet  per  second  r  may  be  estimated 

by  means  of  the  formula  v  =  Vg  g  ^  .  oTe'  ^  '^^^ 
r  is  the  quotient  obtained  by  dividing  the  area  of  the 
cross-section  of  the  flume  by  the  length  of  that  part 
of  the  perimeter  of  the  section  in  contact  with  the 
water,  and  s  is  the  rate  of  fall  of  the  flume,  equals 
the  difTerence  in  level  between  any  two  sections, 
divided  by  the  distance  between  them  measured 
along  the  flume.  Having  the  velocity  r,  the  dis- 
charge in  cubic  feet  per  second  is  found  by  multiply- 
ing by  the  area  in  square  feet  of  a  section  of  the 
flume,  (c)  The  theoretical  horsepower  can  be  cal- 
culated from  the  formula  H.  P.  =  .1132  Q  H,  in  which 
Q  is  the  discharge  in  cubic  feet  per  second  and  ^is 
the  fall  in  feet. 


(468)  (a)  What  is  the  constant  of  an  engine  with 
the  following  dimensions:  Cylinder,  26''  diameter 
and  60"  stroke;  diameter  of  piston  rod,  84|";  number 
of  revolutions  per  minute,  67;  boiler  presssxre,  100 
pounds.    (6)  How  is  the  constant  calculated? 

H.  H.  W.,  May's  Landing.  K.  J. 
Ans.— (a)  10.66.    (b)  An  engine  constant  is  the  indi- 
cated horsepower  for  1  pound  mean  efTective  pressure. 

PT  A  y 
It  is  calcuUted  firom  the  formula  I.  H.  P.  =  ^^ 

by  substituting  1  for  the  mean  effective  pressore  P, 

and  for  the  length  of  the  stroke  L,  the  area  of  the 

piston  A,  and  the  number  of  strokes  y  the  values 

corresponding  to  the  dimensions  and  speed  of  the 

engine.     For  your  engine  the  length  of  stroke  is 

X  «  5  feet;  the  arcft  of  the  piston  is  26*  X  .7864 

=  530.93  square  inches,  and  of  the  rod  (3^)'  X  .7F54 

=  11.42  square  inches;  the  mean  area  of  the  two 

**,.      .-*      .     .w       *         ^       530.98  X  2  - 11.42 
sidesof  the  piston  is,  therefore,  A  = ^ 

=  525.22  square  inches;  and  the  number  of  strokes 
per  minute  is  iV  «  2  X  67  =  134.     Substituting  in 
the  formula,  the  value  of  the  constant  is 
1X5X526.22X134        ._„ 

^.000  ^^^'^ 

By  multiplying  the  niean  effective  pressure  of  the 
engine  by  this  constant  the  indiq^ted  horsepower 
will  be  obtained. 

«  « 

(469)  Please  explain  the  action  of  the  revolving 
sprinkler  used  to  water  Uwns.  Virginia. 

Ans.— The  principle  of  this  aetion  is  of  the  jet  pro- 
pulsion. Water  escaping  at  pressure  from  a  hole  in  a 
vessel  tends  to  move  the  vessel  in  a  direction  opposite 
to  that  of  the  escaping  jet.  The  sprinkler  has  three 
arms  set  radially,  and  the  ends  of  these  arms  are  bent 
horizontally  at  a  slight  angle  with  the  main  body.  The 
arms  are  hollow  and  are  secured  into  a  kind  of  sleeve 
that  rotates  on  an  upright  stem  forming  the  body 
of  the  sprinkler,  which  is  also  hollow  and  oommuni- 
eates  with  the  water  hose  connection.  On  the  end  of 
each  arm  is  a  small  ball  with  half  a  dozen  holes  In  it. 
When  water  is  turned  on  it  flows  up  the  main  body  of 
the  sprinkler  and  thence  into  the  arms  and  escapes 
out  of  the  holes  in  the  ends,  the  reaction  of  the 
escaping  water  causing  the  combination  of  arms  and 
sleeve  to  rotate  around  the  sprinkler  body.  In  the 
upper  side  of  each  arm  is  a  small  hole  through  which 
the  water  comes  in  a  vertical  jet. 


(470)  Please  let  me  know  how  many  cubic  Inches 
of  gas  will  be  required  in  a  balloon  to  lift  a  weight 
of  1  lb.  F.  B..  St.  Louis,  Mo. 

Anb.— The  volume  of  gas  required  to  lift  a  w^bt 
of  I  lb.  depends  on  the  specific  gravity  of  the  gas 
as  compared  with  llr.  If  the  specific  gravity  of  the 
gas  Is  known,  the  weight  that  will  be  lifted  by  a 
cubic  foot  is  found  by  multiplying  the  weight  of  a 
cubic  foot  of  air  by  the  specific  gravity  of  the  gas 
and  subtracting  the  product  from  the  weight  of  the 
air.  For  example,  the  weight  of  a  cubic  foot  of  air 
under  ordinary  conditions  may  be  taken  at  .075  lb., 
and  the  specific  gravity  of  coal  gas  at  .6:  the  wel^t 
that  would  be  lifted  by  a  cubic  foot  of  the  gas  would 
then  be  .075  —  .076  X  .5  =  .0875  lb.  To  lift  1  lb.,  the 
volume  of  gas  requ.  d  would  be  l  -t-  .0875  »  26) 
cu.  ft.  =  46,080  cu.  in. 
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(471)  (a)  What  !•  aeetjlene  gas?  (b)  How  U  thli 
gsi  ceneratedT  (e)  How  oan  thii  gsi  let  fire  to  a 
wooden  ballding  ftom  the  pipes  that  run  through 
plastered  partitions  T        P.  V.  X.,  Worcester,  Mass. 

AMB.— (a)  Acetylene  gas  is  a  compound  of  carbon 
and  hydrogen.  Its  chemical  symbol  is  C^fli,  and  its 
composition  is  12  parts  of  carbon  to  1  of  hydrogen,  by 
weight,  or  92.S9(  carbon  and  7.7)(  hydrogen.  Its  den- 
sity compared  with  that  of  the  air  is  .91,  and  its 
weight  at  32^  F.  is  .078  lb.  per  cu.  ft.  It  is  poisonous  to 
breathe  in  about  the  same  degree  as  ordinary  illumi- 
nating gas.  (6)  Acetylene  gas  is  manufactured  by 
an  indirect  process.  The  first  step  in  the  process  is 
to  form  a  compound  of  carbon  with  calcium.  This 
is  done  by  subjecting  a  mixture  of  coke  and  lime  to 
the  intense  heat  of  an  electric  ftamace.  The  product, 
which  is  called  carbide  of  calcium,  is  a  gray  material, 
opaque,  somewhat  erystalline.  and  decomposes  water 
like  ordinary  quicklime.  The  second  step  in  the 
process  of  manufacturing  acetylene  gas  is  to  briug 
the  carbide  in  contact  with  water.  Both  materials 
decompose.  The  calcium  takes  up  oxygen  from  the 
water,  forming  oxide  of  calcium,  which  is  common 
quicklime.  The  carbon  combines  with  the  hydrogen 
of  the  water  and  forms  the  desired  compound,  acetyl- 
ene. Considerable  heat  is  given  off  during  the 
operation,  (e)  It  is  generally  understood  that  acetyl- 
ene gas  leaking  into  a  building  from  gas  pipes  can- 
not set  fire  to  the  woodwork  unless  the  gas  is  ignited, 
when  it  will  explode  with  greater  violence  than 
ordinary  illuminating  gas.  As  acetylene  possesses  a 
wider  range  of  explosiveness  with  air  than  any  other 
gas,  there  is  more  danger  to  the  building  from  leak- 
ing acetylene-gas  pipes  than  from  leaking  coal-gas 
pipes.  It  has  been  observed  that  all  mixtures  from 
3)t  to  82^  of  gas  with  air  will  explode,  and  no  other 
gas  possesses  so  wide  a  range.  The  only  way  by 
which  acetylene  gas  can  be  expected  to  set  fire  to  a 
building  is  from  ignition  or  explosion. 
* 
«  « 

(472)  (a)  Do  you  know  of  any  solution  that  cui 
be  applicMl  to  the  nickeled  parts  of  a  bicycle  that  has 
become  somewhat  rusted,  same  to  give  a  finish 
similar  to  nickelplatins  and  to  be  applied  with 
a  brush?  Is  there  an  aluminum  fluid  having  such 
properties?  (b)  What  is  the  method  of  truing  a 
bicycle  wheel  ?  S.  J.  &,  Brooklyn,  K.  Y. 

Am.— (a)  We  do  not  know  of  any  plating  fluid  that 
can  be  applied  with  a  brush  that  will  give  a  perma- 
nent finish  aiTniiAr  to  uickelplatlng.  A^n™<i^»"> 
metallic  paint  such  as  is  used  on  letter  boxes  would 
give  a  dull  finish  but  it  would  not  be  very  durable. 
We  think  your  best  plan  would  be  to  have  the  parts 
replated.  (6)  Wheels  are  trued  by  mounting  them 
between  centers  on  a  stand  made  especially  for  the 
purpose  and  revolving  past  a  fixed  point  so  that  the 
irregular  parts  may  be  noted.  The  rim  is  then  pulled 
into  iu  proper  position  by  tightening  or  loosening  up 
the  spokes.  The  truing  of  a  bicycle  wheel  requires 
considerable  skill  and  experience,  and  we  would 
advise  you  to  take  it  to  a  good  repair  man.  Inex- 
perienced hands  frequently  get  a  wheel  into  worse 
condition  than  it  was  before  they  started  to  work 
on  it. 

(478)  (a)  What  is  the  economical  point  of  cutoff 
in  a  single-cylinder  engine  with  a  steam  pressure  of 
80  pounds,  in  a  compound  engine  with  a  pressure 
of  120  pounds,  and  in  a  triple-expansion  ensine  with 
a  pressure  of  160  pounds,  all  condensing?  (o)  Please 
recommend  a  oood  book  on  the  locomotive— one 
containing  wor xlng  drawings  of  the  parts. 

J.  B.,  Central  Falls,  R.  I. 

Amb.— (a)  For  the  single-cylinder  engine,  about 
i  stroke.  For  the  compound  and  triple-expansion 
engines,  the  point  of  cut-off'  h  be  used  in  the  high- 
pressure  cylinder  depends  on  the  relative  sizes  of 


the  cylinders.  With  the  cylinder  ratios  most  often 
used,  cut-oflf  at  i  stroke  in  the  high-pressure  cylinder 
would  probably  give  the  most  satisfactory  results. 
(6)  **  Modem  Locomotives,"  price  87.00;  for  sale  by 
The  Technical  Supply  Oo.,  Scranton,  Pa. 

«•» 

(474)  (a)  How  shall  I  proceed  to  warm  up  and 
start  a  large  cross-compound  Greene  engine  with 
direct-connected  Jet  condenser?  Injection  water 
is  to  be  lifted.  (&)  Is  4,804.5  the  l.eth  power  of 
200?  (e)  Is  8.82&S4  the  .4th  power  of  200?  (d)  Is 
221,806,100,000  the  5.8th  power  of  200? 

J.  B.,  Central  FalU,  R.  I. 
Anb.— (a)  Without  knowing  the  exact  arrange- 
ment of  the  plant,  we  cannot  give  a  satlsliactory 
answer.  (6)  Yes.  (c)  No.  The  .4th  power  of  200 
is  6.82654.  (d)  No.  The  5.8th  power  of  200  is 
22,180,800,000,000.  We  have  used  tables  giving  loga- 
rithms to  6  places. 

•*. 

(475)  Please  give  your  opinion  on  the  following: 
When  is  the  stress  on  the  bolts  that  fasten  a  cylinder 


head  to  the  cylinder  greater:  when  the  eng^e  Is 
standing  without  steam  in  the  cylinder  or  when 
the  engme  is  working  under  ftill  messure? 

F.W.W.,  Laurel,  Miss. 
Anb.— This  is  an  old  question  for  which  no  satis- 
fsctory  answer  has  yet  been  given.  A  satisfactory 
explanation  of  the  reasons  for  our  opinion  on  the 
subject  would  require  too  much  space  for  these 
columns,  and  we  do  not  care  to  state  our  opinion 
without  an  outline  of  our  reasons  for  it. 


(476)  (a)  What  is  meant  by  "turning a  hammer? " 
(b)  How  many  kinds  of  "flU"  are  used  by  lathe 
hands  and  mechanics,  and  what  are  their  names? 

W.  H.  B.,  VlUisca,  Iowa. 
Anb.— (a)  We  have  never  heard  this  term  before. 
Perhaps  some  one  of  our  readers  can  enlighten  you. 
(5)  -There  are  four  kinds  of  fits,  in  general.  These  are 
known  by  the  names  of  driving  fit,  shrinking  fit, 
sliding  fit,  and  running  fit  To  these  may  be  added 
the  term  **  misfit,"  which  is  self-explanatory. 

••• 

(477)  Would  it  be  safe  to  pipe  a  20-horsepower 
engine  to  a  8  ft.  :^  7  ft.'vertical  Doiler  ?         A.  C.  D. 

Aifs.— It  will  be  safe  enough  to  pipe  the  engine  to 
the  boiler.  We  think  you  will  find  the  boiler  rather 
small,  however,  and  will  not  be  able  to  keep  up 
steam  without  forcing  the  fire  considerably. 


ELECTRICAL 


(478)  (a)  I  wish  to  construct  a  small  Wimshurst 
machine  having  sectors  and  using  two  24"  glass 
plates.  Is  there  a  certain  ratio  that  the  length  of  a 
sector  must  bear  to  the  radius  of  the  plate?  (6)  Is 
there  a  ratio  between  the  width  of  a  sector  ana  the 
distance  between  adjacent  sectors?  (e)  Should  the 
sectors  be  the  same  width  ttom  end  to  end,  or  should 
the  distance  between  adjacent  sectors  be  the  same  at 
both  ends?  (d)  About  what  length  of  spark  should 
the  above  machine  be  capable  of  fUmishing? 

A.  D..  Philadelphia,  Pa. 

AiiB.— (a)  The  sectors  used  on  Wimshurst  machines 
vary  considerably,  and  there  Is  no  fixed  rule  that  we 
know  of  that  determines  their  length.  In  fact,  some 
forms  of  the  machine  have  no  sectors  at  all.  (Gener- 
ally, however,  the  length  of  the  sector  is  in  the 
neighborhood  of  one-half  the  radius,  though  in  some 
machines  they  are  shorter  than  this,  (b)  The  width 
of  the  space  between  the  sectors  depends  largely  on 
the  number  of  sectors  used.  The  space  is,  however, 
seldom  less  than  the  average  width  of  the  sector. 
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and  if  in  most  cases  more,  (c)  The  sectors  are 
usually  made  tapered,  so  that  the  distance  between 
them  is  abont  the  same  ftom  end  to  end.  (d)  This 
depends  very  largely  on  the  condition  of  the  weather 
and  also  on  the  care  exercised  In  building  the 
machine.  If  everything  is  in  favorable  condition,  a 
machine  of  this  si2e  should  be  capable  of  giving 
sparks  from  5  in.  to  6  in.  in  length.  If  the  weather  is 
damp  or  if  the  insulation  of  the  machine  is  poor, 
yon  may  not  be  able  to  get  a  spark  of  more  than  half 
this  length. 

«•• 

(479)  The  accompanying  sketch  shows  two  110-volt 
fans  in  series  on  a  220-volt  circuit,  i^and  P  are  the 
fans  and  X  is  a  110- volt  lamp  receptacle.  Now  with 
P  cut  out  of  circuit,  and  a  lamp  screwed  into  the 
receptacle,  F  runs  up  to  speed  and  L  bums  up  to 
candlepower.    Now,  M  P\b  cut  in  circuit.  F  slows 

down  a  little  and 
F  turns  very  slow- 
ly. If  L  is  un- 
screwed, both  ftins 
run  up  to  speed. 
Am  I  right  in  say- 
ing that  L  and  P 
are  in  series  with 
F,  but  in  multiple 
with  each  other? 
If  so,  then  F  acts 
as  a  rheostat  and 
cuts  the  voltage 
nrom  220  to  110,. 
and  L  and  P  being 
in  multiple,  iihould 
both  get  the  same 
voltage.  They  evi- 
dently do  not  get 
the  same  voltage.  Please  show  me  where  I  am 
wrong,  and  if  there  is  ajnlnciple  underlying  this 
fact,  please  give  it.      N.  R.  B.,  Atlantic  City,  N.  J. 

AN0.— It  is  quite  correct  to  say  that  L  and  P  are  in 
parallel  with  each  other  and  the  two  in  series  with 
F.  Suppose  that  lamp  L  is  screwed  out  and  that  jP 
and  P  are  cut  in.  The  two  fans  will  then  be  in 
series  and  will  run  at  the  same  speed  if  they  are 
alike.  We  will  then  have  a  certain  current  flowing 
through  F  and  F'.  Now,  if  L  is  cut  in,  F'  and  L  are 
in  parallel  with  each  other,  so  that  only  a  portion  of 
the  former  current  flows  through  F',  The  result  is 
that  its  torque  or  twisting  effort  is  decreased  greatly 
and  it  therefore  runs  slowly.  F  gets  more  than  its 
share  of  the  voltage,  since  the  counter  E.  M.  F.  of/" 
becomes  smaller  owing  to  the  decreased  speed.  Of 
coarse,  the  voltage  across  F'  and  L  is  the  same,  but 
it  is  not  the  same  as  that  across  F,  and  the  fact  that 
the  voltage  across  F'  is  low  is  indicated  by  the  lamp 
burning  dimly.  You  state  that  F  slows  down  a  little, 
but  it  would  seem  as  though  it  should  speed  up 
slightly  on  account  of  the  increased  voltage  across 
its  terminals. 


(4S0)  (a)  I  have  a  2S0-volt,  1  H.  P.  motor  that 
requires  a  current  of  4  amperes.  I  would  like  to 
connect  it  to  a  500-volt  circuit  without  having  the 
windings  changed.  I  propose  to  do  this  by  placing 
a  number  of  lamps  between  the  line  and  the  motor, 
so  as  to  cut  down  the  voltage.  If  you  thin  k  this  will 
work  all  right,  let  me  know  the  proper  volt  lamps  to 
use  and  how  many.  (&)  Would  it  be  more  expen- 
sive to  operate  the  motor  in  this  way  than  to  use  a 
1  H.  P.  500-volt  motor  if  I  connect  the  wattmeter 
across  the  motor  and  not  across  the  line? 

J.  S.  G..  Carlisle.  Fa. 

Ans.— (a)  This  arrangement  will  work  fairly  well 
if  the  motor  runs  under  a  steady  load.  You  must 
bear  in  mind  that  if  the  current  varies,  the  drop 
through  the  resistance  will  vary,  and  hence  the 
voltage  applied  to  the  motor  will  change,  thus  giving 
rise  to  very  poor  speed  regulation.  If  the  armature 
took  very  little  current  at  any  time,  the  voltage 
might  rise  high  enough  to  give  an  unsafe  speed  or 


perhaps  bum  out  the  field.  If,  however,  the  current 
remains  approximately  at  4  amperes,  the  motor 
will  operate  all  right.  You  can  use  fifteen  82  c.  p. 
110-volt  lamps  connected  three  in  series  and  five  in 
parallel.  This  will  work  the  lamps  at  a  low  tem- 
perature and  make  their  life  long.  (6)  The  oper- 
ating expenses  would  be  the  same  in  either  esse,  ss 
you  are  not  measuring  the  power  wasted  in  the 
lamps.  If  this  were  taken  into  account,  the  230-voU 
motor  would  be  much  more  expensive,  as  over  half 
the  power  supplied  from  the  line  is  wasted.  The 
500-volt  motor  would  no  doubt  be  much  more 
satisfactory  as  regards  speed  regulation  and  general 
operation. 


(48 
bells 


481)    (a)  In  the  accompanying  sketch.  Fig.  1, 
"~  Ay  B,  and  C  are  rung  from  button  A  when 


switch  S  is  closed.  Give  a  diagram  showing  how 
button  B  can  be  connected  to  ring  bell  B  alone  and 
button  C  to  ring  bell  C  alone,  when  switch  5  is  open 
and  without  putting  in  any  more  leads  to  cells 
Bu  Bt,  and  Bt.  (b)  Kindly  give  directions  for  ma- 
king an  accumulator  to  be  charged  flrom  ten  cells  of 
crowfoot  battery.         B.  R.  W.,  Washington,  D.  C. 

Ans.— (a)  Fig.  2  shows  a  scheme  of  conneetioDS 
that  may  serve  your  purpose.    With  thla  arrange- 


ment, it  is  necessary  to  use  a  switch  5  having  two 
contact  points  1,  2.  Also  a  wire  Ckb  must  be  run 
from  C  to  connect  with  the  wire  running  from  A  to 
the  battery.  It  can  be  tapped  in  anywhere  between 
A  and  X,  but  you  must  be  sure  to  get  it  on  the  battery 
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dde  of  the  posh.  The  dUgram  will  explain  Itselt. 
When  5  is  open  and  A  ii  poshed,  bell  A  rings.  When 
B  is  poshed.  B  rings,  and  when  C  is  poshed,  C  rings. 
When  S  is  closed  and  A  poshed,  all  three  hells  ring. 
(6)  The  ordinary  type  of  storage  cell  is  soitable  for 
this  porpose.  See  article  entitled  "  How  to  Make  a 
Storage  Battery,"  in  the  Jone,  1900,  nomber  of  this 
magazine.    Use  aboot  foor  cells. 

(482)  I  have  two  private  telephone  lines  coming 
into  my  hoose.  bat  I  have  only  one  telephone 
instmment.  How  can  I.  by  the  ose  of  an  extra 
bell  only,  arrange  the  bell  and  the  telephone  so  that 
either  line  can  ring  me  op.  and  no  that  I  can  switch 
the  telephone  on  either  line  when  I  answer?  I  do 
not  wish  to  porchase  an  extra  telephone  instrument 

or  box.  SUBSCRIBXB. 

AMR.— Yoo  have  not  stated  whether  yoor  lines  are 
complete  metallic  or  earth  retom,  so  it  will  be 
necessary  to  show  yoo  how  to  do  it  for  both  systema 
You  will  need  one  polarised,  or  extension,  bell, 
as  it  is  comaonly  called.  A  battery  vibrating  bell 
will  not  answer  the  porpose,  if  yoo  have  the  ordi- 
nary magneto-generator  and  bell  in  yoor  telephone 
instmment.  In  Fig.  1.  T  represents  yoor  regolar 
telephone  set  or  box,  E  an  extension  bell,  O  the 
groond,  and   H  a  mercory-cop  reversing  switch. 


The  two  oopper  wires  like  y  can  be  fisstened  throogh 
holes  In  a  thin  board,  the  same  sise  as  the  block, 
4  in.  X  4  in.,  so  that  it  will  only  be  necessary  to  lift 
this  thin  board,  torn  it  one-qoarter  of  a  revolotion 
either  way,  and  drop  it  again  so  that  the  ends  of  the 
oopper  wires  dip  into  the  mercury  in  the  holes.  This 
will  reqoire  only  an  instant.  If  yoo  prefer,  and  it 
woold  undoubtedly  look  neater,  you  can  purchase  a 
reversing  switch,  like  the  one  shown  in  Fig.  2,  that 
will  accomplish  the  same  porpose  as  the  mercory 
switch.  In  this  flgore,  the  same  letters  de»ignate 
the  same  parts  as  in  Fig.  I.  The  switch  H  consists  of 
two  brass  strips  m  and  n  connected  by  an  insolatlng 
strip  p  of  hard  robber  or  fiber  with  a  handle  at  the 
center.  When  the  switch  is  over  to  the  left,  yoo 
have  T  in  line  1  and  E  in  line  2.  When  poshed  over 
to  the  right,  T  is  in  line  2  and  E  in  line  1.  If  yoor 
lines  are  complete  metallic  it  complicates  the  con- 
nections, reqoiring  really  the  eqoivalent  of  two 
reversing  switches.  The  arrangement  is  shown  in 
Fig.  8.  The  swiUSh  H  has  foor  brass  connecting 
strips,  bot  all  shoold  be  controlled  by  one  handle. 
A  switch  of  this  kind  most  be  very  sobstantial  and 
well  made,  or  the  contacts  are  liable  to  give  yoo 
considerable  trooble.  If  yoo  cannot  readily  tell 
which  line  is  calling  by  the  difforenoe  in  the  tone  of 


£in^  / 


line/. 


Line  2 


Ltn^i 


Fio.  1  FlO.  2 

This  reversing  switch  can  be  made  out  of  a  block  of 
hard  wood  4  In.  square  by  at  least  1}  in.  thick.  Bore 
near  the  comers  (not  too  near,  however)  four  \" 
holes,  1|  in.  deep,  and  so  that  hole  a  will  be  equally 
distant  fh>m  holes  6  and  c,  and  hole  d  exactly  the 
same  distance  flrom  h  and  c  that  a  is  fh>m  6  and  c.  Be 
careftil  not  to  let  the  point  of  the  bit  make  the 
slightest  hole  through  the  bottom  of  the  wooden 
block,  otherwise  the  mercory,  with  which  the  holes 
are  to  be  nearly  filled,  will  leak  oot.  The  wires 
ronning  to  the  holes  shoold  have  their  ends  scraped, 
bent  into  a  small  flat  spiral,  and  fastened  by  a  short 
tack  in  the  bottom  of  the  holes.  The  tack  must  not 
be  so  long  as  to  pierce  the  bottom.  Bend  two  pieces 
of  bare  copper  wire,  not  smaller  than  No.  12  B.  <&  S., 
into  the  shape  shown  at  y,  so  they  will  reach  from 
one  hole  to  another,  and  the  ends  nearly  reach  the 
bottoms  of  the  holes.  Fill  the  holes  about  two-thirds 
fhll  of  mercury.  Then,  when  the  two  oopper  wires 
connect  a  with  c  and  6  with  d,  as  shown  by  the  fhll 
lines  on  the  switch  J7,  you  will  have  the  telephone  T 
in  line  1  and  the  extension  bell  E  in  line  2.  If  a 
call  comes  in  over  line  2,  shift  the  oopper  wires  so  as 
to  connect  a  with  6  and  c  with  d;  then  you  will  have 
the  telephone  T  in  line  2  and  the  extension  bell  E  in 
line  1;  and  you  can  talk  over  line  2  and  still  get  a 
call  if  one  comes  in  over  line  1  in  the  meantime. 


Fg.  3 


the  two  bells,  or  if  you  desire  to  know,  after  being 
out  of  hearing  of  the  bells,  whether  either  have 
called,  use  the  telephone  call  indicator  illustrated 
and  described  on  page  410  of  the  August,  1900,  issue 
of  Science  and  Industry. 


(483)  (a)  I  have  three  Lundell  ceiling  fans  run- 
ning in  series  on  a  500-volt  direct-current  circuit. 
They  have  been  running  two  seasons  without  any 
trouble.  Two  of  them  are  115  volt  and  the  other  220 
volt.  One  of  them  burned  out  recently.  Is  it 
policy  to  run  fans  of  diftereut  volUges  m  series,  and 
to  what  do  you  attribute  the  above  trouble?  (6)  I 
wish  to  make  several  hundred  spark  coiln  to  be  u»ed 
for  igniting  gasoline  enginea  Piea»e  give  your  idea 
as  to  the  best  coil  for  the  purpose,  giving  dimensions 
of  coll,  size  of  wire,  number  of  layers,  etc.  (c)  Wbat 
are  the  best  acids  to  use  for  finishing  brsss  castings 
for  fixtures?  I  want  old  gold  or  bright  finish.  Wbat 
will  remove  dirt  and  grease  from  brass,  preparatory 
to  finishing?  (d)  Is  there  any  institution  in  America 
that  will  answer  qncKtlons  on  electrical  subjects  by 
mail?    If  so,  please  give  name  and  address. 

J.  L.  D.,  Lansing,  Mich. 

Ans.— (a)  It  is  not  generally  a  good  plan  to  run 
motors  of  different  voltsges  in  series  across  constsnt- 
potential  mains.  Thell5-volt  motors  would  have  a 
larger  current-carrying  capacity  than  the  220-volt, 
and  a  current  that  would  be  perfectly  safe  for  them 
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might  grefttly  overload  the  220-yoU  motor.  Of  ooune, 
the  bam-ont  may  have  been  due  to  defective  iniola- 
tlon  or  other  caases,  henoe  it  is  not  ponlble  for  ns  to 
■tate  the  cause  definitely,  (b)  If  you  are  going  to 
make  several  hundred  coils,  we  would  advise  you 
to  look  carefully  into  the  matter  of  dimensions,  as  it 
is  a  point  on  which  there  is  considerable  difference 
of  opinion.  It  might  be  worth  while  to  make  up  a 
few  experimental  coils  and  try  them.  We  assume, 
of  course,  that  you  intend  making  Jump-spark  coils, 
as  this  is  the  kind  most  generally  used  at  present. 
The  following  dimensions  are  recommended  by 
Stoddard:  Length  of  coil,  8  in.;  outside  diameter, 
^  in.;  diameter  of  core.  I  in.  Primary,  2  layers  No.  14 
or  16  B.  &  B.  Secondary  wound  to  diameter  of  8|  in. 
with  No.  82  or  86  B.  &  8.  Use  six  cells  of  battery. 
For  further  particulars,  we  would  refer  you  to  an 
article  in  "The  Horseless  Age,"  beginning  May  23, 
1900,  on  *'  The  Construction  of  a  Jnmp-Spark  Coil,"  by 
£.  J.  Stoddard,  (e)  For  dipping  brass  castings,  pro- 
ceed as  follows :  First  clean  the  castings  of  grease 
and  dirt  by  dipping  them  in  a  hot  solution  of  caustic 
potash  KOH.  Then  dip  them  into  hot  water.  Next 
dip  them  into  add  made  of  2  parts  sulphuric  add  to 
1  part  nitric  add,  with  a  slight  amount  of  salt  added. 
If  castings  come  out  too  red,  add  more  sulphuric 
add.  If  too  white,  add  more  nitric  add.  Dip  as 
quickly  as  possible,  and  then  at  once  plunge  into 
dear  water  and  afterwards  dry  in  sawdust.  You  can 
give  almost  any  color  you  wish  to  the  parts  by  using 
different  shades  of  lacquer,  (d)  The  International 
Correspondence  Schools,  Scranton,  Pa.,  answer  ques- 
tions on  electridty  by  niail  when  these  questions  are 
in  relation  to  the  course  of  study  that  the  student  is 
pursuing.  If  you  desire  information  on  special  lines 
of  work,  you  can  obtain  it  by  writiog  to  almost  any 
consulting  declrical  engineer. 
* 
»  » 

(484)  I  have  an  induction  coil  wound  for  a  5" 
spark  and  have  tested  the  same,  using  a  current  of  6 
amperes  at  a  pressure  of  10  volts  for  the  primary. 
The  primary  consists  of  100  turns  of  No.  14  B.  «b  8.  I 
find  that  when  I  use  one  condenser  of  about  2 
microfisrads  capadty,  the  spark  is  about  8  in.  In 
length.  When  I  use  two  condensers,  each  of  the 
above  capadty.  and  place  them  in  parallel,  the 
spark  at  the  vibrator  is  naturally  diminished,  but, 
contrary  to  expectations,  the  secondary  spark  is  also 
lessened  in  length.  Now,  when  the  condensers  are 
placed  in  series,  giving  a  capadty  of  only  1  micro- 
ntrad,  the  spark  at  the  make-and-break  is,  of  course, 
not  diminished,  but  the  secondary  spark  is  longer 
than  with  dther  of  the  other  arrangements,  {a) 
Is  the  above  due  to  self-induction  T  (6)  Should  the 
current  in  the  primary  be  increased  ? 

C.  J.  K..  andnnati,  Ohio. 

Anb.— (a  and  6)  The  length  of  spark  that  a  coil 
gives  depends  not  only  on  the  strength  of  the  inl- 
mary  current  but  also  on  the  rapidity  with  which  this 
current  dies  away  when  the  secondary  circuit  Is 
broken  by  means  of  the  contact  maker.  The  primary 
always  has  a  certain  amount  of  sdf-inductlon  that 
makes  the  primary  drcuit  act  as  if  it  possessed 
inertia,  and  this  tends  to  maintain  a  spark  when 
the  -circuit  is  broken.  If  the  spark  holds  over  to 
any  extent,  the  primary  current  does  not  decrease 
rapidly,  and  the  secondary  spark  becomes  shortened. 
The  capadty  tends  to  neutralise  the  self-induction, 
and  the  current  would  decrease  most  rapidly  when 
the  capadty  was  Just  sufficient  to  neutralise  the  self- 
induction  .  If  more  capadty  were  used,  the  sparking 
at  the  break  might  be  less,  but  the  charging  current 
would  prevent  the  sudden  decrease  in  the  core  mag- 
netism necessary  for  a  long  spark.  In  this  case,  it 
appears  that  the  capadty  of  1  microfarad  is  in  better 
proportion  in  relation  to  the  primary  inductance 
than  the  other  capadties,  hence  the  longer  spark. 
It  must  be  remembered  that  if  the  capacity  is  adjusted 


to  the  best  value  for  a  given  firequency  of  the  vibra- 
tor, it  will  not  necessarily  give  the  best  resulta  if  the 
firequency  is  changed.  Increasing  the  primary  cur- 
rent would  increase  the  length  of  spark  to  some 
extent,  bat  would  be  likely  to  give  rise  to  trouble  at 
the  contact  maker. 

•** 

(486)  I  would  like  to  ask^for  a  diagram  of  the 
incandescent  lighting  circuit  as  it  Is  used  on  can. 
There  are  ten  Ughts  in  the  car,  and  two  on  each 
platform.  One  turn  of  the  switch  Ughts  the  front 
platform  and  all  the  lights  in  the  car;  the  second 
turn  extinguishes:  the  third  turn  lights  the  rear 
platform  and  all  lights  in  the  car,  and  the  fourth 
turn  extinguishes.  There  are  no  headlights  in  con- 
nection with  the  circuit.      W  H.  M..  BufiQdo.  N.  Y. 

Amb.— The  accompanying  figure  shows  one  method 
of  wiring  up  a  car  so  as  to  accomplish  the  above  condi- 


^ar^¥at/k)rm 


tions.  The  switch  is  connected  to  the  trolley  wire 
through  a  ftise  block  F.  B,  A  three-point  switch  is 
connected  as  indicated .  Putting  the  switch  on  point 
1  will  light  the  front  platform  pair  of  lights  and  the 
car  lights.  The  next  podtion  will  put  all  the  lights 
out;  the  third  podtion  will  light  the  rear  platform 
lights  and  the  car  lights,  and  the  off  podtion  will 
extinguish  all  the  lights.  A  three-point  snap  switch 
adapted  for  use  on  a  500-volt  circuit  should  be  used. 

•*• 

(486)  Will  you  kindly  inform  me  whether  the 
Edison  three-wire  system  of  power  distribution  in 
at  present  controlled  by  patents,  or  can  it  be  used 
by  any  one?  W.  P.  M.,  Shamokin,  Pa. 

Aks.— The  patents  on  the  Edison  feeder  and  main 
system,  which  is  used  extensivdy  in  connection 
with  three-wire  distribution,  have  expired,  and  we 
believe  the  three-wire  patents  have  also  expired. 
We  would  advise  you,  however,  to  consult  a  patent 
attorney  and  find  out  Just  what  patents  relating  to 
the  system  have  become  pnbllc  property,  belbre 
udng  it. 

•*♦ 

(487)  (a)  What  U  meant  by  the  logarithmic  de- 
crement of  an  angle?  (b)  Please  give  an  answer  to 
the  following  formula,  using  your  own  figures: 


sin 


:  self- 


w  =  2rn,  J2  ^  resistance aUo reactance,/; 
induction,  C  =  capacity. 

J.  B.,  Central  Falls,  B.  I. 

AiiB.~(a)  The  term  logarfthmle  decrement  is  oaed 
in  connection  with  the  damping  eiltet  on  the  needle 
of  a  ballistic  galvanometer,  and  is  used  in  calculating 
the  amount  by  which  the  angle  or  throw  of  the 
needle  is  diminished  by  damping.  The  logarithmic 
decrement  is  little  used  in  practical  work,  and  a 
complete  explanation  regarding  it  would  require 
more  space  than  we  can  aflbrd.  Yon  will  find  it 
explained  in  Stewart  and  Gee's  "Elementary  Prac- 
tical Physics,"  Vol.  II,  p.  867.  (6)  This  equatioo 
occurs  in  connection  with  alternating  eurrenta  and 
gives  the  value  of  the  current  i  at  any  partioalar 
Instant  t,  in  a  drouit  containing  resfstanee,  self- 
induction,  and  capadty.   The  equation  is  very  sel- 
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dom  lued  in  practical  work«  because  we  are  hardly 
ever  oonoemed  with  the  value  of  the  current  at  any 
particular  instant.  What  is  usually  needed  is  the 
virtual  or  eifieciive  value.  In  this  equation,  R  does 
not  equal  the  resistance  and  reactance,  as  you  state. 
It  equals  the  resistance  only.   The  reactance  in  this 

case  is  equal  to  (^ Xwj.    In  order  to  illustrate 

the  solution  we  will  take  the  following  values: 
E  »  maximum  value  of  the  E.  M.  P.  =»  100  volts; 
B  =  10  ohms;  L  =  .0025  henry;  C  —  100 microfiftrads, 
or  .0001  farad:  «  »  400;  and  t  =  .002  second.  We 
have  then 

100 


V'^+(;oooi^--^ 

■^{^><-««^^°-^(.0001X10X400 
.0026  X  400\  \ 

10         M' 
100 


=.8in|.8  +  tan-(A-.l)}; 


^ioo+(-^-iy 

i  =   }^_s  sin  1.8  +  tan-i  2.4} . 

Now, »  is  expressed  in  radians  per  tecond,  hence 
the  .8  appearing  in  the  latter  part  of  the  equation 

is  .8  radian^  and  1  radian  =  -^— ;  hence  .8  radian 

=  -s—  X  .8  =»  450  50',  approximately.   The  angle 

whose  tangent  is  2.4  is  about  67<*  24';  hence  we  have 
i  >-  8.85  Bin(45o  50^  +  670  24') 
»  8.85  Sin  1180  14^  =  8.85  X  .92  »  8.542  amperes, 
approximately.  In  substituting  in  the  above  equa- 
tion the  capacity  C  must  be  expressed  in  farads,  not 
microfarads. 

•% 

(488)  I  have  a  dynamo  capable  of  delivering  a 
current  of  .5  ampere  at  a  pressure  of  4  volts.  If  I 
connect  a  small  storage  battery  and  lamp  In  parallel 


across  the  dynamo  terminals  (lamp  requires  .6  amp. 
and  4  volts),  will  the  lamp  light  up  to  its  fhll 
candlepower  r   If  the  speed  of  the  dynamo  increases, 


will  it  charge  the  battery,  and  if  the  speed  decreases, 
will  the  battery  ftumlsh  current  to  light  the  lamp  to 
ftill  candlepower?        E.  P.  B.,  Farmlngton,  Goun. 

Ana.— If  the  speed  of  the  dynamo  is  such  that  its 
voltage  is  higher  than  that  of  the  battery,  the  latter 
will  be  charged  and  the  lamp  will  also  bum  at  fhll 
oandlepowtf ,  or  somewhat  over  candlepower,  pro- 
vided the  dynamo  can  furnish  the  current.  You 
most  remember,  however,  that  if  the  lamp  requires 
.5  ampere  and  the  capacity  of  the  machine  is  only 
.5  ampere,  the  dynamo  would  probably  be  much 
overloaded  if  you  attempted  to  run  the  lamp  and 
charge  the  battery  at  the  same  time.  If  the  speed 
decreased,  the  battery  would  run  the  lamp,  but  it 
would  also  discharge  back  through  the  dynamo  and 
run  it  as  a  motor  if  you  do  not  have  some  means  for 
cutting  the  dynamo  out.  We  think  your  best  plan 
would  be  to  charge  up  the  cells  by  themselves  and 
then  use  them  to  operate  the  lamp,  and  not  attempt 
to  run  the  two  in  parallel  with  such  a  small  outfit 
as  this  is. 


(489)  Will  you  kindly  inform  me  as  to  where  I 
can  purchase  a  complete  outfit  for  electroplating? 
I  do  not  care  to  purchase  a  large  or  an  expensive 
one.  I  would  like  to  experiment  and  also  learn  to 
electroplate  as  a  business  renture. 

C.  H.,  Edgemoor,  Del. 

Amb.— Yon  can  obtain  electroplating  supplies  of  all 
kinds  from  Hanson,  Van  Winkle  &  Co.,  Newark, 
N.  J.,  or  fh>m  Zncker,  Levett  &  Loeb  Co.,  New  York. 


Either  of  these  firms  should  be  able  to  equip  yon 
with  almost  any  style  of  outfit  you  may  desire. 


(490)  (a)  Please  explain  how  I  can  test  an  arma- 
ture for  short  circuits  after  it  is  connected  to  the 
commutator  and  before  using  it  on  the  road,  (b) 
I  would  like  to  inquire  in  regard  to  my  question  No. 
175  in  the  April  number  as  to  how  I  can  test  the 
voltage  of  the  No.  2  motor,  (c)  Uow  is  it  that  when 
two  500-volt  motors  are  connected  In  series  across  a 
400- volt  circuit  and  placed  on  the  fioor,  Nos  1  and  2 
will  start  but  No.  2  will  slow  down  and  stop  while 
No.  1  will  keep  on  running? 

A.  F.  B.,  Harrisburg,  Pa. 

Ans.— (a)  A  method  of  testing  armatures  for  short 
circuits  was  given  in  the  July  number  of  this  maga- 
slne.  Another  way  is  to  mount  the  armature  in  a 
field  magnet  and  then  excite  the  field  separately 
while  the  armature  is  driven  at  its  normal  speed 
firom  another  motor  or  any  other  source  of  power. 
If  there  are  any  short  dreuits,  the  coils  containing 
them  will  soon  get  hot  and  bum  out.  One  of  the 
best  methods  is  shown  in  the  accompanying  figure, 
^isalaminated  ircm  eore  built  up  to  the  same  length 
as  the  core  of  armature  B,  and  provided  with  polar 
projections  p,  p  corresponding  to  the  motor  poles.  A 
is  allowed  to  rest  on  the  armature  core  and  an  alter- 
nating current  sent  through  coil  e.  B  is  moved 
around  so  as  to  bring  the  various  portions  of  the 
armature  under  the  poles,  and  if  there  are  any  short- 
circuited  coils  pres- 
ent, they  will  soon 
show  it  by  getting 
hot.  (6)  Connect 
the  voltmeter  di- 
rectly across  the 
terminals  of  the 
No.  2  motor.  Of 
course,  if  the  No.  2 
motor  does  not  run , 
the  voltage  may  be 
so  small  that  you 
will  have  difliculty 
in  reading  it.  (c) 
In  your  previous 
inquiry  we  suppos- 
ed that  you  re- 
ferred to  ordinary 
shun^wound  mo- 
tors and  not  series 
motors.  I  f  t  w  o 
series  motors  are 
connected  in  series 

across  a  constant-potential  circuit,  they  are  unstable 
in  their  action  unless  they  are  geared  together  so 
that  they  will  both  be  compelled  to  ran  at  the  same 
speed.  See  Answers  to  Inquiries,  No.  895,  in  the 
August  issue.  When  the  motors  are  on  a  car  they 
are  compelled  to  run  at  the  same  speed  unless  the 
wheels  slip,  hence  they  will  operate  all  right  and 
the  load  will  divide  between  them. 


(491)  Will  three  wires  of  the  calculated  capacity 
of  a  single  one  really  carry  more  current,  and  why  ? 
W.  H.  B.,  Villisca,  Iowa. 

AN8.~We  are  not  sure  that  we  understand  the 
above  question  correctly,  but  take  it  to  mean  that 
the  single  wire  has  a  cross-section  equal  to  the  other 
three  combined.  For  a  given  rite  in  temperature 
the  total  current  carried  by  the  three  wires  would 
be  greater  than  that  carried  by  the  single  wire, 
because  the  amount  of  heat  liberated  per  unit  of 
area,  say  per  square  inch,  is  smaller  in  case  the 
three  wires  are  used.  In  other  words,  the  number 
of  small  wires  allows  better  radiating  capacity. 
The  Underwriters'  tables  are  based  on  temperature 
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ilM,  and  they  allow  24  amperes  for  a  No.  10  rubber^ 
covered  wire  and  only  65  amperee  for  a  No.  4, 
which  has  four  times  the  cross-section  of  the  No. 
10.  If,  however,  yon  are  flguring  on  a  line  to  give 
the  same  drop  in  voltage  in  each  case,  the  com- 
bined cross-section  of  the  wires  in  parallel  mnst  be 
equal  to  the  single  wire,  and  the  total  current  must 
be  the  same  in  both  cases. 


(492)  Please  give  directions  for  making  a  thermo- 
lle  that  will  give  2  or  8  volts.  I  wish  to  use  sheet 
on  and  sheet  copper  or  lead,  and  intend  to  heat  it 
by  means  of  a  spirit  lamp  or  gas  burner.  If  it  is  not 
possible  to  use  the  metals  mentioned,  what  ones  can 
I  use?  If  you  cannot  give  the  aboye  directions, 
please  refer  me  to  some  book  on  the  subject. 

6.  8.  P.,  Dorchester,  Mass. 
Aivs.— A  thermopile  may  be  made  of  iron  and  cop- 
per, or  iron  and  lead,  but  such  a  pile  la  not  very 
durable.  The  iron  oxidises,  and  there  is  always 
more  or  less  danger  of  melting  the  lead.  The  best 
metals  to  use  are  bismuth  and  antimony,  though 
iron  and  an  alloy  of  antimony  and  zinc  is  sometimes 
used.  Instructions  for  making  a  thermopile  would 
take  up  more  space  than  we  have  at  our  disposal; 
you  will  find  directions  for  making  one  in  a  book 
entitled,  "Electrical  Instrument  Making  for  Ama- 
teurs," by  8.  R.  Bottone.  which  may  be  had  fh>m 
The  Technical  Supply  Co.,  8oranton,  Pa. 


(498)  (a)  Where  can  I  learn  the  telephone  busi- 
ness? (&>)  What  is  the  quickest  and  best  method  and 
what  ought  I  to  expect  while  learning?  (c)  What 
pay  does  the  manager  of  an  exchadge  of  200  or  800 
subscribers  usually  receive?  (d)  What  is  the  pay  of 
a  telephone  lineman  or  an  inspector? 

Wm.  B.  Lu  D.,  Jb.,  New  Petersburg,  Ohio. 

An8.— (a)  Secure  a  position  with  some  telephone 
company  and  take  the  Telephony  Course  of  The 
International  Correspondence  Schools,  (b)  The 
quickest  and  best  method  is  to  study  the  subject 
thoroughly  while  employed  in  the  business.  From 
980  to  960  a  montlu  (c)  From  900  to  880  a  month, 
(d)  A  liueman  gets  tsom  92  to  98  a  day,  according  to 
his  ability.  An  inspector  gets  from  960  to  980  a 
month,  depending  on  the  size  of  the  exchange  and 
the  amount  of  responsibility  given  him. 


(494)  (a)  Will  you  please  give  me  a  method  of 
preventing  the  oxidaUon  of  a  wire  when  brought 
to  about  mPotWPF.  with  an  electric  current f  I 
would  rather  have  it  in  a  paste  if  possible,  {b)  I 
would  also  like  to  know  where  I  can  buy  some  porce- 
lain enamel.  L.  L.,  Quebec,  C^n. 

Ans.— (a)  You  might  bed  the  wire  in  Portland 
cement  or  any  other  cement  that  will  harden  and 
adhere  firmly.  Another  way  would  be  to  wind  the 
wire  on  an  enameled-lron  cylinder  and  cover  it 
with  enamel.  This  latter  is  a  patented  process.  The 
wire  may  be  protected  for  a  time  by  coating  it  with 
silicate  of  soda  or  water  glass,  but  this  covering  is 
not  very  durable,  (b)  We  do  not  know  where  you 
can  get  this,  unless  fh>m  some  porcelain  manu- 
facturer. You  might  try  R.  Thomas  &,  Sons,  East 
Liverpool,  Ohio,  or  Pass  &  Seymour,  Syracuse,  N.  Y. 


(495)  What  metals  are  used  for  fuse  wire  in  elec- 
tric work?  A.  R.,  Orange,  N.  J. 

Ans.— There  are  a  variety  of  metals  used  for 
making  fose  wire.  Ordinary  fuses  are  usually  made 
of  a  mixture  of  lead  and  bismuth,  and  vary  greatly 
in  composition,  some  ftises  being  much  harder  than 
others.  On  street  cars.  No.  12  or  14  copper  wire  Is 
generally  used.  For  alternating-current  work,  fhses 
of  aluminum  have  been  used  quite  largely,  and 
appear  to  be  satisfactory. 
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(496)  (a)  Kindly  inform  me  whether  the  iron 
truss  shown  in  the  enclosed  sketch  is  capable  of 
susteining  safely  the  load  marked  on  the  sketch, 
(b)  If  not,  please  sUte  what  load  it  will  support 
safely,  and  give  formulas  for  computing  same. 

A.  J.  J.,  Worcester,  Mass. 
Ams.— (a)  By  computing  the  stresses  in  the  mem- 
bers of  the  truss  shown  in  your  sketch  ( which  Is  not 
of  sufficient  general  interest  to  be  reproduced  here) 
that  would  be  caused  by  the  loads  marked  upon  it, 
considered  as  either  live  or  dead  loads,  we  find  that 
the  cross-sectional  area  given  by  each  member  as 
marked  is  sufficient  to  bear  its  stress  safely.  It  must 
be  understood,  however,  that  the  stresses  computed 
were  only  those  due  to  the  load  marked  upon  the 
sketch,  considering  this  to  be  the  total  load  upon  the 
truss,  including  its  own  weight—not  the  load  that  it 
would  bear  exclusive  of  its  own  weight.  However, 
as  the  weight  of  the  truss  itself  would  increase  the 
load  marked  on  your  sketch  by  only  about  one-eighth 
part,  the  truss  would  probably  carry  safely  a  live  or 
extraneous  load  equal  to  the  load  marked.  What 
has  just  been  stated  has  no  reference  to  the  details  or 
connections  of  the  members,  which  sre  not  shown 
on  your  sketch.  As  the  capacity  of  any  truss  is 
limited  by  the  strength  of  its  weakest  part,  onr  com- 
putations do  not  necessarily  show  that  the  trass  as 
a  whole  will  carry  the  given  load  safely  if  any  of 
its  details  or  connections  are  weak,  (b)  It  is  impos- 
sible to  state  formulas  for  determining  this.  In 
order  to  determine  this  condition,  the  stress  In  each 
of  the  various  members  of  the  truss  must  be  com- 
puted and  divided  by  the  area  of  its  ctom  soction. 
The  quotient  will  be  the  intensity  of  the  strev  per 
square  inch  of  cross-section,  showing  whether  this 
is  within  safe  limits.  This  neglects  the  increase  in 
resistance  due  to  the  rise  in  temperature. 
« 
»  « 

(497)  (a)  What  are  "cooling  towers*'  for,,  and 
how  are  they  operated  ?  (b)  Is  it  correct  to  show  the 
roof  line  dotted  in  on  the  third-floor  plan  of  a  cottage 
or  other  building  when  it  is  not  desired  to  show  the 
plan  of  the  roof  oy  itself?  (c)  Was  an  article  on  let- 
lering  ever  published  in  Scibmce  abd  InnrsrsY?  If 
so,  when,  and  where  can  I  get  a  copy  ?  (d)  What  is 
the  beet  method  of  prooedure  to  qualify  me  to  psfs 
the  Civil-Service  examination  for  mechanical  drsfts- 
man  in  the  Patent  Office  or  in  the  Department  of 
Construction  and  Repair?  (e)  To  get  the  proper 
diameters  of  the  Joints  between  the  successive  rings 
of  a  bell-bottom  steel  stack,  I  first  draw  the  height  of 
the  bell  to  scale  and  divide  it  into  equal  parts,  to 
represent  the  number  of  rings  to  be  used.  Throuffb 
the  points  of  division  I  draw  lines  parallel  to  the 
base:  with  a  center  on  an  extension  of  the  line  repre 
senting  the  top  of  the  bell,  I  draw  the  arc  of  a  circle 
that  will  pass  through  the  extremities  of  the  lines 
representing  the  diameters  of  the  top  and  the  ba»e 
of  the  beU.  The  radii  of  the  Joints  between  the  dif- 
ferent rings  are  thus  determined  by  measuring  to 
scale  the  lengths  of  the  corresponding  lines  included 
between  the  center  line  of  the  bell  and  the  arc  Is 
this  an  approximately  correct  method? 

R.  C.  W.,  Ooatesville,  Fa. 
Ans.— (a)  Cooling  towers  are  derioes  for  taking 
the  hot  water  from  the  condenser  of  a  steam  engine, 
or  refrigerating  machine,  or  from  any  other  source, 
and  cooling  it  so  that  it  may  be  used  again.  They 
are  constructed  and  operated  in  a  yariety  of  ways, 
but  in  the  most  common  forms  the  hot  water  is 
.  allowed  to  fall  in  a  »pray  fh>m  the  top  of  a  tower, 
while  a  current  of  air,  induced  by  a  fen,  flows 
upward  through  the  tower.  A  part  of  the  water  is 
thus  evaporated,  and  the  heat  required  to  produce 
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the  vapor  is  taken  troui  the  rett  of  the  water,  leavlDg 
it  oool  enough  to  be  nied  in  the  condenser  again. 
By  this  means  the  cooling  water  may  be  used  over 
and  over,  the  only  loes  being  that  due  to  evaporation 
in  the  oooling  tower.  (6)  Yei.  (c)  An  article  enti- 
tled "The  Alphabet  and  the  Art  of  Lettering"  was 
published  in  the  May,  1899,  issue  of  the  "  Mechanic 
Arts  Magazine,"  and  one  entitled  "Architectural 
Lettering"  in  the  June,  1899,  issue  of  "The  Building 
Trades  Magaslne."  Copies  of  these  issues  may  be 
obtained  fh>m  The  Colliery  Engineer  Co.  The  prices 
of  the  two  issues  are  respectiyely  10  cents  and  5  cents, 
(d)  Address  the  Civil  Service  Commission,  Wathing- 
ton,  D.  C,  ibr  a  copy  of  the  Manual  of  Examinations; 
this  will  give  you  ftiU  information  regarding  exam- 
inations and  the  amount  of  preparation  required. 
(«)  The  construction  you  suggest  will  give  you  the 
eorrect  diameters  of  the  Joints  for  rings  of  equal 
heights.  If  it  is  desired  to  make  the  rings  from 
sheets  of  equal  lengths,  more  accurate  results  would 
be  obtained  by  dividing  the  arc  between  the  extremi- 
ties of  the  diameters  of  the  top  and  base  of  the  bell 
into  the  required  number  of  parts  and  drawing 
the  lines  representing  the  Joints  between  the  rings 
through  these  points  of  division.  The  chords  of  the 
subdivisions  of  the  arc  will  then  represent  the 
leogths  of  the  sheets  fh>m  center  to  center  of  Joints, 
and  the  parts  of  the  lines  representing  the  Joints 
intercepted  between  the  center  line  of  the  bell  and 
the  arc  will  represent  the  radius  of  the  rings  at  the 
Joints. 

♦*♦ 

{4as)  Enclosed  find  rough  sketch  (Fig.  1),  show- 
ing arrangemeot  of  pipes  for  hot-water  system  in 
mv  house.  The  tank  was  at  first  merely  connected 
with  the  gas  range  and  then  worked  to  perfection. 
Last  winter  I  had  a  plumber  connect  it  with  the 
fbmace  in  the  basement.  He  put  in  the  pipes  shown 
by  the  dotted  lines.  Since  then,  at  every  attempt  to 
heat  the  water  with  the  gas  range,  a  tremendous 


Fio.l 

thumping  occurs  in  the  tank,  so  violent  that  we  are 
compelled  to  turn  out  the  m  in  the  range,  for  fear 
of  an  accident.  Please  inform  me  as  to  the  cause 
and  remedy.  R.  B.  P.,  Cleveland.  Ohio. 

Aks.— Your  trouble  is  due  to  the  fact  that  the 
"head"  for  circulation  tliat  existed  between  the 
gas  heater  and  the  boiler  is  spoiled  by  the  new  pipe 


connections.  There  is  therefore  no  force  present 
to  produce  a  circulation  between  the  gas  heater  and 
the  boiler,  no  matter  how  hot  the  water  in  the  gas 
heater  may  become.  In  fact,  a  good  proof  of  this  is 
found  when  you  light  the  burners  under  the  gas 
heater,  for  it  makes  steam,  which,  expanding  toward 
the  boiler,  encounters  a  colder  body  that  rapidly 
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condenses  it  and  produces  the 
snapping,  crackling  sounds 
that  annoy  you  so  much. 
Any  arrangement  that  will 
allow  the  water  to  flow  by 
gravity  into  the  boiler  fi'om 
the  gas  range  will  effect  a 
remedy.  We  would  suggest 
that  you  change  the  con- 
nections as  shown  in  sketch 
i*iK.  2.  iiuf  v^iaI  tii»ae  liie 
range  independent  of  the  fur- 
nace.  Ii  would  be  advisable 


Wy^rn^, 
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to  make  the  connections  between  the  branches 
and  the  boiler  1  inch,  as  shown.  The  arrows 
show  the  direction  of  the  circulation  of  the  water 
through  the  boiler,  ftmace,  and  gas  heater.  By 
connecting  your  boiler  as  shown  in  our  sketch 
you  will  be  able  to  draw  hot  water  at  the  fixtures 
before  the  boiler  is  heated,  which  is  a  great  saving 
of  money  and  time.  The  boiler  |n  our  sketch  acts 
only  as  a  reservoir  to  store  hot  water,  and  not  as 
a  mixing  device  for  cooling  it  until  the  whole  boiler 
has  time  to  become  hot.  If  it  is  possible,  we  would 
advise  you  to  supply  the  wash  basin  upstairs  with  a 
hot-water  branch  taken  fh>m  the  highest  point  A^ 
so  that  air  which  surely  will  accumulate  there  may 
be  drawn  off  at  the  basin.  If  you  cannot  do  this, 
then  raise  this  loop  as  high  as  poBf>ible,  so  that  it  will 
become  a  large  air-storage  chamber,  which  will  be 
filled  with  water  every  time  hot  water  it  drawn  at 
the  kitchen  sink. 
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(499)  In  baildlDg  a  wooden  tank  16  ft.  in  diameter 
and  16  ft.  blgb,  lo  bold  water,  the  tank  being  built  of 
pine  Btaves  8  in.  tnlck,  with  Z"  Iron  bandi  spaced 
15  in.  from  center  to  center,  (a)  how  thick  should 
the  bands  be,  and  how  much  heavier  at  the  bottom 
than  at  the  top?  (6)  what  are  the  rules  for  calcu- 
lating the  dimennons  of  the  bands  by  the  use  of 
arithmetic?  B.,  Port  Henry.  N.  Y. 

Ans.— (a)  There  are  two  factors  to  be  considered  in 
estimating  the  strength  of  bands  required  for  such 
a  tank.  The  first  is  the  pressure  due  to  the  head  of 
the  water,  and  is  easily  calculated.  The  second 
depends  on  the  amount  of  force  exerted  by  the 
swelling  of  the  staves  when  wet,  and  for  this  we 
have  no  reliable  data  at  hand.  Estimating  this 
force  at  400  lb.  per  sq.  in.  for  the  material  of  which 
the  staves  are  made,  the  8''  banda  should  be  about 
I  in.  thick  at  the  bottom  and  ^  in.  thick  at  the  top. 
(6)  The  stress  in  the  bands  due  to  the  head  of  the 
water  is  found  by  multiplying  the  head  in  feet, 
measured  from  the  surface  to  the  center  of  a  band, 
by  .484,  this  product  by  the  diameter  of  the  tank 
in  inches,  and  the  product  so  obtained  by  the  dis- 
tance in  inches  firom  center  to  center  of  bands; 
divide  the  last  product  by  2,  and  the  result  will  be 
the  stress  in  any  section  of  a  band  due  to  the  head 
on  it.  To  find  the  stress  due  to  the  swelling  of  the 
staves,  multiply  the  thickness  of  the  staves  by  the 
distance  fh>m  center  to  center  of  the  bands  and  by 
the  pressure  per  square  inch  due  to  the  swelling 
of  the  wood;  the  product  will  be  the  stren  in  any 
section  of  a  band  due  to  the  swelling  of  the  wood. 
At  the  surface  of  the  tank  the  only  streas  will  be  that 
due  to  the  swelling  of  the  staves.  For  any  band 
below  the  surface,  the  stress  will  be  that  due  to  the 
swelling  of  the  staves  plu  that  due  to  the  head  of 
w^r  on  the  band.  When  the  total  stress  in  a  band 
Is  determined,  the  thickness  of  the  band  la  found 
by  dividing  the  total  stress  by  the  width  multiplied 
by  the  allowable  unit  stress.  In  our  estimate,  we 
anumed  an  allowable  unit  stress  of  12,000  lb.  per 
sq.  in. 

••• 

(600)  Please  explain  the  use  of  the  dots  and  num- 
bers (5,  10,  15)  between  two  parallel  lines  on  the 
short  leg  of  a  steel  square;  also  the  use  of  the  ten 
parallel  lines  about  two  inches  long  and  the  ten 
diagonal  cross-lines  near  the  angle  or  the  square  on 
the  other  side  of  the  short  leg. 

W.H.B.,Vlllisca,Iowa. 

Amb.— The  required  explanation  is  too  lengthy  to 
give  in  these  columns.  The  Information  is  given 
in  an  article  entitled  "The  Steel  Square,"  which 
appeared  In  the  September,  1899,  issue  of  "  The  Build- 
ing Trades  Magazine."  This  magaxlne  may  be 
obtained  firom  The  Ck>lliery  Engineer  Co.,  Scranton, 
Pa.,  for  10  cents. 


MISCELLANEOUS 


(501)  How  can  I  make  a  standard  solution  of 
silver  nitrate  with  which  to  determine  the  per- 
centage of  potassium  cyanide  in  a  solution  ? 

W.  E.  L..  Folts,  Nev. 

Ans.— A  rapid  and  accurate  determination  may  be 
made  by  titrating  a  measured  quantity  of  the  solu- 
tion to  be  tested  with  a  standard  solution  of  silver 
nitrate.  Sliver  cyanide  is  formed  and  immediately 
redlEsolves  In  the  excess  of  potassium  cyanide.  The 
end  reaction  is  reached  when  a  permanent  white 
precipitate  of  silver  cyanide  is  formed.  When  silver 
nitrate  is  first  added  to  a  solution  of  potassium 
cyanide  a  precipitate  of  silver  cyanide  is  formed, 
and  this  dissolves   In    the  presence  of  any  free 


potassium  cyanide.  The  silver  nitrate  Is  added 
until  all  of  the  potafslum  cyanide  has  united  with 
the  silver  cyanide  to  form  a  double  salt  of  potassium 
silver  cyanide.  If  more  silver  nitrate  is  added  than 
is  required  to  form  the  double  salt,  a  permanent 
precipitate  is  formed  of  silver  cyanide,  which  shows 
that  sufficient  silver  nitrate  has  been  added  for 
the  reacti<Mi.  The  end  reaction  is  more  distinct 
when  two  or  three  drops  of  a  5-per-cent.  solution 
of  potassium  iodide  are  added  to  the  cyanide  solu- 
tion before  titration.  After  all  the  cyanide  Is  con- 
verted into  the  double  salt,  any  excess  of  silver 
nitrate  will  unite  with  the  potassium  iodide  to  form 
a  precipitate  of  silver  iodide.  A  convenient  standard 
solution  is  one  that  contains  such  An  amount  of 
silver  nitrate  in  each  cubic  centimeter  that  when 
it  is  added  to  10  o.  c.  of  a  cyanide  solution  before  a 
permanent  precipitate  is  produced,  represents  0.1^ 
of  potassium  cyanide.  To  do  this,  take  18.06  gra-ms 
of  silver  nitrate  and  dissolve  it  in  exactly  1  liter 
(1,000  cc)  of  distilled  water.  The  determination  Is 
carried  on  as  foUows:  (1)  FUl  the  burette  with  the 
standard  silver  nitrate  solution.  (2)  Fill  another 
burette  with  the  cyanide  solution  to  be  tested. 
(8)  Run  into  a  beaker  10  c.  o.  of  the  cyanide  solution 
and  add  25  o.  o.  of  distilled  water;  from  the  sUver 
nitrate  burette  cautiously  add  silver  nitrate  solution 
until  a  permanent  opalescent  precipitate  remains 
after  thoroughly  agitating  thesolution.  Two  or  three 
drops  of  a  solution  of  potassium  iodide,  added  to 
the  beaker  when  the  cyanide  solution  is  added,  wUl 
assist  in  determining  the  end  reaction.  (4)  Bead 
the  number  of  c.  o.  of  standard  silver  nitrate  used 
and  divide  by  10;  the  result  is  the  potassium  cyanide 
in  the  solution  in  per  cent. 
« 
»  * 

(602)  Please  show  how  to  find  the  distance  x  in  the 
diagram.  E.  C.  D.,  Pittsburg,  Fa. 

AMs.~AsRime  a  as  the  oenter  of  coordinates. 
Then,  by  the  principles  of  analytic  geometry,  the 


equation  of  the  line  6  e  is  x  —  y  tan  oc  +  d;  and 
the  equation  of  the  drole,  referred  to  a  as  a  eenta. 
Is  X  =  v/2  Vy  — '^.  As  the  line  and  circle  Intersect, 
they  have  common  coordinates  for  the  points  of 
intersection;  hence,  the  values  of  z  may  be  equated 
thus:  y  tan  oc  +  d  =  v/2~r  y  —  y«.  Squaring,  transpo- 
sing, and  collecting  terms, 

y«(l  +  tan«oc)  — y  (2r  — 2dtana:)  =  —  *. 
Noting  that  1  +  tan*  oc  —  sec*  oc.  there  results,  on 
completing  the  square  and  solving  fbr  y, 

_  ^  —  d  tan  cc  ±  >/(r  — "d^tan  oc)»  —  (d  sec  oc)« 
^  ~  sec^  oc 

This  gives  two  values  for  y,  one  corresponding  to 
point  c,  and  one  to  e.  For  e  the  radical  term  is  sub- 
tractive.    Having  found  y,z^y  tan  cc  -\-  d, 

.». 

(503)  (a)  How  do  linotype  machines  work,  and 
what  do  they  do?  (6)  who  manufactures  these 
machines?  (c)  Where  can  I  obtain  a  book  descri- 
bing their  workings  and  explaining  how  to  adjust 
them  and  correct  their  faults? 

J.  H.  F.,  Taunton,  Vass. 

Ans.— (a)  A  linotype  is,  strictly  speaking,  a  type- 
casting machine,  and  is  operated  by  a  keyboard. 
(Jhannels  in  a  magaslne  at  the  highest  point  of  the 


Digitized  by 


Google 


AN8WERJS  TO  I^QVIRIES 


591 


mftchine  contain  matrices,  which  are  ttripB  of  bran  a 
little  more  than  an  inch  in  length  and  Just  thick 
enough  to  allow  the  Impreesion  of  a  letter  to  be  snnk 
on  the  edge  of  each  one.  By  operating  a  keyboard 
dmilar  to  that  of  a  typewriter,  the  matrices  are 
assembled  one  by  one  nntil  the  desired  length  of 
line  is  flUed.  The  spaces  between  words  contain 
what  are  called  spaoe  bands,  which  are  adjustable 
wedges  that  regulate  the  spaces  between  the  words 
to  make  the  lines  uniform  in  length.  After  a  line 
has  been  assembled  the  operator  throws  a  lever  and 
this  line  of  matrices  is  carried  into  a  casting  box,  into 
which  metal  is  Injected  and  a  line  of  letters  thus 
cast.  The  matrices  are  then  carried  by  a  series  of 
arms  to  the  rear  of  the  magazine,  where  they  are 
dropped  into  their  respective  channels  by  a  com- 
bination bar.  The  whole  operation  of  the  machine 
is  automatic,  with  the  exception  of  the  manipulation 
of  the  keyboard  and  the  throwing  of  the  lever  when 
a  line  has  been  assembled.  (6)  The  Mergenthaler 
Linotype  Co.,  Tribune  Building,  New  York  City, 
(c)  The  manufacturers  issue  a  book  of  instructions, 
but  this  is  more  suitable  for  those  who  have  had  con- 
siderable experience  with  the  mschine.  The  only 
other  books  that  we  know  of  on  this  subject  are 
"The  Linotype  Operator's  Companion,"  by  Barclay, 
price  91.00,  and  "The  Mechanical  Detailsof  the  Lino- 
type, and  Their  Adjustment,"  by  Evans,  price  13.00, 
which  are  books  more  suitable  for  beginners  than 
those  issued  by  the  manufacturers.  These  books  may 
be  ordered  through  The  Technical  Supply  Co.,  Scran- 
ton,  Pa. 

•♦♦ 

(504)  In  the  May  number  of  SctxNGE  AND  INDUSTBY 
there  is  a  description  of  a  lead-burning  mschine. 
(a)  Are  there  maoy  lead  burners  in  the  United 
StetesT    (6)  Is  there  any  insUtution  or  school  that 


teaches  lead  burningT  (c)  In  what  kind  of  works  is 
lead  burning  prindpally  done?  {d)  What  is  the 
average  wage  of  a  good  lead  burner?    (e)  Are  there 


other  methodsof  burning  lead  than  by  the  hydrogen- 
gas  method?  B.  F.,  Alpena,  Mien. 

Ams.— (a)  No;  the  demand  for  lead  burning  is  not 
sufficiently  great  to  warrant  the  existence  of  a  large 
number  of  lead  burners,  (b)  Yes;  manual  instruc- 
tion in  lead  burning  is  given  in  the  New  York  Trade 
Schools.  The  theory  and  the  practice  of  lead  burn- 
ing is  also  taught  as  a  portion  of  the  Plumbing  Course 
in  The  International  Correspondence  Schools,  Scran- 
ton,  Pa.  (e)  In  chemical  works  and  other  manufac- 
turing establibhments  where  chemicals  are  stored  in 
tanks  and  vats  or  conveyed  by  pipes  or  conduits,  or 
otherwise  handled  in  large  quantities,  (d)  Some- 
where in  the  vicinity  of  S5  a  day.  (e)  Yes,  you  can 
burn  lead  in  a  small  way  with  an  ordinary  gas  and 
air  blowpipe,  provided  that  you  have  the  proper 
kind  of  a  tip.  Yeager  salts  is  commonly  used  with 
such  a  blowpipe.  The  method  is  too  extensive  to  be 
fully  explained  here,  but  for  fhrther  information  we 
would  refer  you  to  T.  B.  Walmsley,  Wood  Cliflf,  Ber- 
gen Co.,  N.  J.,  the  manufacturer  of  this  blowpipe. 

(505)  The  enclosed  drawing  represents  the  ele- 
vation of  a  tank.  The  tank  is  4  ft.  long  on  top,  7  ft. 
11  in.  long  on  bottom,  and  6  ft.  high,  (a)  When  the 
tank  is  half  fhU  of  water,  how  high  does  the  water 
rise  ?  (&)  I  found  Q  the  center  of  gravity  of  the  ver- 
tical section  as  shown,  and  found  the  area  of  the 
KTt  below  G^  to  be  2,260.876  sq.  in.,  and  the  area  of 
e  part  above  6  to  be  2,028.26  sq.  in.  These  two 
parts  are  not  equal,  and  their  sum  is  4,28A.625  sq.  In., 
whereas  the  area  of  the  whole  section  is  4,290  sq.  in. 
What  is  the  error  in  my  solution  ? 

R.  C.  D.,  Rossland,  B.  C. 

Amb.~You  do  not  give  a  horizontal  section  of  the 
tank,  nor  do  you  state  what  is  the  shape  of  the  top 
or  bottom.  The  depth  of  the  water,  however,  will 
be  the  same  whether  the  tank  is  a  fjrustum  of  a  cone 


or  a  frustum  of  a  pyramid  whose  top  and  bottom  are 
similar  polygons.  Reduce  all  dimensions  to  inches, 
and  let  A  =  height  of  tank,  and  x  =  depth  of  water 

when  -  part  of  tank  is  filled.    For  a  conical  tank, 

let  B  —  radius  of  bottom,  and  r  =  radius  of  top.  If 
the  tank  is  a  frustum  of  a  pyramid  whose  top  and 
bottom  are  similar  polygons,  B  will  denote  the  length 
of  one  side  of  the  polygon  that  forms  the  bottom, 
and  r  will  denote  the  corresponding  side  of  the  poly- 
gon that  forms  the  top;  A  and  x  have  the  same  mean- 
ing as  in  the  case  of  a  conical  tank.  Then  x  is  given 
by  the  formula  __  _ 

B-r 

Putting  n  =  2,  B  =  47.6,  and  r  =  24  in  this  for- 
mula, we  get  X  =>  21.06,  nearly.  Thus,  the  depth  of 
the  water  when  the  tank  is  half  full  U  21.05  in. 
=  1  ft.  9^  in.  (6)  Your  construction  for  the  center 
of  gravity  of  the  vertical  section  shown  in  the  figure 
is  not  correct,  for  the  line  CE  does  not  bisect  the 
line  B  2>.  nor  does  the  line  D  E  bisect  the  line  A  C. 
Therefore,  the  center  of  gravity  of  the  triangle  DBC 


auia 

A    J 


does  not  lie  on  the  line  CE,  nor  does  the  center  ox 
gravity  of  the  triangle  A  CD  lie  on  the  line  DE. 
You  can  satisfy  yourself  by  scale  measurement  that 
CE  does  not  bisect  D  B,  and  that  D  E  does  not  bisect 
A  C.  Then  you  can  correct  your  construction  for  the 
center  of  gravity  by  locating  the  center  of  gravity  of 
the  triangle  DBC  on  the  line  drawn  from  C  to  the 
middle  point  of  B  D,  and  the  center  of  gravity  of 
the  triangle  A  CD  on  the  line  drawn  fh>m  D  to  the 
middle  point  of  A  C.  If  the  line  A  B  were  equal  to 
twice  the  line  D  C,  your  construction  for  the  center 
of  gravity  would  be  correct;  for,  in  this  case,  CE 
would  bisect  B  D  and  D  E  would  bisect  A  C.  Because 
the  line  AB  la  very  nearly  double  the  line  D  C,  the 
point  O  found  by  you  is  very  dose  to  the  true  center 
of  gravity  of  the  vertical  section.  No  matter  whether 
O  is  the  center  of  gravity  or  not,  the  area  below  G, 
added  to  the  area  above  G,  is  equal  to  the  whole  area 
of  the  vertical  section.  But  your  determination  of 
the  distances  of  G  from  the  top  and  bottom  and  of 
the  length  of  the  horizontal  line  through  O  are  only 
approximately,  and  not  exactly,  correct;  this  Is  the 
reason  that  you  did  not  find  the  sum  of  the  areas 
above  and  below  G  equal  to  the  whole  area  of  the 
vertical  section.  Let  0  be  the  true  center  of  gravity 
of  the  vertical  section  A  B  CD;  then,  it  is  not  true 
that  the  area  above  O  is  equal  to  the  area  below  0, 
Moreover,  0  is  the  center  of  gravity  of  the  vertical 
section  ^  £  C  A  but  0  is  not  the  center  of  gravity  of 
the  tank.  If  you  did  find  the  center  of  gravity  of 
the  tank,  the  volume  above  that  center  of  gravity 
would  not  be  equal  to  the  volume  below  it. 
♦ 
*  * 
(506)  (a)  If  a  survey  does  not  "close,"  how  are 
the  courses  balanced  so  as  to  make  it  dose?  (b) 
What  is  the  best  method  of  plotting  the  boundaries 
of  a  closed  survey?    (c)  Explain  a  method  for  cor- 
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rectlng  the  error  of  dodnff  wlthoat  calcnlatioD .  (d) 
Erplaln  clearly  the  fnraphical  method  of  baUnclng 
a  land  sarvey.  {e)  What  are  the  principal  cauBes  of 
error  in  the  measurement  of  the  anglen  of  a  inryey  ? 
(/)  What  check  can  be  had  on  such  errors?  (g) 
What  are  the  chief  causes  of  error  in  linear  meas- 
urement? J  W.  L.,  New  York  City. 

AN8.--(a)  If  a  survey  does  not  "dose/*  that  is,  If 
when  the  courses  are  plotted  successiyely  and  acca- 
rately  to  any  scale,  the  end  of  the  last  course  as 
plotted  does  not  coincide  with  the  beginning  of  the 
arst  course,  it  shows  either  the  existence  of  error  in 
one  or  more  of  the  bearings  or  angular  measurements 
or  the  lack  of  uniformity  in  the  linear  measure- 
ments. If  the  angular  measurements  are  correct 
and  the  linear  measurements  are  uw(form,  whether 
uniformly  correct  or  uniformly  erroneous  as  if  made 
with  a  chain  of  erroneous  length,  it  is  evident  that 
the  survey  will  dote,  although  the  area  as  thus 
obtained  will  be  incorrect.  When  the  plot  of  a 
survey  does  not  close,  the  following  rule  is  very 
commonly  applied:  As  the  mm  qf  aU  the  distances  is 
to  the  length  cif  each  parttcutar  course,  so  is  the  total  error 
in  latitude  {or  departure,  as  the  ease  may  be)  to  the  corre- 
sponding correction/or  that  course.  The  correction  for 
each  course  must  be  so  applied  as  to  diminish  the 
error.  This  rule  merely  distributes  the  error  of  clo- 
sure uniformly  throughout  the  survey,  assuming  it  to 
be  due  both  to  erroneous  bearings  or  angular  meas- 
uremeot,  and  erroneous  chaining,  which  is  seldom 
likely  to  be  the  case  exactly,  though  the  condition 
may  be  approximated  in  needle-compass  surveys. 
But  when  the  bearings  are  taken  accurately  with  a 
solar  instrument,  or  the  angles  are  measured  accu- 
rately with  a  transit,  the  error  of  closure  would  be 
due  almost  or  quite  wholly  to  erroneous  chaining. 
In  such  cases  the  following  rule  may  be  used:  As  the 
arithmetical  sum  qf  all  the  latitudes  {or  departures,  as  the 
case  may  he)  is  to  the  latitude  of  any  particular  course, 
80  is  the  whole  error  qf  latitude  to  the  correction  to  the  lati- 
tude of  that  course.  It  will  be  evident  that  this  rule 
also  merely  distributes  the  error,  though  in  such 
manner  as  to  effect  the  corrections  in  the  lengths  of 
the  lines  chiefly.    (6)  By  latitude  and  departure. 

(c)  The  conditions  under  which  the  measurements 
are  made  are  not  usually  uniform  throughout  a  sur- 
vey, but  are  such  as  to  render  the  process  of  meas- 
uring much  moro  difficult  in  some  parts  of  the  survey 
than  in  others.  For  example,  some  portions  of  the 
plot  surveyed  may  have  been  much  rougher  than 
other  portions,  or  the  weather  may  have  been  moro 
favorable  during  some  portions  of  the  survey  than 
during  others,  or  for  some  reason  certain  portions  of 
the  measurements  may  have  been  made  moro  care- 
ttsHy  than  other  portions,  etc.  In  such  cases  the 
surveyor,  by  going  over  his  notes  carefhlly  and  cor- 
recting and  adjusting  them  according  to  the  best  of 
his  Judgment,  can  probably  balance  the  survey  moro 
correctly,  that  is,  in  a  manner  corresponding  more 
nearly  to  the  actual  facts  of  the  case,  than  can  be 
done  by  means  of  any  mathematical  rule.  The 
theory  of  this  method  is  to,  so  far  as  possible,  make 
the  corrections  where  the  errors  were  made,  which  Is 
certainly  an  excellent  theory  and  one  that  can  be 
applied  with  excellent  results  in  many  cases.  For 
the  surveyor  who  performs  the  work  can  usually 
Judge  with  reasonable  accuracy  of  the  portions  of 
the  survey  in  which  the  errors  are  most  likely  to 
have  been  made,  and  somewhat  also  of  the  general 

'  character  and  approximate  amounts  of  the  errors. 

(d)  The  following  graphical  method  of  balancing 
a  survey  is  published  in  Trautwine's  "Engineers' 
Pocketbook,"  by  which  It  Is  an  easy  matter  to  dis- 
tribute the  error  of  closure  throughout  the  survey, 
obtaining  substantially  the  same  result  as  by  apply- 
ing the  rule  first  stated  above.  The  following 
explanation  will  be  understood  without  being  illus- 


trated by  a  figure:  Plot  the  survey  accurately  ftom 
the  notes  of  the  field  work.  If  the  plot  does  not  close, 
draw  a  closure  line  from  the  end  of  the  last  cooise 
to  the  beginning  of  the  first  course  as  plotted,  and 
draw  a  line  parallel  to  this  through  each  angle  of 
the  plot.  The  first-mentioned  line  will  represent 
the  error  of  closure  in  both  magnitude  and  direc- 
tion. Lay  off  on  each  of  the  parallel  lines  a  distance 
from  the  angle  which,  as  compared  with  the  length 
of  the  closure  line,  will  be  proportional  to  its  dis- 
tance ttom  the  beginning  of  the  survey,  and  Join 
the  points  thus  determined.  The  lengths  and  bear- 
ings of  the  new  lines  thus  obtained  can  be  found 
approximately  by  measurement.  The  proportional 
distances  to  be  laid  off  ttom  the  anj^es  on  the  par- 
allel lines  can  be  determined  graphically  as  follow*: 
Draw  a  straight  line  having  a  length  to  scale  equal 
to  the  aggregate  length  of  all  the  courses  and  lay  off 
the  lengths  of  the  courses  in  order  upon  it,  and 
through  each  point  thus  determined  draw  a  short 
Hue  perpendicular  to  it.  On  the  last  perpendicular, 
erected  at  the  point  corresponding  to  the  terminus 
of  the  last  course,  lay  off  the  error  of  closure,  that  is, 
the  length  of  the  line  representing  the  error  of  clo- 
sure, and  draw  a  straight  line  Joining  the  point  thus 
determined  with  the  beginning  of  the  line  first 
drawn.  The  distances  on  the  perpendicular  lines 
between  the  two  diverging  lines  will  be  the  propor- 
tional distances  to  be  laid  off  on  the  parallel  lines 
ttom  the  angles  of  the  plot,  {e)  Inaccuracies  in  the 
graduations  of  the  instrument  used,  imperfect  ad- 
justment of  the  instrument,  including  the  instru- 
mental parallax  due  to  the  inaccurate  focussing  of 
the  objective,  unfavorable  atmospheric  conditions, 
such  as  varying  refraction  or  the  unsteadiness  of  the 
air  from  the  heated  air-currents,  error  of  parallax  In 
reading  the  vernier,  haste  and  carelesmess  in  reading 
and  recording  the  angles,  recording  angles  to  the 
right  that  are  turned  to  the  left  and  vice  versa,  the 
"personal  equation"  or  errors  that  are  peculiar  to 
the  person  observing,  and  a  number  of  minor  causes 
that  may  be  operative  in  particular  cases.  These 
relate  to  angular  measurement,  properly  so  called. 
In  taking  bearings  with  a  compass  there  Is  much 
liability  to  error  ttom  local  attraction.  Inaccurate 
reading  of  the  needle,  inaccuracy  in  the  mounting 
of  the  needle,  and  sluggishness  of  the  needle  due  to 
the  wearing  of  the  pivot.  (/)  A  rough  but  valuable 
check  on  the  reading  of  angles  is  given  by  the 
simultaneous  reading  of  the  needle.  But  the  most 
valuable  check  is  to  be  had  by  repeating  the  angles 
according  to  some  definite  system,  such  as  turning 
the  angle  forwards  on  the  limb  a  certain  number  of 
times  by  repeated  observations  taken  in  such  manner 
as  to  add  the  readings  accumulatively,  and  then 
divide  the  total  angle  turned  off  by  the  number  of 
repetitions;  then  reverse  the  telescope  and  repeat 
the  entire  operation  in  the  opposite  direction. 
Where  exceedingly  accurate  results  are  required, 
the  observations  should  be  made  only  on  densely 
cloudy  days  or  alter  four  o'clock  in  the  afternoon  on 
clear  days,  or  in  the  night  time  when  circumstances 
will  permit,  {g)  Inaccuracies  in  the  lengtii  of  the 
chain  or  measuring  instrument,  lack  of  proper  alinc- 
ment  in  the  measurement,  failure  to  always  hold 
the  measuring  instrument  perfectly  level,  fidlure  to 
have  it  always  under  a  uniform  tension  and  to  com- 
pensate for  variations  In  temperature,  efRsct  of  a 
cross-wind,  especially  on  a  steel  tape,  or  effect  of  a 
longitudinal  wind  on  a  plumb-line  in  measuring 
up  or  down  hill,  carelessness  or  lack  of  unlibrmity 
in  setting  the  points,  and  again  the  "personal  equa- 
tion" and  many  other  minor  influences.  More  or 
lees  of  these  conditions  must  be  taken  into  consid- 
eration and  provided  against,  according  to  the 
degree  of  accuracy  required. 
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THE  attention  of  the  civilized  world,  and 
particularly  the  United  States,  has  this 
year  been  called  to  the  disastrous  effect 
of  the  great  atmospheric  disturbances  gener- 
ally known  as  West  Indian  hurricanes,  one  of 
which,  on  September  8,  struck  the  city  of 
(jalveston  and  within  a  comparatively  short 
time  reduced  the  whole 
of  that  community  to  a 
veritable  mass  of  ruins 
and  caused  the  death  of 
several  thousands  of  its 
inhabitants.     The    de-  /; 

taUs  of  this  most  lam- 
entable tragedy  of 
modem  times  has  been 
deecribed  very  minutely 
by  the  American  as  well  "^^. 
as  the  European  press,  \ 
and  a  repetition  of  the  "^"~7 
horrors  attending  this  ^.  i 
outburst  of  Nature's. ^"  I 
rage  is  therefore  not 
within  the  scope  of  this 
article.  The  writer, 
however,  feels  confident 
that  to  many,  whose 
memory  is  still  fresh 
with  the  Galveston  dis- 
aster, a  brief  review  of 
the  nature  and  peculi- 
arities of  revolving 
storms  will  prove  both 
interesting  and  instructive,  and  therefore 
presents  to  the  reader  a  few  facts  about  these 
storms,  not  from  the  standpoint  of  the  pro- 
fessional meteorologist,  but  from  the  point 
of  view  of  a  practical  navigator. 

Revolving  storms  are  known  under  various 
local  names.  In  the  West  Indies  and  in 
southern  parts  of  the  United  States  they  are 


% 


known  as  hurricanes,  while  in  the  Indian 
Ocean  and  the  China  Sea  they  are  termed 
typhoons.  They  may,  however,  be  classed 
under  the  general  term  of  cyclones,  owing 
to  the  more  or  less  circular  direction  of  the 
winds  that  constitute  them. 
Among  the  characteristic  features  by 
which  these  storms  may 
be  distinguished  from 
the  ordinary  straight- 
line  gales,  the  following 
are  prominent: 

1.  They  have  a  rotary 
motion  around  a  center, 
or  focus,  and  a  progres- 
sive motion  varying 
from  4  to  15  miles  per 
hour;  the  latter  motion, 
however,  depends,  to  a 

*^  great  extent,  on   local 
circumstances. 

2.  The  i>eculiaTity  of 
their  rotary  motion  is 
that  in  each  hemisphere 
the  rotation  invariably 
takes  place  in  different 
directions.  Thus,  in 
the  northern  hemi- 
sphere, the  rotation  is 
contrary  to  the  hands  of 
a  watch,  that  is,  from 
right  to  left;  in  the 
southern  hemisphere 

the  rotation  is  with  the  hands  of  a  watch,  or 
from  left  to  right. 

3.  The  shape  of  a  cyclone  is  seldom  circu- 
lar, but  rather  oval  or  elliptical,  and  its 
diameter,  which  is  generally  very  small  at 
its  origin,  expands  with  the  increase  in 
latitude  to  as  much  as  800  or  1,000  miles. 

4.  In  all  cases  within  the  tropics   they 
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commence  to  the  eastward.  For  some  days 
they  travel  slowly  along  a  path  not  exactly 
west  but  inclining  a  point  or  two  toward  the 
pole  of  the  hemisphere  in  which  they  begin; 
aa  they  advance  they  seem  to  be  more  in- 
clined to  carve  away  from  the  equator,  and 
when  they  reach  the  25th  to  30th  parallel 
of  latitade  they  generally  carve  still  more, 
at  the  same  time  increasing  their  progressive 
motion,  until  they  move  in  a  northeasterly 
direction  in  the  northern  hemisphere  and 
in  a  southeasterly  direction  in  the  southern 
hemisphere,  as  shown  in  Fig.  1.  But  some 
cyclones  seldom  or  never  recurve;  thus,  the 
cyclones  of  the  Bay  of  Bengal  move,  accord- 
ing to  the  season,  from  east  to  west  or  from 
south-southeast  to  north-northwest.  The 
typhoons  of  the  China  Sea  are  of  both  types. 
Hurricanes  also  traverse  the  northern  part 
of  the  North  Atlantic  Ocean  from  west- 
southwest  to  east-northeast  without  having 
recurved,  as  did  the  hurricane  of  October 
20-23,  1897  (indicated  in  diagram  of  Fig.  2, 
by  the  curve  numbered  ^1),  Similarly,  the 
progressive  motion  of  cyclones  in  the  South- 
ern Pacific  Ocean  are  sometimes  east- 
southeast  and  southeast,  forming  areas  of 
low  pressure,  amalgamating  as  they  pass 
onward,  and  then  finally  dispersing.  As 
previously  stated,  the  progressive  motion  is 
governed  by  local  circumstances,  but  the 
rate  of  this  motion  has  no  necessary  con- 
nection with  the  force  of  the  wind. 

The  accompanying  diagram.  Fig.  2,  com- 
piled by  the  United  States  Hydrographic 
Office,  shows  the  path  followed  by  the 
center  of  each  of  the  tropical  cyclonic  storms 
that  have  occurred  in  the  North  Atlantic 
Ocean  during  the  ten-year  period  1890-99, 
the  indicated  points  in  each  track  marking 
the  position  of  the  storm  center  at  Green- 
wich mean  noon  of  successive  days,  the 
intervals  between  these  points  thus  showing 
the  distance  traversed  by  the  storm  center 
during  approximately  24  hours.  The  dates 
of  the  several  storms  are  as  follows: 


1.  Aug. 

2.  Aug. 
8.   Aug. 

4.  Sept. 

5.  Sept 

6.  Sept. 

7.  Aag. 

8.  Aug. 

9.  Aug. 

10.  Sept. 

11.  Sept. 

12.  Oot. 
18.  Oct. 


27-Sept.  1. 

19— Aug.  25, 

19— Aug.  81, 

4— Sept.  9, 

16— Srtpt.  25. 

28— Oct.     7, 

17— Aug.  22. 

15— Aug.  22, 

23 -Aug.  28, 

6— Sept.   9. 

20— Oct.     4, 

5— Oct.    10, 

12-Oct.    18, 


1890  •  14. 

1890  j  15. 

1891  '  16. 
1891  I  17. 
1891    18. 

1891  19. 

1892  211. 

1893  I  21. 
1803    22. 

1894  28. 
1891  24. 
1894  25. 
1894  1 


Oct.  24— Oct. 
Oct.   18— Oct. 
Sept.  5— Sept. 
Sept.  19-aept. 
Sept.  26— Sept. 
Oct.     9— Oct. 
Oct   28— Oct. 
Oct   20-Oct 
Sept  11— Sept 
Aug.    3— Aug. 
Aug.  30— Sept. 
Sept.   8— Sept. 


27,1894 
25,1895 
10,1896 
25.  1896 
29,1896 
14,  1896 
26  1897 
23,  1897 
20,  )898 
25,  1899 
7,1899 
14,1899 


5.  The  atmospheric  pressure  is  lowest  at 
the  center  of  the  cyclone  ( often  28  inches  or 
less)  and   gradually  increases   toward  the 


circumference,   while   the   velocity  of  the 
wind  is  greater  nearer  the  center. 

6.  The  winds  within  a  cyclone  do  not  blow 
in  perfect  circles  nor  in  straight  lines,  but 
rather  in  irregular  spirals.  They  blow  in  a 
more  circular  direction  on  the  outside  of  the 
cyclone  than  near  its  oetter.  A  cydone, 
therefore,  must  not  be  thought  of  only 
as  a  rotating  disk  propelled  mechanically 
from  parallel  to  parallel,  but  also  as  an 
atmospheric  eddy  (see  Fig.  3),  which  dies 
out  in  its  rear  but  is  rapidly  renewed  in 
its  front. 

7.  Tropical  cyclones  are  never  met  with 
in  the  belt  between  lO""  N.  and  lO""  S.,  but 
outside  of  these  limits  they  occur  in  the 
following  regions: 

North  Atlantic — Western  part,  in  the 
vicinity  of  the  West  Indies  and  along  the 
southeast  coast  of  the  United  States. 

South  Atlantic—Southern  part 

North  Pacific— The  China  and  Java  Seas 
and  the  coast  of  Japan. 

South  Paci&c— Eastern  part. 

North  Indian  Ocean — Bay  of  Bengal  and 
Arabian  Sea. 

South  Indian  Ocean — Near  Mauritius  and 
Reunion  Islands. 

Cyclones  are  little  known  in  the  South 
Atlantic  and  South  Pacific  Oceans.  In  the 
latter,  they  are  but  occasionally  met  with  in 
the  region  east  of  Australia.  In  the  northern 
gulfs  of  the  Indian  Ocean,  particularly  in 
the  Bay  of  Bengal,  cyclones  occur  with 
dreaded  violence. 

8.  Yearsofdiligentobservations  haveeetab- 
lished  the  fact  that  the  most  cyclone-infested 
regions  of  the  globe  are  the  West  Indies, 
the  Arabian  Sea,  and  the  China  Sea.  The 
worst  cyclone  months  in  the  various  regions 
are  given  as  follows: 

West  Indies— June  to  October,  particu- 
larly August  and  September. 

South  Atlantic— December  to  February. 

Bay  of  Bengal  and  Arabian  Sea — April, 
May,  October,  and  November. 

South  Indian  Ocean— January  to  March. 

China  and  Java  Seas — July  to  October. 

The  foregoing  paragraphs  wUl  give  the 
reader  a  general  idea  of  revolving  storms. 

Let  us  now  go  a  little  further  into  this 
quite  interesting  subject  and  make  a  brief 
survey  of  the  storm  area  ijbself. 

From  the  nature  of  cyclonic  storms  it  is 
evident  that  the  wind  in  the  front  and  rear 
must  be  in  a  direction  perpendicular  to  the 
line  of  progression  a  6,  Fig.  3,  or  nearly  so; 
in  other  words,  if  the  cyclone  is  moving  in  a 
north-northeast  direction  the  wind  in  its 
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front  should  be  about  east-floutheast,  and  in 
the  rear  about  north-northwest  From  this 
an  important  conclusion  may  be  drawn, 
namely,  if  we  assume  the  area  of  the  cyclone 
to  be  divided  into  two  equal  parts  by  the 
line  of  progression  a  6,  and  another  line 
ed  IB  drawn  through  the  center  c  perpen- 
dicular to  a  6,  the  front  quadrant  6cd,  in 
which  the  wind  blows  toward  the  line  of 
progression,  or  track  of  center,  is  the  most 
dangerous  part  of  the  cyclone,  with  the 
exception  of  the  center  itself.  The  rear 
quadrant  acd  may  also  be  considered 
dangerous  because  the  direction  of  the  wind 
will  tend  to  carry  a  vessel  that  may  happen 
to  be  there  into  the  front 
quadrant  and  thence  in  the 
path  of  the  center.  These 
two  quadrants,  or  the  semi- 
circle adb,  is  therefore 
known  as  the  dangerous  umi- 
circle,  and  the  other  half  a  eh 
as  the  navigable  semicircle, 
since  the  wind  in  the  latter 
will  blow  away  from  in  front 
of  the  cyclonic  center. 
These  two  semicircles  change 
sides  in  different  hemi- 
spheres, the  dangerous  semi- 
circle Sklways  being  to  the 
right  of  the  line  of  progres- 
sion in  northern  latitudes 
and  to  the  left  in  southern 
latitudes.  It  will  be  noticed 
by  examining  Fig.  1  that  in 
both  cases  the  dangerous 
semicircle  (denoted  by  D)  is 
on  the  inner  side  of  the 
curved  track .  From  the  fore- 
going conclusions  rules  have 
been  drawn  up  for  the  use  of 
navigators  to  enable  them  to 
determine  on  which  tack  a 
ship  should  be  laid-to  when 
confronted  with  a  storm  of 
cyclonic  character,  the  object  of  these  rules 
being  to  prevent  the  wind  from  veering  by 
the  ship's  head  and  to  insure  its  veering  or 
shifting  constantly  farther  aft  so  that  she  may 
be  constantly  ''coming  up*'  to  the  wind, 
whereas  in  the  former  case  she  would  be 
"breaking  off''  from  the  wind,  and,  even 
with  no  sails  set,  would,  in  so  violent  a  gale, 
be  in  danger  of  being  driven  astern.  All 
positive  rules,  however,  are,  of  course,  more 
or  less  defective,  and  if  blindly  carried  out 
may  prove  dangerous.  The  rules  are,  never- 
theless, of  great  value  when  judiciously  used 
in  combination  with  a  good  judgment  of  pre- 


vailing circumstances.  The  first  thing  to  be 
done  when  a  navigator  has  good  reason  to 
believe  a  hurricane  is  approaching  is  to  find 
the  bearing  of  its  center  and  then  to  shape 
his  course  so  as  to  avoid  it  The  question 
then  naturally  arises,  When  is  there  a  good 
reason  to  believe  a  hurricane  is  approach- 
ing? The  best  general  information  on  this 
subject  is  undoubtedly  that  given  by  the 
Hydrographic  Office  and  printed  on  charts 
that  embrace  cyclone-infested  regions,  par- 
ticularly the  chart  of  the  North  Atlantic 
Ocean  dealing  with  West  Indian  hurricanes. 
Part  of  these  notes  are  reproduced  here, 
and  they  will  prove  of  great  interest  and 


Fig.  2 


usefuhiess  not  only  to  the  navigator  but  to 
all  inhabitants  of  coast  cities,  towns,  and  vil- 
lages situated  within  the  regions  through 
which  cyclones  usually  pass. 

The  earliest  indications  of  an  approaching 
hurricane  are  as  follows:  Barometer  above 
normal,  with  cool,  very  clear,  and  pleasant 
weather;  a  long,  low  ocean  swell  from  the 
direction  of  the  distant  storm;  light  feathery 
cirrus  clouds,  radiating  from  a  point  on  the 
horizon  where  a  whitish  arc  indicates  the 
bearing  of  the  center.  Unmistakable  signs 
of  the  storm  are:  falling  barometer;  halos 
about  the  sun  and  moon;  increasing  ocean 
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swell;  hot,  moiflt  weather,  with  light  varia- 
ble wiads;  deep  red  and  violet  tints  at  dawn 
and  sunset;  a  heavy  mountainons  cloud 
bank  on  the  distant  horizon;  barometer 
falling  rapidly,  with  passing  rain  squalls.  If 
from  the  cloud  bank  shreds  of  clouds  are 


Fig.  8 

seen  projected  forward  and  upward,  as  if  by 
some  violent  ascensional  movement  of  air, 
the  storm  center  is  dangerously  near. 

But  perhaps  the  most  timely  and  trusty 
indication  of  a  cyclone  is  often  the  rise  of  the 
thermometer  in  connection  with  a  reversal 
of  the  normal  wind.  Thus,  in  the  regions 
of  the  trade  winds,  a  brisk  westerly  wind 
suddenly  springing  up  should  at  once  arouse 
suspicion,  particularly  in  the  hurricane  sea- 
son. Equally  suspicious  is  a  strong  easterly 
wind  suddeidy  succeeding  the  normal  west- 
erly winds  prevailing  between  36°  and  40°  N. 
on  the  routes  between  the  United  States 
and  Europe.  Scarcely  anything  except  the 
indraft  of  a  deep  depression  can  be  sup- 
posed to  cause  the  sudden  change  of  the 
trade  winds  and  the  East  Indian  monsoon 
in  August  and  September.  A  cautious  navi- 
gator, therefore,  may,  by  attending  to  the 
abnormal  and  sudden  change  of  wind  direc- 
tion, foresee  that  he  is  in  front  of  a  revolv- 
ing gale  though  his  barometer  remains  high, 
the  sea  smooth,  and  none  of  the  usual  signs 
of  a  hurricane  can  be  distinguished  over- 
head. Being  convinced  that  the  approach- 
ing storm  is  of  a  cyclonic  character  the 
bearing  of  its  center  is  determined.  This 
is  done  by  facing  the  wind,  in  which  posi- 
tion the  center  may  be  assumed  to  bear  ten 


points  to  the  observer's  right  in  northern 
latitudes  and  ten  points  to  the  left  in  south- 
ern latitudes.  If,  however,  the  ship  has 
already  got  into  the  gale,  the  center  may  be 
less  than  ten  points,  say  eight  or  nine  points. 
Having  the  approximate  bearing  of  the 
storm  center,  the  next  thing  to  do  is  to  find 
the  position  of  the  ship  in  relation  to  the 
track,  or  line  of  progression,  of  the  storm. 
This  can  be  determined  by  the  shifting,  or 
veering,  of  the  wind.  In  the  northern  hemi- 
sphere, if  the  wind  shifts  to  the  right,  the 
ship  is  to  the  right  of  the  track,  as  at  S,  Fig. 
3,  or  in  the  dangerous  semicircle;  if  it  shifts 
to  the  left,  the  ship  is  to  the  left  of  the  track, 
as  at  Sij  or  in  the  navigable  semicircle. 
These  conditions  are  reversed  in  the  southern 
hemisphere.  But  if  the  wind  la  steady, 
shifting  but  very  slightly  and  increasing  in 
velocity,  it  indicates  that  the  ship  is  on  the 
track  and  in  front  of  the  storm  center,  as  at 
S^i  Fig.  3.  When  a  ship  is  well  within  the 
area  of  a  hurricane,  the  approach  of  the  cen- 
ter is  indicated  by  rapidly  falling  barometer, 
increase  of  wind  velocity,  heavy  squalls, 
intense  lightning  and  rain  in  combination 
with  a  heavy  confused  sea  and  continued 
shifting  of  the  wind  except  when  on  the  line 
of  progression.  The  receding  of  the  center  is 
usually  indicated  by  a  rising  barometer, 
more  steady  wind,  decreasing  in  force, 
weather  clearing,  but  the  sea  confused  and 
dangerous.  When  the  bearing  of  the  cen- 
ter and  the  ship's  position  in  reference  to  the 
line  of  progression  have  been  determined, 
the  following  rules  should  be  adhered  to  as 
far  as  circumstances  permit: 

If  on  the  track  of  the  storm  center  in  front 
of  the  advancing  storm,  run  or  steam  before 
the  wind  until  clear  of  the  track;  then  lay-to 
on  the  port  tack,  if  obliged  to.  If  in  the 
dangerous  semicircle,  steam  or  run  off  with 
the  wind  on  the  starboard  quarter;  if  obliged 
to  lay -to,  do  so  on  the  starboard  tack.  If  in 
the  navigable  semicircle,  steam  or  run  off 
with  the  wind  on  the  starboard  quarter;  if 
obliged  to  lay -to,  do  so  on  the  port  tack. 

These  rules  apply  to  the  northern  hemi- 
sphere and  to  cases  where  hurricanes  are 
encountered  in  the  open  sea.  If,  however, 
the  vessel  is  unable,  from  want  of  sea  room, 
to  perform  the  necessary  maneuvers,  her 
position  becomes  one  of  great  danger.  Every 
precaution  should  then  be  taken  to  prepare 
for  the  passage  of  the  storm  center  over  the 
ship.  In  entering  the  center,  which  may 
be  several  miles  in  diameter,  the  wind  sad- 
denly  ceases  and  glimpses  of  a  clear  sky  can 
be  seen  now  and  then,  interrupted  by  pofiy 
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sqnallfl.  The  sea  is  high  and  very  danger- 
cms,  apparently  coming  from  all  directions  of 
the  compaes.  After  the  center  hae  passed 
oyer,  the  ship  is  again  strnck  by  a  gale  of 
renewed  energy  and  harricane  force,  bnt  from 
the  oppogUe  d irection.  This  constitutes  one  of 
the  most  critical  dangers  known  to  seamen. 
The  best  thing  to  do,  it  seems,  when  canght 
in  the  center  of  a  harricane,  is  to  try  to  get 
the  vessel  in  such  a  position  as  to  best  meet 
the  opposite  wind,  which  may  be  expected 
to  burst  forth  very  quickly  and  violently, 
and  thereby  prevent  the  ship  from  gather- 
ing stemboard,  or  drifting  backward  in  a 
helpless  position  with  enormous  seas  break- 
ing over  her.  Only  strongly-built  vessels 
are  able  to  withstand  the  heavy  strain  they 
are  sul)jected  to  under  such  circumstances, 
and  many  ships  whose  names  now  figure  on 
the  list  of ''missing"  in  all  probability  met 
their  fate  in  the  center  of  a  revolving  storm. 

In  connection  with  hurricanes,  it  must  be 
borne  in  mind  that  although  the  region  and 
season  of  the  year  would  render  the  naviga- 
tor cautious,  yet  every  strong  wind  or  gale 
met  with,  particularly  in  the  tropical  regions, 
must  not  be  treated  as  cyclonic.  When 
there  is  reason  to  suspect  the  advance  of  a 
cyclonic  storm,  the  safest  proceeding  is  to 
lay-to  and  carefully  watch  the  barometer, 
and  note  the  appearance  of  the  weather  and 
the  shiftings  of  the  wind.  A  decided  drop 
of  the  atmospheric  pressure  of  at  least  half 
an  inch,  together  with  marked  shiftings  of 
the  wind,  should  be  experienced  before  it 
can  be  concluded  that  the  storm  is  cyclonic. 

So  much  for  the  danger  arising  from  the 
great  velocity  of  wind  and  the  heavy  sea 
produced  by  such  wind.  But  wind  is  not 
the  only  destructive  element  accompanying 
a  cyclone.  Another  danger  is  the  ''storm 
wave"  that,  so  to  speak,  follows  the  wake 
of  the  storm  center  and  at  times  completes 
the  work  of  destiuction. 

The  storm  wave  is  of  no  particular  impor- 
tance to  ships  that  have  plenty  of  sea  room; 
it  is  the  coast  cities  and  fishing  communities 
situated  on  low  land  that  will  feel  ite  effect 
when  struck  by  a  hurricane  advancing  from 
off-shore.  This  was  particularly  the  case  at 
Galveston.  The  wind  alone  would  never 
have  caused  such  loss  of  life;  it  might  have 
wrecked  a  great  many  less  substantially  con- 
structed buildings  and  thereby  caused  the 
death  of  a  considerable  number  of  the  inhab- 
itants, through  their  inability  to  escape  from 
the  strange  fate  of  being  buried  in  the  ruins 
of  their  own  homes,  but  such  high  figures 
as  are  now  written  on  the  death  list  of  Gal- 


veston would  never  have  been  reached  by 
the  agency  of  the  wind  alone.  It  was  that 
dangerous  ally  of  the  wind,  the  storm  wave, 
that  ran  these  figures  up  so  high. 

By  "storm  wave"  we  mean  the  wave 
raided  by  the  wind  and  the  atmospheric 
condition  of  the  hurricane,  which,  by  many, 
is  erroneously  termed  the  "tidal  wave." 
It  should  be  understood,  however,  that  the 
storm  wave  has  necessarily  no  connection 
with  the  phenomenon  of  tides  although  it 
may,  under  certain  circumstances,  be  affected 
by  it.  How  this  storm  wave,  which  hitherto 
has  been  given  but  slight  attention,  except 
for  its  effect,  is  produced  may  possibly  prove 
of  interest.  It  is  a  fact  well  known  to  stu- 
dents of  tides  and  tidal  phenomena  in  gen- 
eral that  the  atmospheric  pressure  has  a 
marked  effect  on  the  height  of  tides.  When 
the  barometer  is  low  the  tides  become 
higher  than  under  normal  atmospheric  con- 
ditions; in  other  words,  a  low  barometer, 
or,  what  is  the  same  thing,  a  less  pressure, 
will  produce  a  higher  tide.  Applying  this 
theory  to  cyclones,  the  cause  of  the  storm 
wave  is  readily  understood.  As  previously 
stated,  the  atmospheric  pressure  at  the 
storm  center  is  considerable  less  than  out- 
side of  the  storm  area;  consequently,  the 
equilibrium  of  the  water  being  disturbed  by 
unequal  pressure,  it  will  be  heaped  together 
and  rise  at  the  place  of  least  pressure,  which 
is  at  the  center  of  the  hurricane,  as  shown 


^ah 1 

Fio.4 

in  Fig.  4,  where  the  inner  circle  of  the 
upper  diagram  represents  the  storm  center 
with  an  atmospheric  pressure  of  28  inches 
or  less,  and  the  line  a  6  in  the  lower  dia- 
gram represents  the  height  of  the  storm 
wave  above  the  normal  surface  cd  of  the 
water  corresponding  to  such  pressure. 
While  in  these  diagrams  the  height  ah 
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and  the  length  c  d  are  greatly  oat  of  propor- 
tion, the  figure  will  nevertheleBS  serve  as  an 
illustration  of  how  the  storm  wave  is  pro- 
duced. The  height  at  which  the  water 
may  thus  be  raised  will  evidently  depend 
on  its  mass  or  depth.  Thus,  far  out  in  the 
ocean,  where  the  depth  is  considerable,  the 
height  attained  may  possibly  not  exceed 
two  or  three  feet  and  hence  not  be  per- 
ceptible on  account  of  the  enormous  sea 
caused  by  the  wind,  but  when  a  storm 
advances  toward  a  coast  and  the  depth 
decreases  the  height  of  this  wave  will 
increase  in  direct  proportion.  It  was  this 
storm  wave  that  flooded  Gralveston  and  put 
on  the  finishing  touches  of  destruction. 
Had  the  city  been  protected  by  a  break- 
water or  sea-wall  of  sufficient  height  and 
strength  this  greatest  catastrophe  of  recent 
years  would  have  been  averted,  or  at  least 
diminished.  Galveston  had  been  warned 
several  times  before,  by  previous  storms, 
and  the  city  had  been  flooded,  but  humanity 
seldom  accepts  the  lesson  of  experience. 

A  few  particulars  about  the  progressive 
motion  of  the  Galveston  hurricane  may  per- 
haps prove  a  fitting  conclusion  to  this  article. 
The  storm  originated,  about  August  30, 
southeast  of  Puerto  Rico.  For  some  days 
previous  to  that  date  a  decreasing  pressure 
and  abnormal  movement  of  the  cirrus 
clouds  indicated  that  a  storm  of  cyclonic 
nature  was  brewing.  On  the  morning  of 
September  1,  its  center  was  south  of  the 
Island  of  Santo  Domingo;  it  moved  slowly 
in  a  northwesterly  direction,  and  by  the 
morning  of  September  4  it  was  south  of 
the  middle  Cuban  coast  It  reached  Havana 
on  the  5th  without  very  destructive  wibds. 


On  the  morning  of  the  6th  the  center  wu 
slightly  north  of  Key  West,  and  by  the 
evening  of  the  same  day  it  was  near  the 
Florida   coast,  a   short  distance  south  of 
Tampa.     Then  came  a  sharp  turn  to  the 
west,    the  hurricane  gradually  gaining  in 
strength,  and  on  the  morning  of  Septem- 
ber   7    it   was    in   the    Gulf  of  Mexico, 
apparently  about  200  miles  south  of  the 
Mississippi  coast.    The  coast  of  Texas  and 
the  city  of  Galveston  was  reached  by  the 
storm  during  the  afternoon  of  September  8. 
From  there  it  turned  in  a  northerly  direc- 
tion, passing  through  the  Indian  Territory, 
Kansas,  and  the  extreme  easterly  portion 
of  Nebraska.    On  September  11,  it  reached 
the  region  of  the  Great  Lakes  and  caused 
considerable   damage  along  the  shores  of 
Lake   Erie,    especially   at   BufiGUo,    where 
several   buildings   under  erection   for  the 
Pan-American   Exposition   were  damaged. 
On  the  morning  of  September   12   it  left 
the  coast  of  Kova  Scotia  and  proceeded  sea- 
ward in  an  easterly  durection,  apparently 
following  the  transatlantic  steamship  route. 
It  had  by  this  time  lost  its  destructive  char- 
acter and  was  principally  engaged  in  causing 
general  rains  in  its  vicinity.    On  the  morn- 
ing and  throughout  the  day  of  September  25, 
its  effects  were  felt  in  England  and  in  the 
north  of  France  by  torrents  of  rains  and  high 
winds,  and  on  September  27th  it  made  its 
entry  into  the  North  German  States  and 
finally  dispersed  north  of  the  Baltic.    In  case 
the  European  dispatches  are  confirmed  by 
observers  of  the  transatlantic  fleet  they  will 
show  that  this  storm  was  the  greatest  on 
record,  it  having  traveled  a  distance  of  more 
than  7,000  nautical  miles. 


Scene  on  the  Texas.Coast  Near  (ialveston  thb  Day  After  the  Great  Hurricakb  Had  Swept  It 
Reproduced  from  Collier*  8  Weekly 
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CABLE  SPLICING 


The  Process  for  Rubber-Covered  Cables  and  for  Lead-Covered  Cables  With  Paper 
Insulation — Cutting  the  Sheath— Boiling  Out — Submarine  Cables 


THE  term  splice,  as  used  in  the  electrical 
indostriee,  la  defined  as  ''the  joining 
of  two  electric  conductors  in  such  a 
manner  as  to  make  a  continuous  electric 
circuit"  When  the  term  is  applied  to 
cables,  however,  it  refers  not  only  to  the 
joining  of  the  conductors  contained  therein, 
bat  also  to  the  joining  of  the  adjacent  ends 
of  the  cable  coverings  in  such  a  manner  as 
to  give  the  same  protection  for  the  conduct- 
ors at  the  point  of  splicing  as  is  afforded 
throughout  their  lengUi.  As  the  conductors 
of  electric  cables,  and  particularly  those 
used  in  telephony,  must  be  protected  in  the 
most  careful  manner,  both  against  mechan- 
ical injury  and  against  the  action  of  the 
weather,  it  is  very  essential  when  a  splice  is 
made  that  tb^  conductors   at  this   point 


aerial  and  subway  lines;  and  those  of  the 
third  class  for  Eubmarine  work  exclusively. 
In  splicing  rubber  cables,  the  adjacent 
ends  are  brought  together  and  the  braid 
covering,  tape  covering,  and  jute  serving  are 
peeled  back  to  a  point  4  inches  distant  from 
the  end,  and  the  wires  with  their  rubber 
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should  be  rendered  as  safe  as  at  any  other 
point  along  the  line.  Indeed,  it  might  be 
said  that,  for  reasons  that  will  appear  later, 
better  protection  should  be  afforded  here 
than  at  any  other  point  along  the  line. 
Owing  to  this  fact,  it  may  be  said  that  the 
distinctive  feature  of  cable  eplicing  is  the  pro- 
tection given  to  the  conductors  at  the  point 
of  their  junction. 

It  will  be  assumed,  in  this  article,  that 
the  reader  is  familiar  with  the  method  of 
manufacture  of  cables,  and  consequently  this 
point  will  not  be  touched  on.    Regarded 
^  from  the  stand- 

Aj  point  of  the  cable 

w*  splicer,  telephone 

v<  r       cables  are  divided 

mgill=^^^flHHH  i°^^  three  claEses: 
Pig.  2'*"'"*"'"^'"  (^^  **^^^®  having 
th  e  cond  uctors  pro- 
tected by  cotton  braiding;  (2)  those  having 
the  conductors  protected  by  a  lead  sheath; 
(3)  those  having  this  lead  eheath,  in  turn, 
protected  by  iron  wire  wound  helically  about 
its  length.  The  cables  of  the  first  class  are 
used  for  overhead,  or  aerial,  lines  exclu- 
sively; those  of  the  second  class  for  both 


insulation  thus  exposed.  The  insulation  is 
then  cleaned  off  each  wire  to  a  point  as  near 
the  beginning  of  the  braid  covering  as  pos- 
sible, care  being  taken  to  dean  the  wire  in 
such  a  manner  as  to  leave  the  sur&ce  bright 
and  shiny.  In  Fig.  1  will  be  seen  a  rubber- 
insulated  cable  end  prepared  for 
splicing.  The  braid  is  shown  at  a, 
the  tape  covering  at  6,  and  the  jute 
serving  at  c.  The  ends  of  the  wires 
are  shown  exposed  at «,  «^,  e^\  t^'\ 
and  the  rubber  insulation  is  shown 
at  d,  d^  d^^  d'^\  The  ends  of  both 
cables  having  been  thus  prepared, 
the  end  of  one  conductor  in  one  cable  is 
joined  to  the  end  of  one  wire  in  the  next, 
this  process  being  continued  until  all  the 
wires  have  been  connected. 

The  joining  of  the  ends  of  the  wires  is  the 
splicing,  and  it  is  done  in  two  ways:  either 
the  ends  are  brought  together  simply  twisted, 
as  shown  at  6,  Fig.  2,  or  they  are  treated  as 
shown  in  Fig.  3,  in  which  the  end  of  the  first 
wire  is  wrapped  around  the  second  wire 


■    jp  ~a 


Fio.  4 


and  the  end  of  the  second  wire  is,  in  turn, 
wrapped  around  the  first  but  in  the  reverse 
direction.  The  first  splice,  or  that  shown 
in  Fig.  2,  is  called  a  ''common  splice'';  the 
second,  shown  in  Fig.  3,  is  called  a  ''Western 
Union  splice.''  In  splicing  lead-covered 
cables,  the  former  is  always  used,  but  in 
splicing  braid- covered  cables,  the  Western 
Union  splice  only  is  permissible.  On  the 
whole,  the  Western  Union  splice  is  the  better, 
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as  it  hu  a  much  greater  tensile  strength. 
The  wires  in  the  mbber  cables  haying 
been  spliced,  each  joint  is  wrapped  with  a 
piece  of  approved  waterproof  tape  of  suf- 
ficient length  to  make  three  layers.    After 


Fig.  5 


this  has  been  done,  the  wires  at  the  splice 
are  wrapped  with  several  layers  of  heavy 
tarred  tape,  of  sufficient  length  to  render 
this  section  of  the  same  thickness  as  the 
cable.  This  wrapping  should  cover  the 
braid  on  the  cable  for  a  distance  of  three 
inches  from  the  points  where  it  is  cut.  This 
is  shown  in  Fig.  4,  where  a  and  a^  repre- 
sent the  ends  of  the  two  cables  that  have 
just  been  spliced,  and  6  represents  the  heavy 
tarred  tape  wrapping  about  the  point  of 
splicing.  In  the  last  two  years  there  has 
been  a  tendency  shown  to  solder  the  joints 
in  the  wires,  but  it  has  not  become  the 
universal  practice. 

The  work  of  splicing  lead-covered  cables 
is  more  elaborate  than  that  already  de- 
scribed, on  account  of  the  fact  that  the  lead 
sheath  must  be  made  continuous,  and  the 
conductors  must  be  protected  from  the 
weather   as   securely  at  this   point  as  in 
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the  cable  itself.  The  work  therefore  divides 
itself  into  two  parts:  that  of  properly  join- 
ing the  conductors,  and  that  of  properly 
joining  the  adjacent  ends  of  the  lead  sheath. 
Whatever  moisture  may  have  entered  the 


cable  ends  between  the  completion  of  the 
first  process  and  the  beginning  of  the  second 
must  be  expelled,  and  the  work  necessary 
to  accomplish  this  object  is  called  *' boiling 
out." 

The  two  cables  on  which  the  splice  is  to 
be  made  are  drawn  together  until  their  ends 
overlap  from  2  to  4  feet,  according  to  the 
nature  of  the  conditions.  When  splices 
have  to  be  made  in  manholes  where  the 
cables  are  made  to  either  bend  around  the 
side  of  the  hole  or  to  lie  loosely  on  its  floor, 
the  cable  ends  are  made  to  overlap  as  much 
as  4  feet,  in  order  to  give  sufficient  slack 
when  the  splicing  is  don&  When  cables  are 
suspended  from  poles,  however,  no  slack  is 
needed,  as  the  sag  is  not  increased  at  the 
point  of  splicing,  so  that  the  ends  are  made 
to  overlap  only  enough  to  allow  of  the  per- 
formance of  the  work  in  the  proper  manner. 
But  in  any  case  the  work  of  splicing  is  per- 
formed as  follows: 

The  lead  sheath  is  cut  away  from  both 
cable  ends  to  the  distance  of  1  foot,  and 
the  conductors 
and  their  paper 
insulation  ex- 
posed. It  is 
very  important, 
in  order  that  the 
conductors  may 
not  be  injured, 
that  the  sheath 
should  be  re- 
moved in  the 
proper  manner. 
The  tool  used 
for  this  work  is 
called  a  chip- 
ping knife,  and 
is  shown  in  Fig.  5.  It  will  be  seen  to  be  a 
heavy  broad-backed  blade  a  having  a  stout 
edge  c  and  a  handle  d.  It  is  made  of  tool 
steel.  In  Figs.  6  and  7  is  shown  the  proper 
method  of  removing  the  lead  sheath.  In 
Fig.  6,  at  a  point  about  2  feet  from  the  cable 
end,  a  circular  groove  is  cut  at  J?  in  the 
sheath  a.  In  doing  this  the  chipping  knife  C 
is  held  in  the  position  shown,  while  blows 
are  struck  with  a  hammer  on  the  head  D, 
in  the  direction  indicated  by  the  arrow,  so 
as  to  give  it  a  tangential  motion.  In  this 
way  the  sheath  is  cut,  without  the  knife 
being  allowed  to  cut  down  into  the  conduct- 
ors. This  groove  having  been  cut,  a  longi- 
tudinal incision  is  made  from  it  to  the  cable 
end.  The  method  of  holding  the  knife  for 
this  work  is  shown  in  Fig.  7,  where  b  repre- 
sents the  end  of  the  knife,  d  its  back,  and  e 
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it8  handle,  all  foreshortened.  As  before, 
the  blowB  are  struck  at  the  point  /,  and  the 
knife  is  thus  given  a  backward  and  tan- 
gential motion  combined,  which  rips  off  the 


sheath,  as  shown  at  c,  without  the  possibility 
of  injuring  the  conductors. 

The  sheath  having  been  thus  removed, 
the  conductors  are  prepared  for  splicing  in 
the  following  manner:  The  con- 
ductors are  spread,  and  the 
paper  insulation  removed  from 
each  to  a  point  about  4  inches 
from  the  end.  Over  each  con- 
ductor is  then  slipped  a  cotton  sleeve  about 
6  inches  long  and  of  sufficient  diameter  to 
slip  easily  over  the  insulation.  In  Fig.  8 
are    shown    the    conductors    spread    and 


slipped  over  the  joint,  as  shown  in  Fig.  12. 
This  process  is  continued  until  every  con- 
ductor in  one  cable  has  been  joined  to  a 
corresponding  one  in  the  next. 

The  actual  work  of  splicing 
having  been  thus  finished,  the 
moisture  that  has  accumulated 
on  the  conductors  and  paper  in- 
sulation during  the  time  of  their 
exposure  must  be  removed. 
This  is  done  in  the  following 
manner:  Melted  paraffin  is 
poured  on  the  conductors  and 
allowed  to  cool.  The  action  of 
the  paraffin  is  to  drive  out,  by 
^  its  heat,  whatever  moisture  may 
be  contained  in  the  paper  and 
saturate  its  pores  so  as  to  make  it  imper- 
vious to  further  dampness.  At  the  comple- 
tion of  this  part  of  the  work,  the  splice 
takes  on  the  appearance  shown  in  Fig.  13, 


Fio.  9 
cleaned.  At  a  is  seen  the  end  of  the  sheath, 
at  b  the  exposed  paper  insulating  covering 
of  the  conductors,  and  at  c  the  conductors 
cleaned  of  the  insulation  preparatory  to  spli- 
cing. In  Fig.  9  is  shown  one 
conductor  over  which  has  been 
slipped  the  woven  cotton  sleeve 
6.  At  a,  a  will  be  seen  the  insu- 
lated conductor,  and  at  c  the 
same  conductor  cleaned  of  insulation.  In 
Fig.  10  will  be  seen  one  conductor  spliced  to 
a  corresponding  one  in  the  next  cable.  As 
before,  a,  a  is  the  insulated  conductor  of  the 
one  cable,  and  a^  that  of  the  other.    At  c 
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where  the  sheaths  of  the  two  cables  are 
shown  at  a  and  a^,  the  insulated  conductors 
at  h  and  6^,  and  the  protecting  sleeve  at  c. 
It  wUl  be  well  to  review  at  this  point  the 
work   that   has   already   been 
accomplished.    First  of  all,  the 
^  lead    sheaths    have   been   cut 

"^^^  H^^J^^  away,  to  admit  of  the  proper 
handling  of  the  cond  uctors ;  the 
conductors  have  been  properly  joined;  and 
the  accumulated  moisture,  consequent  upon 
the  removal  of  the  lead  covering,  has  been 
boiled  out.    There  yet  remains   the  final 
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will  be  seen  their  naked  ends  joined  by  a 
"common  splice.''  The  splice  having  been 
thus  made,  the  joined  ends  are  bent  fiat,  as 
shown  at  c,  Fig.  11,  and  the  sleeve  b  is 
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work  of  joining  together  the  parted  ends  of 
the  lead  sheath  so  as  to  give  the  conductors 
at  the  splice  the  same  protection  provided 
for  them  throughout  the  cable  length,  and 
also  to  preserve  as  nearly  intact  as  possible 
the  tensile  strength  of  the  cable 
as  a  whole.  This  is  accom- 
plished by  making  what  the 
plumber  calls  a  *' wiped  joint.'' 
It  is  done  in  the  following  man- 
ner: Before  the  work  of  joining 
the  conductors  is  started,  a  lead  ''sleeve"  of 
somewhat  larger  diameter  than  that  of  the 
cable  is  slipped  over  one  of  the  sheaths. 
This  sleeve  must  be  about  8  inches  longer 
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than  the  distance  between  the  ends  of  the 
two  Bheatbfl  after  the  splice  has  been  made. 
Upon  the  completion  of  the  work  already 
described,  this  sleeve  is  moved  ap  so  as  to 
cover  the  exposed  conductors,, with  its  two 
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ends  overlapping  by  4  inches  those  of  the 
two  sheaths. 

At  d,  in  Fig.  14,  is  shown  this  sleeve  before 
being  moved  to  its  proper  place.  The  two 
sheaths  will  be  seen  at  a  and  a^,  the  con- 
ductors at  b  and  I/,  and  the  cotton  sleeves 
at  c.  The  surflEtoe  of  the  sheath  is  now 
scraped  bright  and  clean,  and  the  lead 
sleeve  is  moved  into  plaice.  This  being 
done,  its  ends  are  hammered  down  so  as 


Submarine  cables  are  seldom  spliced.  It 
is  well  to  avoid  this  work  wherever  pos- 
sible. There  are  times,  however,  when  it 
must  be  done,  and  then  the  utmost  care  must 
be  taken  to  secure  perfect  insulation  at  the 
splice  and  also  security  from  mechanical 
ii^jury.  The  conductors  of  submarine  tele- 
phone cables  are  usually  made  of  three 
strands  of  No.  22  B.  &  S.  gauge  wire,  to  give 
sufficient  conductivity  and  yet  insure  the 
requisite  flexibility.  The  insulation  ii 
usually  rubber.  In  making  a  submarine 
splice,  the  armor  wires  are  bent  back  and 
unwound  for  a  distance  of  about  two  feet 
from  the  end  of  the  cable,  to  expose  the 
lead  sheath.  As  in  the  case  of  the  lead 
cable,  the  sheaths  are  removed  to  give 
access  to  the  conductors.  The  wires  are 
joined  by  the  common  splice  and  soldered. 
The  joints  are  protected  with  several  layers 
of  tape,  and  the  conductors  are  bound  up 
with  two  or  three  layers  of  tape.    A  wiped 
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to  make  a  binding  fit  upon  the  sheath. 
This  is  shown  in  Fig.  15.  It  will  be  seen 
that  the  ends  of  the  lead  sleeve  are  ham- 
mered down  so  as  to  fit  tightly  over  the 
sheath.  The  cable  splicer  is  provided  with 
a  pot  in  which  is  melted  lead.  Underneath 
this  pot  is  placed  a  charcoal  or  gasoline  fur- 
nace. When  the  lead  has  been  melted,  it 
is^ured  gently  over  the  junction  between 
the  [sleeve  and  the  cable  sheath  with  one 


joint  is  then  made  as  already  described,  and 
the  work  is  completed  with  the  exception  of 
splicing  the  armor  wires. 

Armor  wires  are  generally  made  of  gal- 
vanized steel  .22  inch  in  diameter.  They 
are  wound  on  helically  and  held  in  place 
by  a  layer  of  tarred  oakum.  In  splicing, 
eteel  sleeves  two  inches  long  and  of  sufficient 
diameter  to  fit  tightly  over  the  armor  wires 
are  slipped  over  those  of  one  cable.    The 


Fig.  15 


hand,  and  is  patted  and  smoothed  into 
shape  by  the  other,  which  is  protected  by 
a  mat  made  for  the  purpose.  The  molten 
lead  thus  poured  on  forms  a  perfectly  air- 
tight joint  and  one  that  has  very  nearly  the 
same  tensile  strength  as  the  cable  shoath 
itself.  This  last  performance  completes  the 
work  of  splicing. 


armor  wires  are  then  cut  to  such  a  length  as 
to  make  those  on  one  cable  butt  against 
those  on  the  other  when  they  are  lying  in 
their  proper  positions  on  the  sheath.  The 
joints  are  soldered. 

The  method  of  testing  out  conductors 
before  and  after  splicing  will  form  the  sub- 
ject of  another  paper. 
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John  A.  Grening 


Efficiency  of  Joints — Limitations — Practical  Considerations — Rules  for  Proportioning 
Joints— The  Actual  Design  of  Joints 
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UDGING  from  the  nameroaB  requests 
received  from  readers,  the  sahject  of 
calcalating  the  streDgth  of  joints  for 
steam  hoilera  and  the  method  of  designing 
the  joints  are  not  generally  understood. 
It  will  be  found,  when  the  literature  bear- 
ing upon  this  subject  is  examined  with  a 
view  of  profiting  by  a  study  of  it,  that  in  the 
great  majority  of  standard  textbooks  the 
subject  is  treated  from  the  purely  theoret- 
ical standpoint,  and  on  applying  the  theo- 
retical formulas  deduced  results  are  often 
obtained  that,  viewed  in  the  light  of  experi- 
ence, appear  rather  strange,  to  say  the  least 
None  of  the  textbooks  that  the  writer  has 
ever  seen  up  to  this  time  shows  the  actual 
method  of  procedure  of  designing  a  joint, 
by  the  exercise  of  judgment,  for  the  maxi- 
mum efficiency  attainable  with 'the  style  of 
joint  chosen,  as  has  been  attempted  in  this 
article.  Now,  as  fur  as  purely  theoretical 
rules  for  designing  joints  go,  they  serve  a 
useful  purpose;  strange  results  obtained  by 
their  use  must  not  he  charged  against  the 
rtUet,  but  rather  against  the  user  of  them, 
since,  in  applying  these  rules,  at  least  one 
dimension  has  to  be  assumed.  The  result 
depends  entirely  on  the  correctness  of  the 
assumption  that  has  to  be  made;  if  it  hap- 
pens to  be  within  a  certain  range,  the  joint 
will  have  a  high  efficiency  and  be  properly 
proportioned.  If  the  dimension  was  assumed 
outride  of  that  range,  the  result  may  be 
such  as  to  make  the  joint  worthless,  viewed 
from  the  standpoint  of  the  boilermaker  and 
engineer.  For  this  reason  it  is  necessary 
for  the  designer  to  know  the  limits  that 
practical  experience  has  shown  must  not 
be  exceeded.  These  limits  are  not  very 
sharply  defined,  as  will  appear  later  on, 
when  the  rules  given  by  different  authorities 
are  compared.  They  are  definite  enough, 
however,  to  prevent  a  ridiculous  design,  if 
the  derign  is  checked  by  them. 

In  order  to  design  a  joint,  it  is  necessary 
for  the  reader  to  understand  the  different 
ways  in  which  riveted  joints  may  fail,  what 
is  meant  by  efficiency  of  a  joint,  how  the 
efficiency  may  be  calculated,  and  how  the 
strengths  of  the  component  parts  of  a  joint 
are  calculated  and  compared  with  each  other. 


It  is  the  aim  of  the  derigner,  when  design- 
ing a  rivet  joint,  to  distribute  and  propor- 
tion the  rivets  in  such  a  manner  that  the 
strength  of  the  joint  shall  be  as  nearly  equal 
to  the  strength  of  the  solid  plate  as  is  prac- 
ticable. The  ratio  between  the  strength  of 
the  plate  and  the  strength  of  the  joint  is 
called  the  effidmcy  of  the  joint,  and  is  com- 
monly expressed  as  a  percentage  of  the 
strength  of  the  solid  plate.  It  is  customary, 
when  calculating  the  efficiency  of  a  joint, 
to  consider  the  plate  to  be  divided  into 
a  number  of  equal  strips,  at  a  right  angle 
to  the  joint  Conceiving  the  riveting  to 
be  divided  into  equal  groups,  the  width 
of  the  equal  strips  is  to  be  such  as  to  enclose 
one  group  of  rivets. 

The  lines ^ Band  CD  in  Fig.  1  indicate 
the  width  of  the  strip  containing  a  group  of 
rivets.  For  single-riveted,  double  zigzag- 
riveted,  and  double  chain-riveted  lap  joints 
and  butt  joints,  and  triple-riveted  lap  joints 
the  width  of  the  strip  will  be  equal  to  the 
pitch  of  the  rivets.  In  a  triple-riveted  butt 
joint  with  two  cover  plates  and  every  alter- 
nate rivet  in  the  outer  row  left  out,  as 
shown  at  {h),  Fig.  1,  the  width  of  the  strip 
is  to  be  taken  i^  equal  to  the  pitch  of  the 
rivets  in  the  outride  row. 

In  order  to  determine  the  effidency  of  the 
joint,  its  reristance  must  be  computed  for 
each  of  the  different  ways  in  which  it  may 
fiul.  Then,  if  100  times  the  lowest  resist- 
ance of  the  several  parts  of  the  joint  is 
divided  by  the  reristance  of  the  solid  plate, 
the  efficiency  of  the  joint  will  be  obtained, 
expressed  in  per  cent 

A  riveted  joint  may  fkil  in  one  of  several 
ways:  (1)  The  plate  may  break  along  the 
rivet  holes,  as  shown  at  a,  Fig.  2;  this  shows 
the  rivets  to  be  stronger  than  the  plate. 
(2)  The  rivets  may  shear  off,  as  shown  at  b; 
this  indicates  that  the  plate  is  stronger  than 
the  rivet  (3)  The  plate  in  front  of  the  rivet 
may  shear  out,  as  shown  ate.  (4)  The  plate 
may  crush  in  front  of  the  livet  Experi- 
ments show  that  when  the  different  kinds  of 
joints  fail  by  breakage  of  the  plates,  this 
breakage  occurs  most  often  in  the  manner 
shown  in  Fig.  1 — that  is,  along  the  line 
a  a  through  the  rivet  holes.    It  is  evident 
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that  the  rivet  hole  has  the  effect  of  redacing 
the  area  of  the  section  of  the  strip  by  an 
amount  equal  to  its  diameter  multiplied  by 
the  thickness  of  the  plate.  The  difference 
between  the  original  cross-sectional  area  of 
the  strip  and  the  product  obtained  by  multi- 
plying the  diameter  of  the  rivet  hole  by  the 
thickness  of  the  plate  is  the  net  area,  or  the 
net  section,  of  the  strip. 

Double  zigzag-riveted  joints  have  been 
known  to  fail  along  lines  drawn  from  the 
center  of  one  rivet  in  one  row  to  the  center 
of  the  next  rivet  in  the  adjacent  row.  With 
the  rivet  spacing  ordinarily  employed,  the 
liability  of  the  joint  to  fail  in  this  manner  is 
small;  and,  as  it  is  a  rather  difficult  matter 
to  calculate  the  resistance  to  failure  along 
these  diagonal  lines,  it  is  customary  to  dis- 
regard it  and  calculate  the  resistance  of  zig- 
zag-riveted joints,  on  the  assumption  that 
failure  will  take  place  along  the  line  a  a, 
Fig.  1. 
Let  R  =  the  resistance  of  the  solid  strip 
to  tensile  stress; 
R^  =  the  resistance  of  the  net  section 

of  the  strip  to  tensile  stress; 
R^  =■'  total  resistance  of  the  rivets  in 

the  strip  to  shearing  stress; 
t    =  thickness  of  strip,  in  inches; 
w    =  width  of  strip; 
N   =  number    of    rivets    resisting 

shear; 
d    =  diameter  of  rivet  hole; 
p    =  pitch  of  rivets; 
T    =  ultimate  tensile  strength   per 

square  inch  of  section; 
8    =  ultimate  shearing  strength  per 
square  inch  of  section. 
The  resistance  of  the  solid  strip  to  tensile 
stress  is  given  by  the  following  rule: 

RuLB  1. — AftUtiplyiheuUimate  tensile  strength 
of  the  material  by  the  thickness  of  the  plate  and 
the  width  of  the  strip; 
or,  R  =  Ttw. 

The  resistance  of  the  net  section  of  the 
plate  to  a  tensile  stress  is  given  by  the  fol- 
lowing rule: 

Rule  2. — From  the  width  of  the  strip  subtract 
the  diameter  of  the  rivet  hole.     Multiply  the  re- 
mainder by  the  thickness  of  the  plate  and  its 
ultimate  tensile  fdrcngth; 
or,  R^=  (w-  d)  t  T. 

When  the  joint  is  subjected  to  tensile 
stress,  there  will  be  a  tendency  to  shear  the 
rivets.  In  lap  and  butt  joints  with  single 
cover  plates,  the  rivets  are  in  single  shear; 
in  butt  joints  with  double  cover  plates  they 
are  in  double  shear.  In  triple-riveted  butt 
joints  designed  as  shown  at  (A),  Fig.  1,  where 


the  inside  cover  plate  is  wider  than  the  one 
on  the  outside,  the  two  inside  rows  of  rivets 
are  in  double  shear  and  the  outside  row  in 
single  shear. 

The  reader  is  cautioned  against  consider- 
ing a  butt  joint  like  that  shown  at  («),  Fig.  1, 
as  a  double-riveted  joint  The  butt  joints  in 
Fig.  1  are,  respectively:  («),  single  riveted; 
(/),  double  zigzag  riveted;  {g),  double  chain 
riveted;  and  (/t),  triple  riveted.  That  the 
joint  shown  at  {e)  is  single  riveted  follows 
from  the  fact  that  the  separation  of  one  plate 
from  the  other  is  opposed  by  only  one  row 
of  rivets. 

The  shearing  resistance  of  rivets  in  double 
shear  is  not  twice  their  resistance  in  single 
shear,  as  is  often  assumed.  Experiments  on 
steel  and  iron  rivets  at  the  Watertown 
Arsenal  have  shown  that  their  resistance 
in  double  shear  averages  1.85  times  their 
resistance  in  single  shear. 

The  shearing  resistance  of  the  rivets  in  the 
strip  considered  may  be  calculated  as  follows: 

Rule  3. — Multiply  the  area  of  the  rivet  hole  by 
the  number  of  rivets  resisting  the  shear  in  the  strip 
considered.  Multiply  this  product  by  the  ulti- 
mate shearing  strength  of  the  rivet  material. 
When  the  rivets  are  in  double  shear^  muifiply 
again  by  1.85; 

or,     R,=  d^X  .7854  NS  for  single  shear, 
and  R,~=  d^X  .7854  NS  X  1.85  for  double 
shear. 

The  attention  of  the  reader  is  called  to 
the  fact  that  the  area  of  the  rivet  hole  is  used 
in  calculating  the  shearing  resistance  of  the 
rivets.  It  is  the  usual  practice  to  make  the 
rivet  hole  tV  ^^^^  larger  than  the  rivet 
When  the  rivet  is  driven  it  fills  the  hole, 
and  its  new  area,  which  is  equal  to  the  area 
of  the  hole,  in  conjunction  with  the  shears 
ing  strength  of  the  material,  determines  the 
shearing  resistance. 

Considering  the  case  of  failure  by  shearing 
out  and  crushing  in  front  of  the  rivet,  ex- 
periments have  shown  that,  with  the  rivet 
spacing  and  proportions  usually  employed, 
there  is  no  danger  of  the  joint  failing  in  this 
manner  if  the  distance  irom  the  center  of 
the  rivet  to  the  edge  of  the  plate  is  made 
one  and  a  half  times  the  diameter  of  the 
rivet  hole. 

The  efficiency  of  a  joint  may  be  investi- 
gated by  applying  rules  1,  2,  and  3.  First 
of  all,  determine  the  resistance  of  the  solid 
plate,  then  the  resistance  of  the  net  section 
to  tensile  stress,  and  finally  the  shearing 
resistance  of  the  rivets;  then  find  the 
efficiency  as  explained  at  the  beginning  of 
the  article. 
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Example. — In  a  single-riveted  lap  joint,  as 
abown  at  (a),  Fig.  1,  the  pitch  of  the  rivets 
ifl  2  inches;  the  rivet  holes  are  i  inch  in 
diameter;  the  plate  is  f  inch  thick  and  has 
an  ultimate  tensile  strength  of  55,000  pounds 
per  square  inch  of  section.  Taking  the  ulti- 
mate shearing  strength  of  the  rivet  material 
at  38,000  pounds  per  square  inch  of  section, 
what  is  the  efficiency  of  the  joint? 

Solution. — According  to  the  statement 
previously  made,  a  strip  2  inches  wide  is  to 
be  considered.  By  rule  1,  its  resistance  to  a 
tensUe  stress  is  55,000  X  2  X  i  =  41,250  lb. 
By  rule  2,  the  resistance  of  the  net  section 
to  a  tensile  stress  is  (2  —  J)  X  55,000  X  * 
=  23,203  lb. 

As  there  is  one  rivet  in  the  strip  in  single 


Solution. — ^According  to  the  statement 
previously  made,  a  strip  3^  inches  wide  is 
to  be  considered.  The  resistance  of  the 
solid  strip  to  a  tensile  stress,  by  rule  1,  is 
60,000  X  3i  X I  =  73,125  lb.  By  rule  2,  the 
resistance  of  the  net  section  to  a  tensile 
stress  is  (3t—H)X  60,000  X  i  =  54,843.7  lb. 
There  being  three  rivets  in  single  shear  in 
the  strip  to  resist  the  shearing  stress,  the 
shearing  resistance,  by  rule  3,  is  (H)'X 
.7854  X  3  X  38,000  =  59,107.5  lb. 

The  calculations  show  that  the  net  section 
of  the  plate  is  weakest    The  efficiency  of 

K4.  QAO  7 

the  jomt  is  ^^|^  X 100  =  75%.    Ans. 

Examplb,— Find  the  efficiency  of  a  triple- 
riveted  butt  joint  with  two  cover  plates, 

A 


Fig.  1 


shear,  its  shearing  resistance,  by  rule  3,  is 

ayX  .7854  XIX  38,000  =  22,850  lb. 

Comparing  the  two  resistances,  it  is  seen 

that  the  joint  will  fail  by  shearing  the  rivet. 

22  850 
The  efficiency  of  the  joint  is  ^^ 'ocq  X  100 

=  55.4%,  nearly.    Ans. 

Example. — In  a  triple-riveted  lap  joint, 
such  as  shown  at  (d).  Fig.  1,  the  pitch  of 
the  rivets  is  3^  inches;  the  rivet  holes  are 
\i  inch  in  diameter;  the  plate  is  |  inch  thick, 
and  has  an  ultimate  tensile  strength  of 
60,000  pounds  per  square  inch  of  section; 
the  ultimate  shearing  strength  of  the  rivet 
iron  is  38,000  pounds  per  eqaare  inch  of 
section.    Find  the  efficiency  of  the  joint. 


having  every  alternate  rivet  in  the  outer 
row  left  out.  The  outer  row  of  rivets  is  in 
single  shear  and  the  inner  rows  are  in  double 
shear  [see  (/i).  Fig.  1];  the  pitch  of  the 
rivets  in  the  inner  rows  is  3|  inches,  in 
the  outer  row  7}  inches;  the  rivet  holes 
are  1  inch  in  diameter;  the  plate  is  i  inch 
thick,  and  has  an  ultimate  tensile  strength 
of  55,000  pounds;  the  shearing  strength 
of  the  iron  rivets  is  38,000  pounds  per 
square  inch  of  section. 

Solution. — According  to  the  previous 
statement,  a  strip  7i  inches  wide  is  to  be 
considered.  The  resistance  of  this  strip  to 
teneile  stress,  by  rule  1,  is  55,000  X  i  X  7}  = 
206,250   lb.    By  rule   2,  the  resistance  of 
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the   net   section  of  the  plate  is  (7^  —  1) 
X  55,000  X  J  =  178,750  Ih. 

In  the  strip  we  are  considering,  there  are 
foar  rivets  in  doable  shear  and  one  rivet 
in  single  shear.  Then,  the  total  shearing 
resistance  is  the  sum  of  the  resistances  of 
the  five  rivets.  By  rale  3,  the  resistance 
of  the  rivet  in  single  shear  is  1'  X  -7854  X 1 
X  38,000  =  29,845.2  lb.  By  the  same  rale, 
the  resistance  of  the  foar  rivets  in  doable 
shear  is  !•  X  .7854  X  4  X  38,000  X  1.85  = 
220,854.5  lb.,  nearly.  Hence,  the  total  re- 
siBtance  to  the  shearing  stress  is  220,854.5 
+  29,845.2  =  250,699.71b.  The  calculations 
show  the  net  section  of  the  plate  to  be 
weakest.  The  efficiency  of  the  joint  la  then 
178,750 , 


206.250 


X100  =  86.66^.    Ana. 


Although  it  may  at  first  appear  possible 
to  design  a  riveted  joint  to  give  the  maxi- 
mum strength  for  a  certain  plate  and  quality 
of  rivets,  merely  by  an  application  of 
the  principles  of  strength  of  materials,  a 
closer  investigation  of  the  problem  will 
prove  that,  owing  to  the  number  of  oondi- 
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tions  imposed,  it  is  impossible  to  formulate 
a  theoretical  rule  for  the  solution  of  the 
general  problem.  Either  the  diameter  of 
the  rivets  or  the  pitch  must  be  assumed  and 
a  joint  designed  that  will  fulfil  the  con- 
ditions of  equality  between  strength  of 
rivets  and  strength  of  plate,  but  it  is  impos- 
sible to  derive  a  general  rule  by  means 
of  which  the  diameter  or  the  pitch  of  rivets 
that  will  secure  the  maximum  strength  of  joint 
for  a  given  thickness  and  quality  of  plate 
can  be  directly  calculated.  On  account  of 
these  limitations  the  design  of  a  joint 
that  will  give  the  maximum  efficiency  is 
a  tentative  problem.  Either  the  diameter 
or  the  pitch  may  be  assumed  and  the  effi- 
ciency of  the  corresponding  joint  may  be 
calculated.  Another  size  or  pitch  of  rivet 
may  then  be  chosen  and  the  efficiency  of 
the  corresponding  joint  calculated.  The 
second  efficiency  compared  with  the  first 
will  show  in  which  direction  a  change  in 
dimensions  will  be  likely  to  give  the  best 
resolts.    A   few   trials   of   this   kind   will 


reveal  the  dimensions  required  to  give  the 
most  satisfactory  results. 

Practical  considerations  limit  the  design 
to  a  narrow  range  of  values  of  diameters 
and  pitch.  Commercial  sizes  of  rivets  and 
thickness  of  plates,  the  greatest  pitch  with 
which  a  steam-tight  joint  can  be  secared, 
and  the  smallest  pitch  that  will  permit  of 
the  formation  of  rivet  heads  must  all  be 
considered.  It  is  also  customary  to  make 
the  pitch  some  even  number  of  inches, 
or,  when  fractions  are  used,  to  restrict  them 
to  such  numbers  as  halves,  quarters,  or 
eighths  of  an  inch. 

In  consequence  of  the  limitations  within 
which  theory  can  be  applied  and  the  prac- 
tical features  of  the  work,  many  designs  of 
riveted  joints  are  based  on  a  series  of  simple 
empirical  rales  and  on  tables  of  dimensions 
that  have  been  found  by  experience  to  give 
satisfactory  results. 

Regarding  the  pitch  of  rivets  which  must 
not   be   exceeded   if  the  joint   is  to  be 
steam-tight  when  under  pressure,  compe- 
tent authorities  differ  somewhat    The  dif- 
ference of  opinion 
accounts  for  much 
of  the  difference  in 
results  that  will  be 
obtained  from  the 
formulas  proposed 
by  different  author- 
ities on  boiler  de- 
sign. 
The  meaning  of 
the  symbols  used  in  the  following  practical 
rules  and  formulas  is  defined  below. 
p   =  pitch  of  rivets; 
n   =  number  of  rows  of  rivets; 
p^  =  maximum  pitch  allowable; 
Pa  =  diagonal  pitch; 
d   =  diameter  of  rivet  hole; 
=  diameter  of  rivet; 
=  thicknoES  of  plate; 
=  distance  between  adjacent  rows  of 

rivets; 
=r  distance  from  center  of  rivet  to  edge 

of  plate; 
=  lap. 

The  Board  of  Supervising  Inspectors  oi 
Steam  Vessels,  in  their  rules  and  regalationfl 
governing  the  construction  of  steam  boilers 
for  marine  purposes,  prescribe  the  follow- 
ing rules  for  single-  and  doable-riveted  lap 
joints: 

d^  =  «H-f  for  iron  plates  and  iron  rivetf, 

single-riveted  lap  joint;  (a) 
rf/  r=  t-\-^^^  for  iron   plates  and  iron 
rivets,  double-riveted  lap  joint;  (b^ 


d^ 

t 


I 
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d^  =  t-{-  ^^^  for  Bteel  platee  and  steel 
rivete,  single-riveted  lap  joint;  (c) 

d'  =  t-h  V  for  steel  platee  and  steel 
rivets,  double-riveted  lap  joint;  (d) 
.7864  d^n 


P  = 


+  d^  for  iron  plates  and 


iron  rivets;  (e) 

.64515  d^n  ,    ,,  .     ^    ,    ,  ^  , 

p   =  -\-d^  tor  steel  plates  and 

8teel  rivets;  (f ) 
p„  =  1.31  i  +  1|^^  for  single-riveted  lap 

joints;  (g) 
p,  =  2.62  H-  If^^  for  double-riveted  lap 

joints;  (h) 

Prf  =        10  —  ^^^  double  zigzag-riveted 

lap  joints;  (i) 

4d^+  1 
r   =        2       for  double  chain-riveted  lap 

joints;  (k) 

r    =^'(l^^  +  Yo'>(''  +  ''^->  for  double 

zigzag-riveted  lap  joints;  (1) 
e   =  I6d\  (m) 

The  American  Boiler  Manufacturers'  Asso- 
ciation, in  their  **  Uniform  American  Boiler 
Specifications,"  adopted  October,  1898,  in  sec- 
tion 10,  specify:  Approximately  make  rivet 
holes  double  the  thickness  of  thinnest  plate 
Id  =  2  <,  approximately;  (n)].  Make  pitch 
three  times  the  diameter  of  the  rivet  hole 
Ip  =  Zd;  (o)].  Make  the  distance  between 
the  center  lines  of  rows  of  staggered  rivets 
equal  to  one-half  the  pitch  [v  =  .5p;  (j>)]. 
Make  lap  for  single  riveting  equal  to  the 
pitch  [l  =  p;  (q)].  Make  lap  for  double 
riveting  one  and  one-third  times  the  pitch 
[2  =  li  p;  (r)].  For  each  additional  row  of 
rivets  in  excess  of  double  riveting,  add  one- 
half  the  pitch  to  the  lap  [l  =  1|  p,  for  triple 
riveting;  ( s)  ] .  [^  =  2 J  p  for  quadruple  rivet- 
ing; (t)].  Exact  dimensions  of  the  joint  are 
to  be  determined  by  making  the  resistance 
to  shear  of  rivets  at  least  10  per  cent  greater 
than  the  resistance  to  tensile  stress  o(  the  net 
section  of  the  plate. 

For  double-riveted  butt  joints  with  two 
cover  plates,  the  English  Board  of  Trade 
prescribes  that  the  pitch  of  the  rivets  must 
not  exceed  that  given  by  the  following 
formula: 

p«  =  3.5(+ir.     (u) 

For  triple-riveted   butt  joints  with   two 
cover  plates,  the  same  authority  gives 
p^  =  4.63<  +  ir.     (V) 

For  finding  the  diagonal  pitch  for  butt 
joints  with  one  or  two  cover  plates,  formula 
(i)  may  be  used. 


When  one  cover  plate  is  used,  make  its 
thickness  not  less  than 

lit.    (w) 

For  two  cover  plates,  the  thickness  of 
each  should  not  be  lees  than 

The  Hartford  Steam  Boiler  Inspection  and 
Insurance  Co.  have  designed  and  recom- 
mend the  joints  given  in  the  accompanying 
table,  the  designs  being  for  steel  plate  and 
iron  rivets.  With  the  values  of  the  ultimate 
tensile  and  shearing  strengths  given,  the 
efficiency  of  these  joints  is  found  in  the  last 
column. 

The  efficiency  of  a  riveted  joint  depends 
upon  several  interdependent  factors:  the 
diameter  of  the  rivet  when  driven,  the  pitch 
of  the  rivets,  the  ultimate  tensile  and  shear- 
ing strength  of  the  material,  and  the  dis- 
position of  the  rivets.  A  change  in  either 
one  or  more  of  these  factors  will  alter  the 
efficiency  of  the  joint. 

For  illustration,  take  a  single- riveted  lap 
joint  for  a  plate  ^  inch  thick,  having  a 
diameter  of  rivet  hole  of  \i  inch  and  a 
pitch  of  2i  inches.  The  plate  has  a  tensile 
strength  of  60,000  pounds,  and  the  rivet  a 
shearing  strength  of  38,000  pounds.  This 
j  oint  will  have  an  efficiency  of  49.5  ^ ,  nearly. 

All  other  data  remaining  the  same,  with 
the  exception  of  the  tensile  strength  of  the 
plate,  which  we  will  now  take  at  55,000 
pounds,  the  same  joint  will  have  an  efficiency 
of  53.9^,  nearly. 

The  reader  is  here  cautioned  against  the 
error  of  assuming  that  a  low  tensile  strength 
of  the  plate  will  be  conducive  to  a  stronger 
joint  The  calculations  just  given  are 
merely  intended  to  show  that  a  change 
in  one  or  more  of  the  factors  entering  into 
the  problem  will  work  a  corresponding 
change  in  the  ratio  between  the  strength  of 
the  joint  and  the  strength  of  the  solid  plate. 

The  general  method  of  procedure  outlined 
below  may  be  followed  in  designing  a  joint. 

1.  Fix  on  the  maximum  permissible  pitch 
for  the  type  of  joint  and  the  thickness  of 
plates  to  be  used. 

2.  Choose  a  standard  diameter  of  rivet  that 
sgrees  as  closely  to  practice  for  this  style  of 
joint  as  may  be  determined  by  the  data 
available;  in  the  absence  of  data  use  judg- 
ment. 

3.  Calculate  the  shearing  strength  of  the 
rivet  or  rivets  in  the  strip  whose  width  is 
determined  by  the  pitch,  and  the  width  of  a 
strip  of  the  plate  that  will  have  a  tensile 
strength  equal  to  the  shearing  strength  of 
the  rivet  or  rivets. 
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4.  Add  the  width  of  this  etrip  to  the 
diameter  of  the  rivet  hole,  and  thus  obtain 
the  pitch  of  the  rivets  required  to  make  the 
tensile  strength  of  the  plate  equal  to  the 
aheariog  strength  of  the  assumed  rivets. 

5.  Compare  the  pitch  thus  obtained  with 
the  assumed  maximum  permissible  pitch;  if 

'the  calculated  pitch  is  greater  than  the  per- 
missible pitch,  calculate  again,  using  a  smaller 
rivet;  if  it  is  less,  try  a  larger  rivet. 

6.  In  this  way  determine  the  two  sizes  of 
rivets  that  will  give  pitches  nearest  to  the 
maximum  permissible  pitch,  one  greater  aud 
one  less. 

7.  Calculate  the  efficiency  of  the  joint 
whose  pitch  of  rivets  is  next  lower  than  the 
maximum  permissible  pitch. 

8.  Calculate  the  efficiency  of  a  joint  having 
the  maximum  permissible  pitch,  using  the 
larger  of  the  two  rivets  found  in  6. 

9.  The  one  of  these  two  joints  having 
the  higher  efficiency  will  be  the  joint  hav- 
ing the  highest  efficiency  obtainable  with 
commercial  sizes  of  rivets,  under  the  assumed 
conditions. 

This  method  of  procedure  may  be  con- 
siderably varied  to  suit  special  conditions. 
In  many  cas^  a  simple  inspection  will  enable 
an  experienced  designer  to  determine  most 
of  the  features  of  the  joint  without  the 
necessity  of  making  all  of  the  calculations 
involved  in  the  above  outline.'  For  the  be- 
ginner, however,  it  is  best  to  check  each  step 
by  careful  calculation. 

Illustrative  Example. — Design  a  double 
zigzag-riveted  butt  joint  with  two  cover 
plates,  the  shell  plate  being  steel  f-inch 
thick  and  having  a  tensile  strength  of  60,000 
pounds  per  square  inch  of  section.  The 
rivets  are  of  steel  having  a  shearing  strength 
of  45,000  pounds  per  square  inch  of  section. 

Referring  to  the  rules  for  proportions  of 
joints,  we  find  that  the  only  rule  for  fixing 
the  limit  of  pitch  for  the  kind  of  joint  under 
consideration  is  that  prescribed  by  the  Eng- 
lish Board  of  Trade  (see  formula  u);  in 
accordance  with  this  formula,  the  maximum 
permissible  pitch  for  our  joint  is  p^—  3.5 
X  i  -I-  1|  =  4.25  inches. 

There  are  no  rules  for  the  diameter  of 
rivets  for  a  double-riveted  butt  joint,  but  by 
referring  to  the  proportions  recommended 
by  the  Hartford  Steam  Boiler  Inspection  and 
Insurance  Co.,  we  find  that  a  triple-riveted 
butt  joint  in  a  |-inch  plate  is  provided  with 
1-inch  rivets  having  a  shearing  strength  of 
38,000  pounds  per  square  inch.  Although 
these  conditions  differ  somewhat  from  the 
ones  we  are  considering,  they  may  be  taken 


as  an  indication  of  the  most  probable  size  we 
will  need;  we  will,  therefore,  use  a  1-inch 
rivet  for  our  first  tried  size.  For  this  size  the 
shearing  strength  of  the  two  rivets  included 
within  a  strip  of  plate  having  a  width 
corresponding  to  the  pitch  is,  by  rule  3, 
K  =  (lA)*  X  .7854  X  2  X  46,000  X  1.85 
=  150,900  pounds.  It  will  be  observed  that 
in  this  calculation  the  diameter  of  the  rivet 
hole  is  used,  which  is  ^  inch  larger  than 
the  rivet. 

We  will  now  calculate  the  pitch  that  would 
be  required  to  secure  the  same  strength  for 
the  plate.  The  tensile  strength  of  a  strip  of 
the  plate  1  inch  in  width  is,  by  rule  1, 
I  X  i  X  60,000  =  45,000  pounds;  the  net 
width  of  plate  required  to  secure  a  strength 
equal  to  the  shearing  strength  of  the  rivets  is, 
therefore,  150,900  -f-  45,000  =  3.353  =  3i 
inches,  nearly.  Since  thediameter  of  the  rivet 
hole  is  1x^9  inches,  the  pitch  required  will  be 
34  +  li^y  =  4iV  inches,  which  is  greater  than 
the  permissible  maximum  pitch  we  have 
assumed  for  our  joint.  We  will  now  try  the 
next  smaller  size  of  rivet,  }{  inch,  making 
the  size  of  the  rivet  hole  1  inch.  The 
shearing  strength  of  the  rivets  now  be- 
comes /?.  =  1»  X  .7854  X  2  X  46,000  X  1.85 
=  133,700  pounds,  nearly,  and  the  net  width 
of  plate  required  to  furnish  the  same 
strength  is  133,700  -^  45,000  =  2.971  inches, 
or  3  inches,  nearly.  This  corresponds  to  a 
pitch  of  3  +  1  =4  inches,  which  is  less  than 
the  assumed  permiesible  maximum. 

The  question  now  arises:  Will  the  effi- 
ciency be  greater  with  this-  proportion  than 
it  will  be  if  we  use  the  next  larger  size  of 
rivet  and  reduce  the  net  section  of  the  plate 
to  a  value  that  will  give  the  greatest  permis- 
sible pitch?  With  the  permissible  pitch  of 
4}  inches  the  strength  of  the  solid  plate  is 
45,000  X4J  =r  191,250,  say  191,300  pounds. 
With  a  1-inch  rivet,  the  strength  of  the  net 
section  will  be  (4t  —  lA)  X  45,000  =  143,400 
pounds,  and  the  efficiency  will  be 
143,400X100  .,Q._, 
T91.300  =  ^^'^^^'' 
With  the  If-inch  rivet  and  the  pitch  of 
4  inches,  the  strength  of  the  solid  plate  is 
4  X  45,000  =  180,000  pounds.  The  strength 
of  the  joint  is  the  same  as  that  of  the  rivets; 

^u       «  .  .      xu      i.         133,700X100 

the   efficiency   is,  therefore,  ^  ^^ 

—  74.28%,  very  nearly.  This  is  less  than 
the  efficiency  with  the  next  larger  size  of 
rivets  and  the  maximum  permissible  pitch, 
and  a  little  inspection  shows  that  any 
smaller  size  of  rivets  would  give  a  still  lower 
efficiency.    Also,  since  the  1-inch  rivets  are 
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stronger  than  the  net  section  of  the  plate 
with  a  pitch  of  4  inches,  we  see  that  any 
attempt  to  use  larger  rivets  with  this  pitch 
would  only  result  in  further  reducing  the 
strength  of  the  net  section  and,  in  conse- 
quence, the  efficiency. 

If  the  pitch  could  be  increased  to  4]^ 
inches,  so  as  to  make  the  strength  of  the  net 
section  of  the  plate  equal  to  that  of  the 
1-inch  rivet,  the  strength  of  the  solid  plate 
would  be  46,000  X  4^  =  199,700  pounds, 
and  the  efficiency  would  be  increased  to 
150,900  H-  199,700  X  100  =  75.56%.  This, 
however,  is  contrary  to  the  rule  that  was 
available  for  the  greatest  pitch  allowable. 
We  therefore  see  that  the  maximum  effi- 
ciency that  can  be  obtained  wider  the  cammed 
condUUma  is  74.96%. 

The  efficiencies  of  riveted  joints  that  may 
be  expected  io  be  attained  in  practice  average 
as  follows: 

For  a  single-riveted  lap  joint,  56% . 

For  a  double-riveted  lap  joint,  70  % . 

For  a  triple-riveted  lap  joint,  75  ^ . 


For  a  double-riveted  butt  joint  with  two 
cover  plates,  76%. 

For  a  triple-riveted  butt  joint  with  two 
cover  plates,  85%. 

Single-  and  double-riveted  butt  joints 
with  one  cover  plate  give  about  the  same 
efficiencies  as  single-  and  double-riveted 
lap  joints. 

The  efficiencies  given  must  be  understood 
to  be  nothing  else  but  averctge  efficiencies; 
the  reader  must  not  fall  into  the  error  of 
assuming  that  because  a  lap  joint  is  triple 
riveted  it  mud  have  an  efficiency  of  75^. 
As  a  matter  of  fiRct,  it  may  be  slightly 
higher,  and  can  be  much  lower.  Hence, 
the  efficiency  should  always  be  calculated  by 
the  rules  given. 

Numerous  tests  have  shoim  the  avevage 
shearing  resistance  of  iron  and  steel  rivets  in 
single  shear  and  per  square  inch  of  section 
to  average,  for  iron  rivets,  38,000  pounds,  and 
for  steel  rivets  45,000  pounds,  which  values 
are  commonly  used  in  the  absence  of  any 
other  data. 


CIRCULATION  OF  HOT  WATER 


IT  IS  a  difficult  matter  to  pipe  a  building 
so  that  the  hot  water  can  be  drawn 
instantly  at  fixtures  located  at  a  lower 
level  than  that  of  the  boiler.  In  such  a  case 
it  is  necessary  to  form  a  loop  by  running  the 
hot-water  pipe  up  as  high  as  possible  before 
descending  to  supply  the  lowest  fixtures.  A 
good  example  of  this  is  shown  in  the  accom- 
panying figure,  where  the  laundry  tubs  are 
located  in  the  basement  and  the  system  is 
supplied  from  a  tank  in  the  attic.  The  hot- 
water  distributing  pipe  forms  a  loop,  the 
flow  pipe  of  which  connects  to  the  top  of 
the  boiler,  and  the  return  end  to  the  bot- 
tom. A  half-inch  relief  pipe  is  located  at 
a,  which  must  be  the  highest  point  of  the 
loop.  This  allows  the  air  to  escape  from 
the  loop,  which  would  otherwise  become 
air-locked.  A  stop-cock  is  placed  at  the 
base  of  the  relief  pipe  as  shown,  which  may, 
if  necessary,  be  checked  down  to  a  very 
small  oi)ening  to  prevent  air  from  being 
sucked  into  the  cock  while  the  hot  water  is 
being  drawn  at  the  fixtures.  A  check-valve 
fitted  with  a  very  light  swinging  valve  is 
attached  to  the  return  pipe  of  the  loop  as 
shown,  to  prevent  cold  water  in  the  bottom 


of  the  boiler  from  being  drawn  at  the  hot- 
water  faucets  of  the  tubs.    Care  must  be 


taken  not  to  use  a  heavy  check-valve  here, 
for  the  force  of  circulation  is  not  great 
enough  to  lift  a  heavy  check. 
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Thb  Bkarino  Values  of   Diffkrbnt   Soils — ^Thb   Dbsion  of  Foundation   Pibrs — Pilb 

Foundations 


FOUNDATIONS,  which  are  certainly  the 
most  important  part  of  any  Btractnre, 
should  be  properly  proportioned,  and 
too  much  care  cannot  be  exercised  in  their 
design.  They  are  required  to  sustain  the 
maTimum  load  to  which  they  are  subjected, 
and  this  consists  of  the  dead  and  live  loads. 
The  full  amount  of  the  latter,  however,  is 
not  usually  considered  in  the  design. 

The  accumulated  dead  load  should  first 
be  ascertained,  then  that  portion  of  the  live 
load  which  it  is  deemed  advisable  to  add  to 
it,  and  the  area  of  the  footings  and  founda- 
tion piers  so  designed  that  the  greatest  pres- 
sare  per  square  foot  does  not  exceed  the 
safe  values  given  for  the  various  soils  in  the 
following  table: 


Gtaanoter  of  Soil. 


I  Safe  Bearing 
Value  in     , 
Tom  per 
Sq.  Ft. 


€X>mpact  bed  rook  of  granite 80 

Compact  bed  rook  of  limeatone  .    .  25 

'  Compact  bed  rook  of  landstone 18 

Soft  friable  rock 5  to  10 

Clay  in  thick  bedi,  abaolutely  dry..  4 

I  Clay  in  thick  bedi,  moderately  dry  2 

I  Soft  clay  1 

Dry  ooane  grayel,  well  packed 

andoonflned 6  to  8 

'  Compact  dry  land,  well  cemented 

andoonflned 4 

.  Clean  dry  land,  in  natural  bedi 

andoonflned 2to4 

Good  solid  dry  natural  earth 4  to  6 


Where  there  is  liability  of  the  foundation 
soil  being  loosened  by  water  or  by  adjacent 
building  operations,  due  precautions  should 
be  taken  to  prevent  serious  results  from 
such  contingencies.  Poor  ioils,  wherever 
practicable,  should  be  improved  so  that  they 
are  better  adapted  for  foundations.  Wet 
soils  may  often  be  considerably  improved  by 
drainage,  and  loose  soils  by  ramming  or  by 
driving  piles  at  intervals.  All  foundations, 
to  be  protected  against  frost,  should  be 
carried  to  a  depth  of  at  least  6  feet  below 
the  surface  pf  the  surrounding  soil. 

It  is  often  necessary  to  build  foundations 
on  yielding  materials,  which  will  settle  con- 
siderably, and  great  care  should  be  exercised 


to  have  the  settlement  uniform.  In  order 
to  obtain  uniform  settlement,  the  pressure 
on  a  unit  of  area  must  be  the  same  under  all 
foundation  footings  and  piers,  provided  the 
nature  of  the  soil  is  the  same  throughout 
the  area  covered  by  the  building.  Where 
the  soil  under  different  portions  of  the  build- 
ing is  likely  to  have  different  bearing  values, 
it  should  be  carefully  tested  and  the  safe 
bearing  values  ascertained  at  several  points 
throughout  the  foundation  area,  the  founda- 
tion footings  and  pier  foundations  being  so 
proportioned  that  the  settlement  will  l^  as 
uniform  as  possible. 

Where  the  actual  live  load  is  variable 
and  seldom  approaches  the  load  originally 
assumed,  as  in  ofAce  buildings,  equal  settle- 
ment of  the  foundations  is  usually  attained 
by  proportioning  the  areas  of  the  footings  so 
that  the  dead  loads  produce  equal  pressure. 
For  example,  the  heaviest  loaded  foundation 
pier  in  a  building  supports  a  dead  load  of 
200  tons  and  also  a  live  load  of  200  tons, 
while  another  foundation  supports  a  dead 
load  of  100  tons  and  a  live  load  of  160  tons. 
The  first  pier  sustains  a  total  load  of  400 
tons,  and,  assuming  the  soil  to  safely  sus- 
tain a  load  of  4  tons  per  square  foot  of 
bearing  area,  the  area  of  footing  required 
for  the  heaviest  pier,  to  carry  both  the 
dead  and  live  load,  is  400  -h  4  =  100  square 
feet.  This  area  gives,  when  estimating  on 
the  dead  load  alone,  a  bearing  pressure  of 
2  tons  per  square  foot.  Using  this  unit 
bearing  value  of  2  tons  for  the  second  pier, 
the  area  of  base  required,  figuring  on  the 
dead  load  alone,  would  be  60  square  feet; 
while  if  both  the  dead  and  live  loads  were 
considered  in  prox>ortioning  the  foundation, 
the  required  bearing  area  would  have  been 
62.6  square  feet,  and  the  dead  load  would 
cause  a  pressure  upon  the  soil  under  the 
second  pier  of  only  1.6  tons,  which  would 
have  a  tendency  to  cause  unequal  settlement. 

All  foundation  piers  resting  on  soils  of 
good  dry  natural  earth  having  a  safe  bear- 
ing value  of  from  3  to  4  tons  per  square  foot, 
should  be  designed  as  shown  in  the  accom- 
panying figure.  It  is  well  to  compose  the 
concrete  base  of  1  part  cement,  2  parts  sand, 
and  6  parts  of  broken  stone  small  enough  to 
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pass  through  a  ring  2  inches  in  diameter. 
The  base  shoold  have  each  an  area  that  the 
pressure  per  square  foot  upon  the  soil  will 
not  exceed  its  safe  bearing  value.  The 
offset  a  of  the  concrete  should  not  be  less 
than  one-half  its  depth,  or  thickness  6,  as 
designated  in  the  figure,  and  the  thickness  h 
never  less  than  16  inches.  It  is  well  to 
make  the  body  of  the  pier  of  a  good  quality 
of  hard  bricks  laid  in  Portland-cement 
mortar,  and  the  area  of  its  base  must  be 
so  proportioned  that  the  pressure  on  each 
square  inch  of  the  concrete  shall  not  be 
more  than  200  pounds.  The  batter  of  the 
sides  of  the  brick  pier  should  never  exceed 
a  6-inch  offset  to  a  12-inch  rise;  that  is,  the 
rise  must  be  in  the  ratio  to  the  offset  as 
2  to  1.  The  area  of  the  cax>8tone  in  juxta- 
position to  the  brickwork  should  be  such 
that  the  safe  bearing  value  of  the  brickwork 
is  not  exceeded.  When  the  load  on  the 
capstone  is  great  it  is  good  practice  to  pro- 
vide a  heavy  cast-iron  pedestal  so  as  to 
distribute  the  pressure  equally  over  the  cap- 
stone. In  proportioning  the  area  of  the 
cast-iron  base  bearing  on  the  capstone,  care 
should  be  exercised  that  the  safe-b^uring 
strength  of  the  stone  is  not  exceeded.  The 
maximum  allowable  pressures  on  the  usual 
materials  employed  in  the  construction  of 
foundation  piers  are  generally  taken  at  the 
following  values  in  good  engineering  practice: 

Granite  850  lb.  per  iq.  In. 

Llmeitone 300  lb.  per  iq.  in. 

SandAtone 250  lb.  per  iq.  in. 

Brickwork  in  Portluid  cement  200  lb.  per  iq.  in. 
Concrete. 200  lb.  per  iq.  in. 

Capstones  are  usually  cut  from  granite, 
limestone,  or  sandstone,  and  should  have  a 
minimum  thickness  of  1  foot,  but  its  thick- 
ness in  any  case  should  never  be  less  than  one- 
third  its  greatest  dimension,  if  rectangular, 
and  one-fourth  the  length  of  its  side  if 
square.  The  cast-iron  pedestal  should  have 
a  height  of  one-half  the  greatest  dimension 
of  its  base,  and  should  be  so  proportioned 
that  the  pressure  on  each  square  inch  of  its 
minimum  cross-section  does  not  exceed 
14,000  pounds. 

The  following  problem  is  worked  out  as 
an  example  of  the  application  of  the  fore- 
going information.  It  is  required  to  design 
a  square  foundation  pier  of  hard  bricks  with 
concrete  footing,  all  laid  in  Portland-cement 
mortar.  The  capstone  is  of  granite  and  sup- 
ports a  cast-iron  pedestal,  which  in  turn 
sustains  a  structural  steel  plate  a'^id  angle 
column.  The  load  on  the  column  is  600,000 
pounds,  and  the  safe  bearing  value  of  the 


soil  has  been  ascertained  to  be  3|  tons  per 
square  foot. 

In  this  problem,  the  size  of  the  castriron 
pedestal  depends  on  the  unit  allowable  bear- 
ing value  of  the  capstone,  which,  according  to 
the  preceding  table,  is  350  pounds  per  square 
inch;  then,  600,000  -^  350  =  1,714  sq.  in.  re- 
quired, and  the  dimensions  of  the  base  will 
equal  1^1,714,  or  approximately  42  in.  on  a 
side.  The  size  of  the  granite  capstone  will 
be  determined  by  limiting  its  pressure  on 
the  brickwork  to  200  pounds  per  square 
inch,  and  the  area  required  on  the  bed  of 
the  stone  will  equal  600,000  -^  200,  or  3,000 
sq.  in. ;  the  length  of  its  sides  is  V^3,000,  or 
55  in.  Its  thickness  will  be  one-fourth  its 
base,  or  14  in.  The  area  required  for  the 
concrete  footing  is  equal  to  600,000^-7,000, 
or  86  sq.  ft. ,  and  consequently  it  should  be  9  ft. 
3  in.  square,  its  thickness  being  18  inches. 

Since  the  sides  of  the  brickwork  are  bat- 
tered 1  to  2,  and  the  dimensions  of  its  top 
and  bottom  are  known,  its  height  will  be 
found  as  follows:  One-half  the  difference 
between  the  top  and  bottom  dimensions 

equals  ^y^  ~]P  '^-^,  or  19  in.    The  18  in 

the  calculation  is  twice  the  offset  of  the 
concrete  beyond  the  brickwork,  which,  as 
previously  stated,  should  not  be  less  than 
one-half  the  thickness  of  the  concrete;  in 
this  case  it  is  9  inches.  The  batter  is  1  to  2, 
and  therefore  the  height  of  the  brickwork  is 
equal  to  19  X  2,  or  38  in.  From  the  results 
of  these  calculations  the  design  of  the  founda- 
tion pier,  cap,  pedestal,  and  foot  of  column 
may  be  drawn  as  shown  in  the  illustration. 

Pile  foundations  should  be  used  where  the 
soil  is  clayey  and  incapable  of  sustaining 
the  desired  load,  or  where  there  is  a  stratum 
of  clay  with  firmer  soil  beneath.  Timber 
piles,  if  properly  driven  and  their  location 
allows  them  to  be  submerged  under  water, 
are  considered  a  satisfactory  and  permanent 
foundation. 

All  timber  piles  should  be  spaced  from 
2  fent  to  3  feet  between  centers,  and  should 
be  driven  to  an  equal  bearing,  which  is 
determined  by  the  distance  penetrated  under 
the  last  blow  of  the  hammer.  The  bearing 
load  on  piles  driven  to  bed  rock  through  stiff 
soil  capable  of  providing  lateral  support, 
should  be  considered  as  equal  to  the  direct 
safe  compressive  strength  of  the  timber  taken 
at  the  least  cross-section.  If  the  surround- 
ing soil  is  plastic  and  incapable  of  furnishing 
lateral  support,  then  the  pile  must  be  con- 
sidered as  a  timber  column  of  the  same 
length  as  the  pile.    In  determining  its  safe 
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strength  per  square  inch  of  cross-section,  the 

formula  &^  =  ^^j^  naay  he  used.    In  this 

formula,  S  equals  the  allowable  compressive 
strength  of  the  timber  in  pounds  per  square 
inch,  L  the  length  of  the  pile  in  feet,  and  D 
the  diameter  of  the  column  in  inches.  The 
allowable  compressive  values  of  the  several 
kinds  of  timber  used  as  piles  may  be  taken 
from  the  following  table: 

I   PerSq.Tn. 

Whlteoak ,       8001b.      I 

Southern  long  leaf  or  Georgia  yel- 
low pine. '       7001b. 

Cypress  8001b.      i 

Chestnut 1,0001b. 

Cedar  8001b. 

Norwaypine   i       8001b. 

Oregon  pine 1,2001b. 

In  locations  where  bed  rock  or  hardpan  can- 
not be  reached  and  piles  are  driven  through 
yielding  material,  they  may  be  so  loaded  that 
the  weight  in  tons  upon  them  does  not 
exceed   the  value  of  Ir  in  the  following 

formula:  L  —     —r-   ,  where  Wis  the  weight 


of  the  hammer  in  tons,  H  the  drop  of  the 
hammer  in  feet,  and  Pthe  distance  in  inches 
penetrated  by  the  pile  under  the  last  blow 
of  the  hammer.  The  value  P  must  be  con- 
sidered only  when  the  burred  splinters  have 
been  removed  from  the  top  previous  to 
the  last  blow  being  struck.  The  maximum 
load  on  any  pile  should  under  no  condition 
exceed  20  tons,  and  the  least  allowable 
diameter  of  any  pile  is  5  inches.  After  the 
piles  have  been  properly  driven,  the  tops 
should  be  cut  off  on  a  level  and  capped  with 
granite  or  concrete  or  provided  with  oak 
grillage,  as  thought  expedient. 

In  constructing  pile  foundations,  it  is 
necessary  to  exercise  great  care  in  order  to 
prevent  the  disturbing  of  adjacent  building 
foundations.  If  it  is  found  necessary  to 
drive  them  close  to  existing  foundations, 
especially  if  such  foundations  support  heavy 
buildings  and  the  surrounding  earth  is  liable 
to  considerable  compression  due  to  the 
superimposed  load,  such  construction  ought 
to  be  abandoned  and  the  foundations  de- 
signed in  such  a  manner  as  to  prevent  the 
danger  attending  the  disturbance  of  adja- 
cent footings. 
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Thb  Dbvices  Usbd  on  Stbbet  Cabs— Points  About  thb  Location  of  Each — Ths  Setting 
Up  of  Controllbbs — Arranoembnt  of  Dbvicbb 


THE  devices  on  a  car  are  of  three  kinds: 
power,  heat,  and  light  devices.  The 
power  devices  are  of  three  classes: 
operative,  controlling,  and  protective.  To 
the  operative  class  belong  the  trolley  pole  and 
its  equipment  (consisting  of  the  foot,  base, 
harp,  rope,  and  wheel)  and  the  motors;  to 
the  controlling  class  belong  the  controllers 
and  start  coil,  or  resistance  box;  to  the  pro- 
tective class  belong  the  overhead  switches, 
or  automatic  circuit-breakers,  the  fuse  box, 
and  the  lightning  arresters.  The  devices 
called  for  in  the  light  circuit  are  wall  sockets, 
or  clusters,  snap  switches,  and  fuse  boxes; 
and  in  the  heat  circuit,  the  electric  heaters, 
a  change  switch  to  vary  the  amount  of  heat, 
and  a  fuse  box.  It  is  beyond  the  scope  of 
this  article  to  take  up  the  description  of  the 
several  devices  or  to  offer  any  recommenda- 
tions in  regard  to  their  selection,  but  inas- 
much as  it  is  the  duty  of  the  wireman  or 


electrician  to  place  them,  or  at  least  dictate 
where  they  shall  be  placed,  a  few  timely 
remarks  in  regard  to  where  and  how  they 
shall  be  located  will  not  be  out  of  the  way 
in  this  article. 

It  sounds  almost  foolish  to  say  that  the 
trolley   stand    on   single-truck   and   short 
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double-truck  cars  should  be  .placed  at  the 
center  of  the  car  roof.  On  long  double-truck 
cars  it  is  the  practice  to  place  the  stand  at 
a  point  several  feet  nearer  one  end  of  the 
car  than  the  other,  in  which  case  the  car  is 
run  around  a  loop  at  the  end  of  the  line. 
Where  there  is  no  loop  or  other  means  iA 
turning  the  car  around,  two  trolley  standi 
must  be  used,  placed  at  points  equidistant 
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from  their  respective  ends  of  the  car.  Iron 
stand  hooka  must  be  provided  at  both  ends 
of  the  car,  to  hold  down  the  pole  that  is  not 
in  use.  When  the  car  is  to  run  on  a  conduit 
system  part  of  its  route  and  on  a  double 
overhead  trolley  wire  the  rest  of  the  way, 
double  trolley  stands  are  used,  and  two  stand 
hooks  must  be  used  on  each  end,  to  hold  the 
two  idle  poles  down;  but  do  not  try  to  make 
the  two  hooks  out  of  one  piece  of  iron,  for 
trouble  will  follow  the  first  time  the  poles 
or  plow  come  in  contact  with  the  live  con- 
ductors.   In  any  case,  whatever  may  be  the 


severe  wrench,  the  la^^  will  g^ve  way  and 
liberate  the  stand  without  tearing  up  the 
car  roof;  between  tearing  up  the  car  roof 
and  letting  100  or  more  pounds  of  iron  down 
on  some  person's  head,  the  writer  favors  the 
former,  and  therefore  advocates  the  use  of 
bolts.  Some  stands  have  a  projection  on 
the  under  side  of  the  foot,  in  which  case  the 
trolley  board  must  be  bored  to  let  the 
bearing  surface  set  down. 

The  overhead  switch,  variously  called  hood 
switch,  main  switch,  bonnet  switch,  and 
canopy  switch,  is  placed  on  the  under  side  of 


number  of  poles  called  for,  the  foot  of  the 
trolley  stand  must  be  secured  to  the  roof  of 
the  car.  The  foot  of  the  stand  is  the  lower 
stationary  part  around  whose  pin  as  a  center 
the  spring  base  turns.  The  foot  is  generally 
fastened  to  a  board  running  along  the  car 
roof,  as  shown  in  Fig.  5,  and  is  called  the 
trolley  board  or  trolley  bridge.  This  device 
acts  as  a  spring  to  cushion  the  reaction  of 
the  pole  blows  on  the  car  roof.  In  some 
cases  the  foot  is  bolted  to  the  board  and  in 
other  cases  it  is  secured  with  lagscrews, 
under  the  claim  that  in  case  the  stand  gets  a 


the  car  hood,  just  above  and  a  little  in  front 
of  the  motorman's  position,  and  must  be  so 
placed  that  almost  the  most  natural  or  invol- 
untary move  of  the  motorman  to  that  end 
will  enable  him  to  move  the  handle  to  the 
"off"  position.  There  are  always  two 
switches  to  a  car  run  from  both  ends,  and 
under  no  circumstances  should  the  position 
of  the  switches  vary  on  any  car  on  the  road. 
If  it  does,  there  will  be  trouble  some  time. 
As  a  rule,  the  switch  is  mounted  on  a 
polished,  hardwood  beveled- edge  board,  and 
the  board  is  screwed  to  the  ribs  of  the  car 
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hood.  This  board  should  be  |  or  1  inch 
thick,  its  other  dimensioiis  depending  on  the 
size  and  kind  of  switch  used,  and  the  distance 
apart  of  the  hood  ribs.  Before  putting  up 
the  switches  they  should  be  tried  to  see  that 
the  movement  of  the  handle  has  the  proper 
feel  and  that  it  does  not  stick.  The  best  posi- 
tion for  the  overhead  switch  is  indicated  in 
Fig.  6. 

The  best  place  for  the  fuse  box  is  some 
point  as  near  as  possible  to  the  wire  that 
comes  through  the  car  floor  from  the  roof. 
On  a  dosed  car  this  would  be  on  one  of  the 
outside  platform  sills,  just  behind  the  step. 
On  an  open  car  the  fase  box  can  be  put  well 
back  from  the  end  of  the  car,  on  one  of  the 
intermediate  sills,  provided  there  is  clearance 
enough  between  the  step  toe-board  and  the 
bottom  of  the  car  to  allow  a  motorman  to 
reach  through  and  renew  a  frise.  It  may  be 
necessary  to  put  the  fhse  box  at  the  end, 
behind  the  step;  no  cast-iron  rule  can  be 
laid  down  that  will  hold  good  in  all  cases, 
because  the  great  difference  in  the  under  side 
details  of  the  many  trucks  and  bodies  modi- 
fies the  location  of  the  available  places. 
The  two  main  conditions  to  be  kept  in  mind 
are  that  the  device  shall  be  put  where  it  can 
be  easily  reached  without  compelling  the 
motorman  to  execute  a  serpentine  dance; 
and  that  it  shall  be  put  where  the  blowing 
of  a  fuse  will  not  alarm  a  passenger  or  scorch 
any  clothes.  If  the  frise  box  is  located 
where  the  motorman  can  reach  it  only  by 
getting  on  all-fours,  he  will  see  to  it  that  the 
fiise  box  is  provided  with  a  frise  that  will 
never  blow;  if  placed  where  the  flash  or  heat 
of  the  explosion  can  affect  a  passenger,  he 
or  she,  as  the  case  may  be,  is  very  apt  to 
jump  and  run  the  chance  of  breaking  a 
limb.  If  it  comes  to  a  choice  of  any  one  of 
several  good  places,  take  the  place  that  can 
be  reached  with  the  least  amount  of  wire; 
but  if  there  seems  to  be  no  place  that  fills 
the  requirements  of  the  above  two  condi- 
tions, create  a  place  by  means  of  a  piece  of 
board  and  an  iron  hanger  to  be  screwed  to 
the  bottom  of  the  car  floor  or  to  a  sill  or 
platform  stem.  In  some  shops  it  has  been 
the  practice  to  put  the  fuse  box  way  around 
under  one  end  of  the  car,  just  below  the 
bumpers.  This  is  not  a  good  place  for  it,  for, 
aside  from  the  fact  that  it  is  a  bad  idea  to 
put  the  box  where  the  motorman  will  have 
to  stand  on  the  track  to  put  in  a  fuse,  it  is 
liable  to  be  damaged  at  any  time  by  getting 
a  poke  from  a  misguided  drawbar  in 
coupling. 

The  choke  coil,  or  kicking  coil,  or  kicker. 


as  it  is  variously  called,  is  simply  a  few  tarns 
of  the  trolley  trunk  wire  wound  on  a  wooden 
core  and  interposed  between  the  lightning 
arrester  and  ttte  motors,  to  offer  a  farther 
impedanceto  thepassageof  lightning  through 
the  motor  circuit.  The  choke  coil  need  not 
be  over  12  in.  X  4  in.  over  all,  and  it  can  be 
suspended  from  the  car  floor  or  a  sill  at  some 
point  near  the  arrester. 

The  one  general  condition  to  be  fdlfilled 
in  placing  a  lightning  arrester,  is  to  have  it 
where  the  wires  that  run  from  the  fuse  box 
to  it  and  from  it  to  the  ground  wire,  can  be 
run  without  any  kinks  or  bends  in  them,  as 
these  work  against  the  effectiveness  of  the 
device.  There  are  two  kinds  of  car  arresters : 
one  kind  depends  on  gravity  to  reset  the 
active  member  after  a  discharge,  and  the 
other  kind  does  not.  It  is  necessary,  then, 
that  the  first  kind  be  set  up  in  a  certain  way 
or  they  will  not  work.  One  much-used 
method  of  setting  up  this  vertical  type  of 
arrester  is  to  mount  it  on  a  hardwood  board 
to  be  screwed  to  one  of  the  sills  or  croes-silla 
of  the  car.  Where  the  arrester  is  rather 
high,  as  one  reliable  one  in  use  today  is,  it 
may  be  necessary  to  cut  a  hole  in  the  car 
floor  to  accommodate  it  In  thia  case  the 
device  projects  half  above  the  floor  line  and 
half  below  it.  On  dosed  cars  it  is  installed 
under  one  of  the  side  seats,  while  on  open 
ones  it  is  usually  put  under  one  of  the  end 
seats,  inside  or  outside.  There  is  no  par- 
ticular reason  why  the  arrester  should  be 
put  in  an  easily  accessible  place  on  the  car» 
for  up-to-date  arresters  do  not  need  atten- 
tion from  any  one  but  the  shop  man,  and  if 
the  device  is  in  good  working  order,  it  will 
go  on  and  do  its  work  with  no  noticeable 
demonstration. 

The  controller,  or  "  motor  box,"  as  motat- 
men  sometimes  call  it,  is  the  device  that 
sets  on  the  end  of  the  car,  and  is  operated 
by  the  motorman  to  start  the  car  and  control 
its  speed.  The  prindpal  condition  to  be  fdl- 
filled in  setting  up  a  controller  is  to  so  place 
it  that  the  motorman  can  reach  its  handle 
and  that  of  the  hand-brake  and  operate  them 
both  in  a  natural  manner,  being  neither 
cramped  nor  stretched  when  working  both 
of  them  at  the  same  time.  The  next  point 
is  to  so  locate  it  that  the  hole  to  be  bored 
in  the  platform  for  the  car  wires  to  come  up 
through,  will  not  half  cut  one  of  the  main 
platform  stems.  The  top  of  the  controller 
must  come  up  at  least  flush  with  the  top  of 
the  dash  rail,  so  that  in  operation  the  dash 
rail  may  not  interfere  with  the  power 
handle.    If  the  car  is  a  dosed  one  and  has 
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a  yeetibnle,  the  device  mast  set  far  enough 
back  from  the  dash  so  that  a  heavily-gloyed 
hand  will  clear  the  glass  freely  in  taming 
the  handle  throaghoat  its  range.  Even  on 
open  cars  and  on  dosed  ones  that  have  no 
vestibule  it  is  a  good  idea  to  set  the  con- 
troller well  back  from  the  dash,  so  that 
when  the  car  is  run  into  the  house  to  be 
painted  or  touched  up  and  varnished  it  will 
not  be  necessary  to  remove  the  controller. 
Where  a  controller  is  too  low  to  reach  the 
top  of  the  dash  rail,  it  is  raised  by  means  of 
a  wooden  block  under  it.  The  block  is  cut 
to  the  shape  of  the  controller  base,  is  bored 
to  let  the  car  wires  through,  and  is  afterward 
given  a  coat  of  paint.  Sometimes,  instead 
of  one  large  block,  two  small  ones  are  used, 
one  under  each  lug,  or  leg,  of  the  controller. 
Even  if  the  controller  is  high  enough,  it  is 
the  general  practice  to  set  it  up  on  smaller 
blocks,  as  the  increased  height  not  only 
makes  it  easier  to  connect,  but  admits  of 
insuring  the  end  of  the  hose  against  the 
entrance  of  any  water  or  snow  that  may 
accumulate  on  the  platform.  The  controller 
is  bolted  to  the  car  floor  with  bolts  that  pass 
through  the  floor,  the  iron  lugs,  and  the 
wooden  blocks.  It  is  anchored  at  the  back 
in  either  of  two  ways.  On  the  back  of  the 
controller  is  always  cast  a  boss  to  give  stock 
for  drilling  holes  to  be  tapped  for  about  a 
i-in.  capscrew.  One  method  of  anchoring 
the  frame  is  to  run  an  iron  strap  from  this 
boss  to  the  dash  rail.  To  get  in  the  small 
bolt  that  holds  the  iron  strap  to  the  dash 
rail,  the  dash  cap  must  be  taken  otf  and 
countersunk  at  the  point  where  the  head  of 
the  bolt  falls.  The  other  method  is  to 
run  a  yoke  brace  from  the  boss  down  to  the 
floor,  touching  the  floor  about  8  or  10  inches 
from  the  controller,  the  two  legs  of  the  brace 
being  shaped  to  bolt  to  the  floor.  In  equip- 
ping a  number  of  cars,  it  is  a  good  idea  to 
decide  once  for  all  where  the  controllers  are 
going  to  set.  Then  actually  set  up  one  con- 
troller and,  if  the  job  is  satisfactory  in  all 
respects,  take  the  controller  down  and  make 
a  pasteboard  pattern  of  the  layout,  to  be 
used  in  setting  up  all  of  the  others.  This 
will  save  time  and  trouble  and  will  obviate 


the  necessity  of  fitting  the  iron  straps  or 
legs  to  each  car.  They  can  be  all  made  at 
once.  The  iron  straps  used  for  fastening  the 
controller  back  to  the  dash  rail  seem  to  have 
a  special  fondness  for  getting  loose.  In 
order  to  do  away  with  this  trouble,  a  square- 
headed  bolt  should  be  used  and  the  dash  cap 
countersunk  to  fit  this  square  head,  so  that 
if  the  bolt  does  get  loose  the  head  will  not 
turn  when  a  wrench  is  applied  to  the  nut. 
This  will  save  taking  off  the  dash  cap; 

The  motors  are  mounted  on  the  axles  of 
the  car  and  are  supported  partly  by  them 
and  partly  by  steel  bars  running  across  from 
one  side  of  the  truck  to  the  other,  as  shown 
in  Fig.  6.  These  suspension  bars  should  be 
so  disposed  as  not  to  interfere  with  the 
opening  and  closing  of  the  motor.  Out  of 
the  shell  of  every  motor  come  four  wires 
called  leads;  two  of  these  leads  come  from 
the  armature  and  two  from  the  field  coils, 
and  are  the  means  of  connecting  the  devices 
with  the  car  wires.  Great  care  should  be 
taken  not  to  confuse  them,  and  they  should 
be  so  supported  that  there  will  be  no  danger 
of  their  being  cut,  bruised,  or  torn  apart. 

This  completes  the  locating  of  the  several 
devices  on  the  car,  and  defines  the  paths  to 
be  taken  by  the  wires  constituting  the  car 
wiring  as  applied  to  the  main  or  motor  cir- 
cuit It  will  not  be  out  of  the  way  to  add 
that  in  placing  the  devices  under  a  car, 
especially  wher^  the  car  is  a  double-truck 
one,  equipped  with  air  and  with  gas  for 
lighting,  so  that  there  must  be  several  tanks, 
etc.  in  the  equipment,  they  should  be  placed 
with  the  idea  of  keeping  the  body,  as  a 
whole,  well  balanced,  so  that  there  may  not 
be  any  more  pressure  on  one  set  of  rib  plates 
than  there  is  on  the  other.  This  is  a  point 
too  often  neglected,  and  is  one  well  worth 
looking  after.  Also,  on  double-truck  cars  it 
must  be  borne  in  mind  that  in  rounding 
curves  the  truck  undergoes  a  great  deal  of 
displacement.  This  must  be  allowed  for  in 
placing  the  various  wires  and  devices  so  that 
they  may  not  be  interfered  with  by  the 
truck  when  it  swings. 

We  will  take  up  the  subject  of  the  wiring 
proper  in  a  subsequent  paper. 
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Arrangxhbnt  op  the  Pipes — Thb  Difperbnt  Sybtkms — ^Apparatus  for  the  CibculAtion. 

Technical  Tebms  in  Use 


THE  usefUlneeB  of  steam  piping  is  not 
confined  to  central  lighting  and  power 
houBes  and  small  plants  of  manolac- 
toring  concerns,  but  may  be  extended  to 
the  modem  office  building  and  even  to 
private  dwellings,  for  open  fireplaces  have 
had  their  day  and  been  succeeded  by  mod- 
em methods  of  heating. 

Strictly  speaking,  the  arrangement  of 
piping  in  a  heating  plant  is  more  intricate 
and  requires  more  thought  and  better  judg- 
ment than  that  between  the  boilers  and 
engines  in  the  ordinary  plant.  Every  build- 
ing has  its  own  peculiar  style  and  method 
of  piping  for  either  the  high-pressure,  the 
low-pressure,  or  the  exhuust-steam  system. 
Exhaust  steam  is  extensively  used  for  heat- 
ing purposes  because  of  the  economy  of 
using  steam  that  would  otherwise  be  wasted 
by  a  non-condensing  engine. 

Where  condensing  engines  are  in  use,  live 
steam  may  be  employed  for  heating  parts  of 
the  building  by  installing  in  the  system  a 
reducing  valve  through  which  steam  flows 
at  a  lower  pressure  than  that  in  the  boilers. 
An  inexpensive  and  rough-and-ready  method 
of  supplying  live  steam  at  a  reduced  pres- 
sure to  the  heating  systems  of  small  factory 
plants  is  to  use  a  ball-and-lever  safety  valve 
instead  of  the  regular  reducing  valve.  This 
safety  valve,  set  at  a  predetermined  lower  pres- 
sure, is  placed  just  ahead  of  a  steam  valve, 
as  shown  in  Fig.  1,  and  by  this  arrangement 
the  quantity  of  steam  admitted  to  the  system 
can  be  controlled.  If  it  is  decided,  for  in- 
stance, to  carry  a  pressure  of  5  pounds  in 
the  heating  system,  the  weight  on  the  lever 
is  set  at  a  point  where  it  will  balance  the 
given  pressure.  These  levers  are  usually 
graduated  and  the  corresponding  pressure 
stamped  on  the  side,  so  that  it  is  Bfi  easy 
matter  to  properly  locate  the  weight  for  any 
pressure  within  the  range  of  the  valve.  The 
safety  valve  is  used  as  a  regulating  valve  for 
the  system,  and  when  it  is  opened  the  steam 
is  allowed  to  circulate  freely  until  the  pipes 
are  hot  and  the  air  and  water  have  been 
expelled  from  them.  When  this  has  been 
accomplished,  the  supply  of  steam  may  be 
cut  down  until  the  pressure  balances  the 
safety  valve.    The  arrangement  works  very 


well  when  the  boiler  pressure  is  constant 
(as  it  will  be  when  a  damper  regulator  is  in 
use)  and  the  condensation  is  properly  taken 
care  of.  Of  course,  the  condensation  will 
have  to  be  forced  into  the  boiler,  for  the 
gravity  return  is  out  of  the  question  unless 
the  building  is  very  high  and  the  pressure 
low.  There  should  also  be  a  by-pass  to  the 
sewer  on  the  collecting  tank  or  trap,  as  this 
allows  the  heating  system  to  be  kept  in 
operation  while  cleaning  or  overhauling  any 
part  of  the  apparatus. 

It  is  not  the  intention  to  discuss  here  the 
different  kinds  of  radiators  employed  for 
steam  heating,  but  rather  the  methods  and 
systems  of  piping  and  the  radiation  of  heat. 
Buildings  are  supplied  with  steam  heat  by 
either  the  one-pipe  or  the  two-pipe  system. 
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Fig.  1 

In  the  two-pipe  system  there  is  one  line  of 
pipe  for  the  steam  supply  to  the  different 
radiators  and  another  for  the  return  of  the 
condensation,  each  radiator  being  connected 
to  the  two  pipes.  The  one-pipe  system,  as 
the  name  implies,  consists  of  a  single  line  of 
pipe  to  which  each  radiator  is  connected. 
The  condensation  in  this  system  will  retora 
by  gravity  direct  to  the  boilers,  because  the 
water  is  heavier  than  steam  and  will  fall  to 
the  lowest  point,  while  steam  will  rise  to 
the  highest.  The  pipe  in  this  case,  how- 
ever, must  be  one  or  two  sizes  larger  than 
the  one  in  the  two-pipe  system,  in  order  to 
permit  an  uninterrupted  supply  and  a  per- 
fectly free  retum  of  condensation.  The  size 
will  depend  on  the  number  of  heaters  con- 
nected.   It  is  usual,  in  this  system,  to  have 
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the  radiaton  quite  doee  to  the  pipe  and  con- 
nected by  nipplee  and  valvee  to  tees,  as 
shown  in  Fig.  2.  In  many  instances  this 
will  necessitate  the  erection  of  a  number  of 


^/^      t^ 


Hoor 


ff* 


•  ffo^er 


Pig.  2 

pipes,  in  order  that  different  parts  of  the 
building  may  be  heated. 

The  systems  mentioned  may,  by  certain 
modifications,  be  subdivided  into  the  ''riser'' 
and  the  overhead  supply.  By  the  first 
method  the  steam  is  carried  upward  to 
the  branches  connected  to  the  radiators  on 
the  different  floors.  By  the  overhead  sys- 
tem the  riser  is  carried  to  the  top  of  the 
building  and  then  branched  in  different 
directions,  drop  pipes  supplying  the  radi- 
ators on  the  floors  below. 

The  radiators  themselves  may  be  direct, 
indirect,  or  direct-indirect.  The  direct  radi- 
ator is  so  called  because  it  is  placed  in 
the  room  to  be  heated;  the  Indirect  is  placed 
outside  of  the  room,  the  air  heated  by 
contact  with  it  being  forced  into  the  room, 
which  is  thus  indirectly  heated.  The  direct- 
indirect  radiator  is  a  combination  of  the 
two  others;  it  is  placed  in  the  room  to 
be  heated,  radiating  heat  direct,  and  a 
current  of  air  forced  through  it  furnishes 
ventilation. 

One  other  method  of  heating  remains  to 
be  sx>oken  of;  this  is  sometimes  called  the 
"mechanical  method"  and  by  some  is 
classed  as  indirect.    The  system  consists  of 


banks  of  steam  pipes  in  a  room  in  the  base- 
ment of  the  building  in  which  the  plant  is 
located;  in  tl^is  room  there  is  also  a  flEui 
blower,  which  draws  the  external  air 
through  a  regular  duct  and  forces  it  through 
the  bank  of  hot  pipes  into  the  ducts  for 
the  various  rooms.  The  amount  of  warm 
air  admitted  may  be  regulated  by  a  sliding 
door.  This  is  a  system  frequently  installed 
in  hospitals,  because  it  takes  up  no  space 
in  the  rooms,  and  because  there  is  no  noise 
from  radiators  or  leaky  valve  stems  or  joints 
to  cause  annoyance. 

When  exhaust  steam  is  used  for  heating, 
there  is  a  back-pressure  valve  in  the  ex- 
haust pipe  which  prevents  the  escape  of 
the  steam  to  the  atmosphere  and  diverts 
it  through  the  heating  system.  This  valve 
may  be  raised  at  any  time,  to  permit  the 
steam  to  pass  to  the  atmosphere  when 
the  heating  system  is  out  of  service,  as  in 
the  summer  time.  A  back-pressure  valve 
is,  in  some  respects,  like  a  safety  valve  of 
the  weight  and  lever  type,  as  any  desirable 
pressure  in  the  heating  system  may  be 
obtained  by  moving  the  weight  on  the 
lever,  just  as  is  done  with  a  safety  valve.  Of 
course,  it  will  be  understood  that  the  range 
of  such  pressure  is  limited  by  the  pressure 
of  the  exhaust  issuing  from  the  engine.  It 
is  desirable  to  have  as  little  back  pressure 
as  possible,  consistent  with  the  existing 
conditions,  since  every  pound  of  back  pres- 
sure on  the  engine  piston  reduces  the  mean 
effective  pressure  in  the  engine.  In  some 
cases  5  pounds  or  more  pressure  above 
the  atmosphere  is  necessary  to  maintain  a 
circulation  through  the  system,  but  1  pound 


is  sufficient  in  a  system  having  a  vacuum 
pump.  T  A  pressure  gauge  is  sometimes 
attached  to  or  near  the  back-pressure  valve 
so  that  the  pressure  may  be  seen  at  a  glance, 
and  if  it  is  desired  to  change  the  pressure  at 
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any  time  the  adjastment  of  the  valve  can 
be  checked  by  reference  to  the  gauge. 

Before  pageing  from  this  part  of  ocur  sab- 
ject  it  would  be  well,  perhape,  to  make 
mention  of  one  particular  kind  of  back-pres- 
sure valve  in  use.  Instead  of  the  flat  valve 
and  seat  that  usually  hammers  at  each  stroke 
of  the  engine,  the  one  shown  in  Fig.  3  has  a 
sliding  valve  Ihat  is  noiseless  in  operation; 
it  consists  of  two  seats  of  different  areas, 
and,  instead  of  having  to  balance  on  the 
whole  of  the  valve,  as  in  some  other  makes, 
the  force  to  be  balanced  is  only  that  due 
to  the  pressure  upon  the  difference  in  the 
area  of  the  two  seats. 

There  are  many  ways  of  arranging  the 
pipes  in  the  different  systems,  but  the  all- 
important  consideration  is  that  the  pipes 
shall  be  of  ample  size  for  the  particular 
system  adopted,  the  amount  of  radiation 
required,  the  pressure  to  be  carried,  and  the 
method  of  d  isposing  of  the  cond  ensation.  It 
will  be  understood,  for  instance,  that  in  the 
one-pipe  system  the  piping  must  be  of  larger 
size  than  in  the  two-pipe  system,  because  the 
condensation  returns  in  the  same  pipe  and 
in  a  direction  opposite  to  the  steam.  It  is 
also  important  that  the  returns  shall  be  so 
arranged  that  there  wUl  be  -no  '*  backing 
up"  in  the  system.  Speaking  in  general, 
the  piping  of  the  heating  system  in  large 
plants  should  be  divided  into  sections,  the 
branches  from  each  section  of  the  main  pipe 
being  returned  to  a  receiver  common  to  all. 
This  plan  is  advisable  because  of  the  possi- 
bility of  parts  of  the  system  getting  out  of 
order  and  requiring  renewal  or  repairs,  and 
in  such  a  case  the  whole  system  need  not  be 
cut  out  of  service. 

In  regard  to  the  selection  of  material,  fit- 
tings, etc.,  it  may  be  said  that  the  best 
is  none  too  good.  Heavy  pipes  should  be 
used  throughout  and  placed  in  such  a  man- 
ner that  all  parts  will  be  accessible  with  the 
least  tearing  up  of  the  floors  and  opening  of 
the  walls.  As  far  as  possible,  no  perishable 
material  should  be  used  for  joints,  especially 


for  the  smaller  sizes  of  pipe,  but  rather 
ground  metallic  joints  should  be  selected. 
Such  joints  are,  of  course,  more  costly,  but 
when  they  are  once  made  up  they  seldom  or 
never  leak.  For  the  joints  of  larger  pipe,  say 
from  two  inches  up,  rubber  or  its  equivalent 
is  admissible  between  the  flanges. 

Before  concluding  this  portion  of  the  sub- 
ject, it  may  be  of  value  to  the  reader  to 
become  familiar  with  the  names  of  the  dif- 
ferent parts  of  a  steam-heating  system. 

The  main  steam  distributing  pipe,  as  the 
name  implies,  is  the  pipe  that  supplies 
the  whole  apparatus  through  the  various 
branches,  and  is  usually  run  in  a  horizontal 
direction. 

The  main  return  pipe  is  the  one  into  which 
all  the  return  and  drip  pipes  enter  to  carry 
the  condensation  back  to  the  boiler.  This 
is  also  run  horizontally. 

The  steam  riser  is  the  name  of  the  pipe  that 
carries  the  steam  vertically  from  the  main 
referred  to  above  to  the  radiator  connec- 
tion s.  A  return  riser  carries  the  condensation 
back  from  the  radiators  to  the  main  return 
pipe;  it  is  also  run  in  a  vertical  direction. 

The  pipes  that  connect  the  steam  risers  to 
the  main  and  the  return  risers  to  the  main 
return  are  called,  respectively,  the  steam 
riser  connection  and  the  return  riser  connec- 
tion. 

Radiator  connections  are  the  pipes  that  run 
from  the  risers  to  the  radiators,  both  for  the 
steam  and  returns  in  the  two-pipe  system. 

The  term  rising  lines  used  by  steam  fitters, 
means  both  steam  and  return  risers  taken 
together. 

Pitch  is  the  inclination  given  a  pipe  to 
insure  the  proper  flow  of  the  condensation. 
In  some  systems  (the  one-pipe  system,  for 
example)  the  pipe  should  pitch  toward  the 
boiler,  while  in  other  systems  it  is  desirable 
that  the  pipes  should  pitch  from  the  boiler, 
so  that  the  steam  and  condensation  will  flow 
in  one  direction  to  a  point  where  provision 
is  made  for  taking  care  of  the  condensation, 
while  the  steam  continues  on  and  up. 
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Thx  Unlinih)  Sinqlb-Tubb  System  of  Wiring — Sblbctino  thb  Matbrial — Running  the 
Circuits — Cost  of  the  Installation 


AS  IN  all  concealed  pipe  work,  anlined 
conduit  is  regarded  siinply  as  furnish- 
ing raceways  for  the  conductors,  and 
is  not  depended  on  to  supply  additional 
insulation.  The  lined  conduit  baa  an  inner 
tube  of  insulating  material  -^  inch  thick, 
and  in  it  can  be  used  any  good  rubber- 
cohered  wire.  A  rubber-covered  wire  with 
an  additional  outer  braid  or  covering  ^  inch 
thick,  or  equal  to  the  insulation  of  the  lined 
pipe,  is  used  in  the  unlined  conduit.  The 
pipe  in  either  case  must  not  be  smaller  than 
i  inch,  inside  diameter,  and  the  outer  wall 
must  be  as  thick  as  good  gas  pipe,  so  as  to 
preclude  all  danger  of  its  being  punctured 
by  nails  or  crushed  in,  thereby  injuring  the 
conductors  or  making  the  drawing  of  them 
difficult 

Unlined  pipe  is  coated  on  the  inside  with 
an  enamel,  to  make  it  perfectly  smooth,  so 
that  the  conductors  can  be  drawn  in  with 
ease.  Its  advantages  are  that  it  is  cheaper, 
easier  to  work,  and  the  burning  out  of  the 
wire  does  not  usually  injure  it.  The  whole 
pipe  system  is  installed  without  the  wires, 
which  are  drawn  in  when  the  other  work  is 
complete.  Standard  dies  and  taps  fit  the 
pipe,  and  the  work  on  it  is  done  exactly  as 
a  good  gas-fitting  job  should  be  done.  The 
pipe  is  easily  bent  without  filling,  but  regu- 
lar elbows  must  be  used  where  possible. 
Where  the  line  crosses  floorbeams,  the  beams 
are  cut  just  deep  enough  to  admit  the  pipe; 
when  running  in  the  direction  of  the  beams 
and  alongside  of  studding,  a  sufficient  num- 
ber of  pipe  straps  or  clamps  are  used  to  hold 
the  pipe  securely  in  place,  and  every  outlet 
has  an  approved  outlet  box.  The  ends  of 
the  pipe  should  butt  and  be  carefuUy  reamed, 
and  the  joints  made  with  white  or  red  lead, 
thus  keeping  the  inside  smooth. 

When  the  pipe  S3rstem  is  completed  it 
must  be  permanently  grounded.  The  pipe 
must  enter  all  outlet  boxes  and  fittings  and 
be  securely  fastened  so  that  it  cannot  slip 

*▲  description  of  the  wiring  of  this  cottage  by  the 
knob  and  tube  lyitem  waa  publiahedin  the  October 
nnmber  of  this  magazine,  and  in  accordance  with 
our  pnrpoM  to  give  the  wiring  by  both  methods,  we 
present  the  second  article  of  the  series  by  Mr. 
Thomas  H.  Cooper,  showing  how  to  do  the  wiring 
using  the  unlined  single-tube  system. 


out  of  place.  The  best  way  to  secure  this 
result  is  to  thread  the  ends  of  the  pipes  and 
make  them  protrude  i  inch  through  the 
sides  of  the  box  and  screw  on  a  collar.  These 
collars  are  covered  with  insulating  material 
that  keeps  the  insulation  of  the  wires  from 
being  injured  by  the  sharp  edges  of  the  pipe. 
The  outlet  boxes  come  in  sections,  with  the 
holes  in  the  bottom  and  sides  stamped  out  and 
sealed  with  disks  that  can  be  removed  with 
a  blow  of  the  hammer,  and  any  desired  com- 
bination may  be  procured.  The  boxes  are 
also  drilled  and  tapped  to  take  blank  ends, 
so  that  combination  fixtures  may  be  used 
and  the  gas  side  left  blank.  The  holes  may 
be  used  for  a  concealed  rosette,  from  which 
the  ordinary  drop  can  be  suspended.  The 
same  style  of  box  may  be  used  for  flush 
switches,  by  using  a  special  cover,  which  is 
attached  by  means  of  four  machine  screws 
at  the  comers  of  the  box.  When  using 
gutter  panel  boards,  the  pipe  enters  the 
outer  wall  and  protrudes  i  inch  through  it; 
a  collar  is  screwed  on  the  pipe,  and  the 
wires  are  laid  in  the  gutter  in  circular  loom 
conduit.  On  this  job  the  center  holes  in 
the  bottoms  of  the  outlet  boxes  will  be  used 
to  pass  the  gas  drops  through.  Between  the 
beams  and  studding  at  every  outlet  a  piece 
of  board  must  be  fitted  and  securely  nailed 
in  such  a  position  that  when  the  box  is 
screwed  to  it  the  face  of  the  box  will  come 
just  flush  with  the  plaster  line. 

The  only  difference  between  the  single- 
and  double-tube  system  is  the  actual  work 
and  the  additional  material.  The  principal 
reason  for  using  the  single-tube  system  in 
this  case  is  that  it  is  necessary  on  alterna- 
ting-current systems  to  do  away  with  the 
disturbing  inductive  action  that  takes  place 
in  the  double-tube  system,  and  as  the  cur- 
rent used  may  be  either  alternating  or  direct, 
or  even  changed  at  any  time,  it  is  recom- 
mended by  inspection  depa^rtments  and 
engineers  in  general  that  this  system  be 
universally  employed. 

The  tools  necessary  for  the  pipe  work  are 
a  pipe  vise,  stock  and  dies,  three  wheel 
cutters,  reamers,  and  pipe  tongs.  Various 
methods  for  bending  pipe  have  been  used 
and  recommended,  but  the  writer  has  found 
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by  actual  experience  that  for  all  practical 
purposes  a  block  bored  with  a  hole  of  suffi- 
cient size  to  allow  the  pipe  to  enter  easily  is 
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as  good  as  anything,  but,  like  everything 
else,  is  not  fool-proof. 

Twin  wire  with  an  extra  outer  braid,  as 
already  explained,  should  be  used,  and  each 
branch  provided  with  a  double-pole  knife 
switch  and  fuse  to  carry  10  amperes;  the 
panel  boards  should  have  center  bus-bars  of 
sufficient  size  to  carry  50  amperes. 
The  boxes  are  to  be  lined  throughout 
with  slate  \  inch  thick,  and  the  door 
may  be  either  of  glass  or  a  solid  panel, 
to  match  the  trim  of  the  house.  In 
this  job  it  is  not  necessary  to  have 
switches  to  control  branches  in  the 
panel  boards  for  the  cellar  and  the 
parlor  floor,  as  the  branches  on  these 
floors  are  controlled  by  flush  switches. 
If  they  are  left  out  the  cost  will  be 
reduced  somewhat,  but  this  will  be 
more  than  overbalanced  later  on  in 
making  tests. 

We  will  distribute  the  lights  the 
same  as  when  wiring  the  house  by  the 
knob-and-tube  system,  and  therefore 
the  size  of  the  conductors  will  be 
the  same— No.  8  mains  and  No.  14 
branches  —  when  wiring  for  direct- 
current  110-volt  two-wire  service.  To 
change  to  three- wire  direct-current 
service  it  will  be  necessary  to  add  a 
third  conductor  and  equip  the  panel 
boards  with  three  center  bus-bars  and  bal- 
ance the  circuits  in  the  panel  boards. 
For  an  alternating- current  service  of  100  or 


104  volts  no  changes  will  be  necessary,  bat 
for  an  alternating  current  of -50  or  52  volts 
the  mains  and  branches  must  be  increased  in 
cross-section  proportionately.  We  mention 
these  changes  for  the  reason  that  they  are 
the  conditions  most  likely  to  be  met  with. 
The  faces  are  removed  from  the  panel 
boards  and  the  boards  and  cases  set  between 
the  studdings  flush  with  the  plaster  line; 
when  the  house  is  trimmed  the  faces  are 
replaced  the  same  as  any  other  trim.  As  the 
panel  boards  will  be  too  wide  to  set  between 
two  studs,  a  place  must  be  provided  for  them 
by  cutting  away  a  stud  and  placing  a  header 
at  the  top  and  bottom  of  the  box,  thus 
bringing  the  mains  and  branches  as  shown 
in  Fig.  1.  The  panel  board  in  the  cellar 
may  be  placed  in  the  ceiling  in  the  line  of 
the  mains.  This  will  save  wiring,  but  if 
desired  it  can  be  set  in  the  side  wall  and  the 
mains  carried  over  to  it.  The  bus-bars  in 
this  board  and  in  the  one  on  the  first  floor 
must  be  provided  with  lugs  at  both  ends, 
the  mains  entering  at  the  bottom  and  leav- 
ing at  the  top.  The  board  for  the  second 
floor  requires  lugs  on  but  one  end  of  the 
bus-bars,  as  the  mains  end  here;  if  the  third 
floor  is  wired  it  will  be  by  a  branch  from 
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this  board.  The  mains  are  soldered  in  the 
lugs,  but  the  branch  wires  are  clamped 
directly  under  the  binding  screws. 
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The  circaita  are  all  numbered,  and  a 
written  or  printed  card  giving  a  detailed 
description  of  the  circaita  and  covered  with 
dear  mica  or  a  thin  sheet  of  glass  is  fiuBtened 
inside  of  the  panel-board  door.  In  nsing 
the  pipe,  have  as  few  bends  and  elbows  as 
possible.  The  pipe  should  be  run  straight 
from  outlet  to  outlet  with  not  more  than  four 
elbows,  not  counting  those  at  the  outlets. 
Particular  attention  is  called  to  this  matter 
because  it  is  frequently  overlooked  and  often 
results  in  great  trouble  and  expense  in  draw- 
ing the  wires. 

Now  that  we  have  a  fiur  idea  of  the  work 
in  general,  it  will  be  well  to  go  over  the 
ground  to  get  an  idea  of  what  material 
it  will  be  necessary  to  order.  The 
panel  boards  must  be  made  to  order 
from  sketches,  and  as  it  will  take 
some  time  to  get  them,  our  attention 
will  be  first  directed  to  the  number 
of  lights  and  circuits  and  the  dis- 
tribution of  them,  which  data  will 
be  neceesary  to  give  the  specifications 
for  the  boards. 

But  one  circuit  is  necessary  in  the 
cellar,  as  the  plans  call  for  ten  16- 
candlepower  lamps  or  less.  Four 
separate  circuits  will  be  required  for 
the  first  floor,  one  for  the  hall,  one 
for  the  dining-room,  one  for  the  par- 
lor, and  one  for  the  rest  of  the  floor. 
There  are  two  separate  circuits  on  the 
second  floor,  each  of  which  will  carry 
half  of  the  lights.  The  panel  board  on 
this  floor  will  require  an  additional 
blank  circuit  for  the  third  floor;  it  is 
advisable  to  provide  this  circuit  even 
if  it  is  not  used  at  once. 

We  will  want,  then,  three  panel 
boards  of  the  following  specifications: 
1  with  center  bus-bars  with  lugs  at  both 
ends  and  1  branch  circuit  for  the  cellar; 
1  on  the  first  floor  for  three  branch 
circuits,  with  lugs  on  both  ends  of 
the  center  bus-bars;  1  on  the  second  floor 
for  three  branch  circuits,  with  lugs  on  the 
bottom  of  the  center  bus-bars.  All  branches 
are  to  be  provided  with  double-pole  knife 
switches  and  fuses  to  carry  10  amperes;  the 
two  center  bus-bars  are  to  carry  50  amperes. 
(The  carrying  capacity  is  made  high  for  the 
sake  of  mechaniod  strength. )  All  metal  is 
to  be  polished. 

We  will  require,  in  addition  to  the  above, 
76  feet  of  No.  8  wire,  30  feet  of  f-inch  con- 
duit, and  six  f-inch  elbows  for  the  mains; 
500  feet  of  No.  14  twin  wire,  500  feet  of  J-inch 
conduit,  and  thirty  i-inch  elbows  for  the 


branches;  10  feet  of  1-inch  American  circular 
loom  conduit;  100  pipe  straps;  40  Universal 
outlet  boxes;  4  special  covers  for  outlet  boxes, 
to  carry  flush  switches;  4  flush  switches;  tape, 
solder,  acid,  screws,  and  nails. 

It  is  impossible  to  figure  material  exactly 
without  plans  drawn  to  scale,  but  it  will  be 
found  that  the  estimate  given  above  is  a  very 
close  approximation. 

Figs.  2,  3,  and  4  are  the  fioor  plans.  The  fig- 
ures marked  at  the  outlets  are  the  number  of 
16-candlepower  lights  allowed  to  each.  If  the 
cellar  ceiling  is  to  be  plastered,  the  pipes  must 
be  put  in  place  before  the  flooring  is  laid  on 
the  first  fioor;  if  not,  the  pipes  can  be  strapped 
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to  the  faces  of  the  floorbeams.  The  supply 
company  will  probably  bring  in  the  service 
from  the  street  at  the  same  place  that  the  gas 
and  water  pipes  come  in,  and  will  set  their 
main  service  block  and  meter  on  the  wall 
close  to  the  gas  meter.  On  the  feeding  side 
of  the  meter  will  be  placed  a  cut-out  large 
enough  to  carry  all  the  current  that  the  full 
load  of  the  house  will  demand.  The  mains 
begin  at  the  other  side  of  this  cut-out  and 
are  run  back  to  the  panel  board  for  the 
cellar;  they  enter  and  leave  this  board  as 
already  described,  and  are  then  run  to  a 
point  durectly  under   the   center  partition 
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of  the  house  and  in  line  with  the  center 
line  of  the  partition  separating  the  parlor 
and  dining-room  on  the  first  floor,  which 
is  in  the  same  yertical  plane  as  the  par- 
tition hetween  the  front  and  rear  bedrooms 
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on  the  second  floor.  The  risers  are  then 
carried  up  to  the  first-floor  panel  board, 
which  they  enter  and  leave  as  they  do  the 
one  in  the  cellar,  and  are  then  carried  to  the 
panel  board  on  the  second  floor,  where  they 
end.  All  the  cutting  that  will  be  necessary 
will  be  to  notch  each  floorbeam  in  the  cellar 
from  the  front  wall  to  the  partition  where 
the  risers  are  carried  up.  The  bends  at  this 
point  are  made  by  means  of  pipes  or  elbows, 
and  a  hole  is  bored  through  the  plate  of  the 
partition  of  the  second  floor  for  the  pipe  to 
pass  through. 

The  ^-inch  pipe  in  the  cellar  is  run  from 
the  panel  board  to  the  partition  at  the  foot 
of  the  stairs,  where  it  enters  the  outlet  box 
of  a  flush  switch  to  control  all  the  lights  in 
the  cellar,  and  from  this  switch  it  is  con- 
tinued to  and  through  the  outlet  in  the 
ceiling,  in  the  manner  shown  in  Fig.  5,  and 
then  to  and  through  each  of  the  others  in 
the  same  manner. 

The  No.  1  circuit  on  the  first  floor  is  run 
from  the  panel  board  to  a  flush  switch  set  in 
the  trim  inside  of  the  folding  doors  in  the  par- 
lor; from  the  switch  it  loops  through  the  two 


side  outlets  to  the  one  at  the  ceiling.  The 
No.  2  circuit  runs  from  the  panel  board  to  a 
flush  switch  set  in  the  trim  in  the  dining 
room,  just  inside  the  door  from  the  hall; 
from  the  switch  outlet  it  is  continued  to 
the  ceiling  outlet  and  looped  to  the 
one  at  the  side.  No.  3  circuit  runs 
from  the  panel  board  to  a  flush  switch 
set  in  the  trim  near  the  door  frx)m  the 
veranda  to  the  hall,  and  from  there  to 
the  outlet  in  the  hall  ceiling.  No.  4 
circuit  runs  from  the  panel  board  to 
the  rear  of  the  house,  on  a  line  parallel 
with  the  center  partition,  then  to  the 
pantry  outlet  and  continued  in  loops 
through  the  partition  to  the  oatlets 
over  the  sink,  at  the  center  of  the 
kitchen,  at  the  side  of  the  range,  in 
the  pot  closet,  and  in  the  bicycle 
room,  ending  at  the  veranda  outlet 
The  No.  1  circuit  in  the  second  floor 
runs  from  the  panel  board  to  the  front 
bedroom,  back  bedroom,  and  bathroom 
ouUets,  as  shown.  No.  2  circuit  inns 
from  the  panel  board  to  the  hall  outlet, 
to  the  outlet  between  the  storage  and 
linen  closets,  back  to  the  outlet  at  the 
head  of  the  stairs,  to  the  side  and 
ceiling  outlets,  and  ends  at  the  rear 
side  outlet  of  the  back  bedr<x>m. 
No.  3  circuit  is  carried  up  in  i-inch 
pipe  to  the  ceUing  of  the  third  floor, 
from  there  to  the  outlet  in  the  front 
room  and  looped  back  to  the  outlet  in  the 
rear  room. 

It  may  be  found  of  advantage  in  acstual 
practice  to  change  these  runs  slightly,  but 
it  should  be  kept  in  mind  that,  in  all  work 
of  this  kind,  the  object  is  to  make  the  runs 
as  short  and  straight  as  possible  and  that 
running  between  beams  saves  cutting.  It 
will  be  found,  however,  that  the  runs  can- 
not be  made  between  beams  as  readily  as  by 
the  knob-and-tube  system,  and  when  it  is 
impossible  to  avoid  cutting,  keep  as  close  to 
the  supported 
ends  of  the  beams 
as  possible. 

As  the  conduit 
work  is  finished 
a  steel  tape  called 
a  **fi8h,»^  or 
''snake,"  should 
be  passed  through 
each  section  of  the  pipe  before  it  is  closed 
in,  to  be  sure  that  it  is  not  clogged  up. 
The  wires  can  be  drawn  in  much  easier 
if  a  quantity  of  soapstone  is  blown  through 
each    section    with    a    regular    soapstone 
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blower  or  a  tin  horn.  The  '* snake" 
with  a  stoat  piece  of  cord  attached,  is 
worked  throafi(h  first,  and  the  wire  is  then 
drawn  in  by  the  aid  of  the  cord.  After  the 
wiring  has  been  completed  it  shonld  be 
tested  for  short  circuits  and  groonds,  but  if 
the  work  has  been  properly  done  none  will 
be  found.  The  insulation  resistance  to  the 
ground  should  be  not  less  than  one  megohm. 

The  hanging  of  the  fixtures  is  done  after 
the  house  is  entirely  finished.  They  should 
be  wired  with  special  rubber- covered  wire, 
not  flexible  cord,  and  equipped  with  lined 
key  sockets  and  insulating  joints.  The  fix- 
ture wires  are  soldered  direct  to  the  branch 
wires,  the  joint  thoroughly  taped,  and  the 
outlet-box  opening  and  the  wires  concealed 
by  the  sliding  canopy. 

The  cost  of  this  installation  can  only  be 
approximated,  owing  to  the  difference  in 
the  cost  of  labor  and  material  in  different 
places.  In  round  figures,  it  should  be  from 
1200  to  1250.  It  is  the  best  dais  of  work 
at  the  present  time,  and  though  it  is  costly 
it  pays. 

A  few  words  in  regard  to  flexible  conduits 


would  perhaps  not  be  out  of  place  here.  A 
number  of  these  conduits* are  now  on  the 
market,  and  they  are  easy  to  work  and  do 
well  in  some  places,  but  as  they  are  porous 
they  are  useless  under  cement  and  in  damp 
places,  as  the  cement  when  wet  and  soft 
works  through  and  hardens  in  the  tube, 
so  that  the  wires  cannot  be  easily  drawn. 
A  conversation  overheard  by  the  writer 
between  a  contractor  and  an  inspector  of  the 
board  of  underwriters  indicates  the  only 
way,  in  the  estimation  of  the  writer,  to  make 
a  good  job  with  this  conduit.  The  contractor 
wanted  to  use  flexible  steel  conduit  under  a 
cement  floor  not  yet  laid  and  asked  the 
inspector  whether  he  would  pass  it  The 
inspector  replied  that  he  would  if  it  were 
installed  inside  of  the  regular  pipe. 

In  a  previous  article  on  concealed  knob- 
and-tube  work  and  in  this  one  we  have 
applied  the  two  best  systems  of  modern 
electric- light  wiring  known,  and  explained 
the  advantages  and  disadvantages  of  each. 
Either  one  makes  a  good  safe  job,  and  -the 
hints  and  rules  can  be  applied  to  any  buUd- 
ing  with  satisfactory  results. 
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The  Utility  of  Exhaust  Heads — Cause  and  Effect   of  Oil  in  Boilers — Method  of 
Preventing  Oil  From  Getting  in  a  Boiler 


IN  THE  November  number  of  Science  and 
Industry  I  described  a  small  steam  plant 
that  is  giving  satisfaction  to  its  owners, 
and  showed  a  plan  for  taking  the  cylinder  oil 
out  of  the  exhaust  steam.  This  I  consider  a 
very  important  matter,  and,  judging  from  the 
great  variety  of  separators  in  the  market  and 
the  number  of  them  sold,  others  also  con- 
sider the  subject  worthy  of  careful  attention. 

There  are  still  many  plants,  however,  in 
which  little  or  no  consideration  is  given  to 
this  feature,  and  as,  in  many  cases,  indifler- 
ence  to  it  is  based  on  ignorance  of  the  true 
condition  of  affairs,  I  desire  to  give  my 
observation  and  the  experience  of  others 
along  this  line.  I  cannot  give  my  own  ex- 
perience with  cylinder  oil  in  steam  boilers, 
because  I  have  never  had  any.  This  is  due  to 
the  fact  that  I  have  always  taken  precautions 
to  dispose  of  it  in  other  ways. 

If  the  reader  will  stand  close  to  the  end  of 
an  exhaust  pipe  from  an  engine  located  in  a 
plant  where  no  separator  is  used,  he  will  note 


that  the  steam,  as  it  emerges  from  the  pipe, 
Iq  mingled  with  drops  of  water,  which  finally 
fall  in  miniature  showers  on  the  roof.  After 
this  has  been  going  on  for  several  months  or 
years,  the  roof  is  thickly  coated  with  cylinder 
oil,  showing  that  much  of  it,  instead  of  float- 
ing away  with  the  steam,  cleaves  to  the 
drops  of  water.  The  manufacturer  of  exhaust 
heads  has  discovered  this  fact,  and  advertises 
his  product  as  capable  of  abating  the  nui- 
sance by  removing  the  oil  and  water  from 
the  steam. 

An  exhaust  head  does  its  work  so  well 
that  a  pipe  must  be  provided  to  conduct  the 
water  to  the  sewer.  If  the  steam  user  has 
one  or  more  wells  to  supply  him  with  water 
for  making  steam,  or  if  he  is  supplied  by  the 
local  water  company  for  a  fix^  price  per 
year,  he  is  content  to  let  this  water  go  to 
waste,  but  if  he  buys  it  at  a  certain  price  per 
thousand  cubic  feet,  he  feels  that  he  cannot 
stand  the  waste,  and  therefore  provides  some 
kind  of  a  tank  for  the  water  to  run  into.    He 
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finds  that  pumping  cold  water  through  the 
feedwater  heater  condenses  some  or  all  of 
the  steam  when  the  pump  is  run  at  a  fast 
speed,  and  as  this  water  is  going  to  waste 


Fio,  1 

through  the  drip  from  the  heater,  he  causes 
it  to  discharge  into  the  tank  also.  The 
heater  is  usually  set  on  the  engine-room 
floor  or  a  few  feet  above  it,  so  that  it  is 
necessary  to  put  a  drip  into  the  lowest  part 
of  the  exhaust  pipe,  and  this  discharges  into 
the  same  tank. 

Fig.  1  illustrates  an  arrangement  that  will 
be  recognized  as  a  very  common  plan,  so  fax 
as  the  principle  involved  is  concerned.  If 
the  engineer  objects  to  it  on  account  of  the 
danger  of  getting  oil  into  the  boilers,  he  is 
told  that  the  suction  pipe  of  the  pump  ex- 
tends down  about  half  way  to  the  bottom  of 
the  tank,  and,  since  the  oil  rises  to  the  top 
of  the  water,  none  can  get  into  the  suction 
pipe. 

We  all  know  that  if  any  substance  of  a 
specific  gravity  less  than  1  is  put  into  water 
it  will  rise  to  the  surface,  but  still  the  engi- 


ten Kf  «w  laMtm 


Pig.  2 


neer  soon  discovers  that  oil  is  getting  on  the 
tubes  and  bottom  sheets  in  such  quantities 
that  more  fuel  is  required  to  keep  up  steam 
than  when  the  boilers  are  clean,  for  oil,  to 


some  extent,  prevents  heat  from 
through  an  iron  or  steel  plate.  Oil  does  not 
prevent  heat  from  going  into  a  plate,  but 
does  keep  it  from  passing  through  the  sheet 
into  the  water.  This  threat- 
ens the  safety  of  the  boilers, 
for  the  heat  may  weaken  a 
sheet,  when  pressure  will 
force  it  out  of  place,  and  a 
*'bag''  is  the  result  If  this 
does  not  receive  immediate 
attention,  an  explosion  may 
ensue.  The  presence  of  oil 
where  it  is  not  wanted  may 
be  explained  as  follows:  As 
long  as  all  of  the  oil  floats 
on  the  surface  of  the  water 
in  the  heater,  and  as  long 
as  this  surface  is  kept  above 
the  end  of  the  suction  pipe, 
th^re  will  be  no  trouble, 
but  when  the  water  level 
in  the  water  tank  is  lowered 
until  it  is  about  the  same 
height  as  the  end  of  the 
suction  pipe,  the  oil  is  at 
once  drawn  into  the  pump. 

Another  source  of  trouble  is  the  &ct  that 
all  of  the  oil  and  grease  does  not  go  to  the 
top  of  the  water  in  the  tank  readily,  because 
some  parts  of  the  oil  are  quite  heavy.  Much 
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of  the  lighter  parts  wiU  go  to  the  surface, 
but,  as  a  rule,  no  proviiBion  is  made  for 
skunming  it  ofl",  so  that  it  stays  there  until 
dust  and  dirt  collects  on  it  and  finally 
become  mixed  with  it,  forming  a  pasty  maas 
that  does  not  float;  consequently  this  is 
drawn  into  the  suction  pipe  and  deposited 
on  the  boiler  tubes  and  sheets. 

The  desire  to  save  water.is  the  direct  cause 
of  oil  getting  into  the  boilers,  and  the  same 
consideration  prevents  it  from  being  washed 
out  as  often  as  it  should  be,  for  the  water 
contained  in  the  boiler  and  that  used 
through  a  hose  to  wash  out  the  oil  is 
deemed  a  loss  that  cannot  be  permitted  very 
often. 

I  do  not  advocate  the  waate  of  water  or 
heat,  the  latter  of  which  means  coal,  but  I 
do  object  to  the  crude  plans  made  by  incom- 
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petent  men  who  are  sometimefl  allowed  to 
erect  plants  in  the  way  illustrated  in  this 
article,  for  they  waste  coal  enough  to  more 
than  pay  for  the  water  saved,  and  at  the 
same  time  introduce  an  element  of  danger 
that  should  not  be  ignored. 

In  a  certain  plant,  which  consisted  of  two 
tabular  boilers  and  a  Corliss  engine,  that 


Fig.  4 


was  fitted  up  in  this  dangerous  way,  nearly 
all  of  the  oil  went  into  one  boiler.  While 
looking  for  the  cause  of  this  I  found  the 
feed  pipes  arranged  as  shown  in  Fig.  2.  The 
mixture  of  oil  and  water  was  forced  through 
the  feed  pipe  by  the  pump,  and  when  it 
reached  the  tee  shown  at  A  much  of  the  oil 
rose  to  the  highest  point  possible  and  con- 


sequently went  into  the  No.  1  boiler.  When 
the  piping  was  taken  down  and  arranged 
as  shown  in  Fig.  3,  the  oil  was  distributed 
much  more  evenly. 

By  the  adoption  of  the  plan  shown  in 
Fig.  4,  the  water  may  be  saved  and  the  oil 
and  grease  sent  to  the  sewer,  where  they 
belong.  A  separator  placed  in  the  exhaust 
pipe  and  dose  to  the  engine  purifies  the 
exhaust  steam  so  that  all  of  it  may  be  con- 
densed and  returned  to  the  boilers  without 
danger  of  coating  them  with  oil.  If  there 
is  not  room  enough  to  permit  it  to  be  located 
as  shown,  it  may  be  placed  in  the  horizontal 
part  of  the  exhaust  pipe,  but  it  should  be  as 
close  to  the  engine  as  possible. 

A  few  words  of  caution  will  not  be  out  of 
place  at  this  point  Some  separators  are 
undoubtedly  better  than  others,  and  as  the 
best  are  none  too  good,  only  those  guaran- 
teed to  do  the  work  should  be  used.  All 
cylinder  oils  are  not  alike,  some  being  com- 
pounded and  others  made  of  pure  mineral 
products.  When  it  is  found  by  experiment 
that  an  oil  can  be  removed  readily  from  the 
exhaust  steam,  that  is  the  kind  to  use,  pro- 
vided it  is  a  good  lubricant.  The  plan  of 
changing  cylinder  oil  frequently,  for  no 
reason  but  to  save  a  few  cents  per  gallon  on 
the  first  cost,  is  not  to  be  recommended, 
especially  where  exhaust  steam  is  to  be 
returned  to  the  boilers. 
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THE  printing  room  of  a  great  metropolitan 
newspaper  offers  a  fine  illustration  of 
the  value  and  economy  of  machinery 
employed  in  the  arts  and  sciences  The 
evolution  of  printing  in  the  last  decade  has 
been  more  interesting  than  at  any  previous 
epoch  of  its  history,  and  the  completion  and 
operation  of  the  wonderful  modem  giant 
presses,  with  a  capacity  of  twenty  thousand 
copies  an  hour,  mark  the  acme  of  invention 
in  this  line.  The  success  of  these  machines 
has  been  one  of  the  marvels  of  the  age,  but 
there  are  still  possibilities  in  news  printing 
that  open  up  new  fields  never  before 
dreamed  of.  Speed  and  accuracy  are  the 
great  essentials  of  a  well-equipped  newspaper 
office,  and  the  perfection  of  the  machinery 


has  always  been  toward  the  accomplishment 
of  these  two  objects.  The  newspaper  has 
become  largely  the  product  of  the  machine, 
and  only  the  intellect  that  directs  it  seems 
beyond  the  control  and  operation  of  machin- 
ery. The  typesetting  machine  works  with 
almost  human  intelligence,  and  performs 
work  that  the  deftest  fingers  can  never  hope 
to  equal. 

But  automatic  news  printing  has  not  yet 
reached  the  perfection  desired,  and  experi- 
ments and  inventions  recently  made  in  this 
direction  indicate  that  in  the  near  future  a 
new  revolution  will  be  recorded.  Electricity 
has  already  manifested  itself  in  this  new 
field,  and  it  will  be  through  the  application 
of  this  to  printing  that  will  make  the  change 
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poflsible.  In  spite  of  the  machinery  in  a 
printing  office,  there  is  still  a  good  deal  of 
mannal  labor  to  perform.  Manual  labor  is 
always  slower  in  prodacing  anything  than 
automatic  machinery,  and  it  is  the  ambition 
of  inventors  to  do  away  with  as  much  of 
this  manual  labor  as  possible,  both  to  reduce 
expenses  and  to  increase  speed. 

One  of  the  impending  changes  in  the 
printer's  art  is  found  in  the  automatic  tele- 
graph-typewriter, which  has  recently  received 
considerable  attention  from  the  press  and 
public.  This  automatic  device  is  intended 
to  combine  the  telegraph  with  the  type- 
writer, and  to  save  the  telegraph  editor  a 
world  of  labor  late  at  night,  when  everybody 
is  in  a  hurry  to  put  the  paper  on  the  press. 
Most  of  the  news  printed  in  a  newspaper 
comes  from  the  reporters,  who  write  up  all 
the  local  items  of  importance,  and  from  tele- 
graphic correspondents  and  news  bureaus. 
At  night  the  telegraph  operator's  room  in  a 
newspaper  office  is  a  busy  place.  The  news 
pours  in  over  the  wires  from  a  dozen  differ- 
ent centers  of  the  world,  and  as  fiast  as  the 
messages  come  clicking  over  the  machine 
the  operators  write  them  out  in  long  hand. 
Perhaps  a  dozen  operators  will  thus  be  busily 
engaged  for  several  hours,  and  it  requires 
expert  writers  to  take  messages  as  fast  as  they 
come.  The  manual  effort  of  writing  out 
these  news  dispatches  late  at  night  is  great. 
In  some  offices  the  typewriter  is  used  for 
translating  the  telegraphic  dispatches,  and 
as  the  news  comes  from  the  telegraph 
sounder  by  his  side  the  operator  can  trans- 
late about  thirty  words  a  minute. 

By  means  of  the  new  telegraph-typewriter, 
invented  by  Donald  Murray,  the  news  over 
the  telegraph  will  be  automatically  repro- 
duced on  a  perforated  tape  at  the  rate  of 
114  words  a  minute.  This  will  be  nearly 
four  times  as  fast  as  the  long-hand  writing  of 
the  operator.  This  of  itself  wonld  simplify 
newspaper  telegraphic  dispatches,  but  it 
would  not  be  sufficient  to  overcome  all  the 
difficulties  experienced. 

Another  step  has  been  made  in  the  system 
by  which  the  linotype  machine  is  operated 
at  the  same  time.  The  keyboard  of  the 
linotype  is  operated  the  same  as  that  of  a 
typewriter,  and  by  means  of  the  new  attach- 
ment this  keyboard  is  worked  by  the  tele- 
graph itself.  When  a  message  comes  over 
the  wire  this  new  attachment  not  only  per- 
forates the  tape  to  indicate  the  message,  but 
it  operates  the  linotype  keyboard  and  causes 


it  to  set  in  type  the  message  sent.  This 
change  will  enable  messages  from  Washing- 
ton or  Chicago  to  pass  straight  from  the 
wires  to  the  type.  There  will  be  no  oper- 
ator to  take  down  the  messages  and  tran- 
scribe them.  The  new  telegraph  instruments 
with  the  typesetting  attachments  will  be 
placed  in  the  type-room  instead  of  in  the 
special  telegraphic  room,  and  messages  will 
flow  freely  from  the  wires  to  type  ready  for 
instant  use. 

The  messages  from  the  wires  are  written 
on  the  tape  first,  and  this  tape  is  carried 
into  the  linotype,  where  the  perforations 
automatically  work  the  keys.  The  work 
can  go  on  at  the  rate  of  100  words  a  minute, 
and  the  telegraphic  dispatcher  in  Washing- 
ton can  not  only  typewrite  his  messages  in 
New  York,  but  can  actually  set  them  in  type 
there  at  this  astonishing  rate. 

These  inventions  will  also  revolutionize 
the  reportorial  department  of  newspaper 
work.  It  has  been  commonly  said  that  the 
typewriter  was  gradually  driving  the  pen 
out  of  business  and  that  in  time  it  would 
take  its  place.  The  new  inventions  will 
practically  drive  the  pen  and  pencil  out  of 
the  newspaper  offices.  The  repoiter  will 
no  longer  write  out  his  copy  in  long  hand 
and  pass  it  on  to  the  typesetter.  Instead, 
he  will  write  it  out  with  one  of  the  new 
tape-perforating  machines,  which  will  print 
the  usual  typewritten  page  and  the  per- 
forated tape  for  the  linotype.  This  tape  is 
run  into  the  linotype,  and  should  any  alter- 
ations of  the  copy  be  necessary,  they  can  be 
made  by  simply  pulling  the  tape  along  and 
operating  the  linotype  by  hand  until  the 
desired  correction  is  made,  when  the  tape 
resumes  its  work  and  the  message  goes  on 
as  before,  the  type  falling  into  position  with 
the  regularity  of  clockwork. 

Another  invention  that  is  intended  to 
supplement  typesetting  by  telegraph  in  the 
rapid  production  of  a  newspaper,  is  an 
automatic  stereotyping  machine.  Stereo- 
typing has  heretofore  been  slow  and  clumsy 
work,  and  improvement  in  this  particular 
has  been  urgently  demanded.  The  new 
machine  does  in  fifteen  seconds  what  was 
previously  done  by  three  men  in  one 
minute,  and  the  minutes  saved  in  making 
a  stereotype  plate  are  of  the  utmost  value 
when  the  last  cast  is  to  be  made,  since  they 
reduce  the  interval  between  the  setting  of 
the  last  type  and  the  printing  of  the  paper 
to  the  smallest  limits. 
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THE  next  piece  of  work  to  be  considered 
ifl  the  construction  of  the  mold  around 
the  upper  part  of  the  cupola  shown 
in  Fig.  2.  The  miter  cut  for  this  mold  must 
be  obtained,  and  the  method  employed  is 
the  same  as  that  used  in  laying  out  the 
stretchout  and  the  miter  cut  for  the  base 
mold,  which  was  described  at  length  in  con- 
nection with  Fig.  4,  in  the  July  issue. 
When  the  pieces  for  this  mold  have  been 
formed,  they  are  set  together  in  halves,  and 
nailed  against  the  sheathing  of  the  cupola, 
the  portions  resting  on  the  capitals  being 
soldered.  The  two  seams  are  soldered  when 
the  mold  is  in  place,  after  which  the  flat 
sheet-iron  oeUing  is  nailed  in  position  with 
1-inch  wire  nails.  Flat  iron  used  for  a  laige 
surface  is  apt  to  buckle,  and  should  be 
crimped  or  corrugated  to  avoid  this  disad- 
vantage. The  main  cornice  shown  in  section 
from  JT  to  X,  Fig.  2,  will  be  made  in  the 
shop  complete  in  halves.  The  method  of 
making  the  horizontal  joints  in  this  cornice, 
lAyisg.  ootand  cutting  the  semicircular 
dentUs  and  drips,  shown  by  X^  in  Fig.  2, 
may  now  be  considered. 

We  wUl  as€ume  that  (a)  in  Fig.  24  repre- 
sents the  full-size  detail  of  the  main  cornice, 
and  that  the  seams  will  be  located  at  a,  6, 
c,  and  d.  The  dentil  e  has  a  2-inch  face,  and 
is  3}  inches  high  and  2  inches  deep.  To  lay 
out  the  patterns  for  this,  obtain  a  piece  of 
metal  3}  in.  X  6  in.,  with  square  comers,  as 
shown  at  (6).  The  required  number  from 
this  pattern  can  be  cut  on  the  squaring 
shears  from  scrap  pieces  of  metal,  after  which 
they  may  be  prick-punched  through  the 
holes  left  in  the  pattern,  as  at  «, «,  in  (6), 
Fig.  24.  They  can  then  be  bent  up  on  the 
small  cornice  brake,  as  shown  in  Fig.  24  (c), 
and  the  bottom  k  soldered  in  as  designated. 
The  dentU  block  at  the  comer  of  the  octagon 
is  peculiar,  having  two  faces,  as  shown  in 
Fig.  24  («).  It  is  necessary,  in  making  this 
pattern,  to  get  out  a  piece  of  metal  8  in. 
X  Si  in.,  marking  it  off  as  shown  at  (d).  Of 
this  pattern  8  will  be  required,  formed  as 
shown  at  (e),  and  with  a  flat  head  soldered 
in  one  end.  To  obtain  the  pattern  for  this 
head,  draw  an  octagonal  angle  as  Z,  r,  m,  in 
Fig.  24  (/),  making  Ir  and  rm  each  equal  to 


2  inches,  and  at  right  angles  to  Zr  and  rm 
draw  the  lines  lo,mnj  each  2  inches  long, 
which  is  the  depth  of  the  dentil.  Complete 
the  flgure  by  connecting  the  points  op  and 
p  n.  Before  laying  out  the  pattern  for  the 
drops  under  the  corbel  table  supporting  the 
cornice,  shown  at  v,  Fig.  2,  the  true  length 
on  the  line  of  the  corbel  table  must  be  found. 
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Fig.  24 

so  that  the  correct  dimensions  of  the  arches 
can  be  obtained.  Upon  referring  to  the 
section.  Fig.  2,  it  will  be  seen  that  ti;,  rr,  and 
y  are  in  one  plane,  so  that  all  measurements 
obtained  on  the  line  at  w  will  also  be  the 
measurements  on  the  line  at  x  and  y.  As 
the  distance  from  the  center  of  the  column  to 
the  point  u;  is  6  inches,  lay  off,  as  in  Fig.  6, 
this  distance  toward   the  outside  from  the 
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center  of  the  colamn,  and  draw  a  line 
parallel  to  ef^  which  in  Fig.  6  represents  the 
center  line  of  the  columns.  This  line  just 
drawn  intersects  the  miter  lines  ch  and  cj, 
and  may  be  designated  as  op,  which  upon 
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measurement  is  found  to  be  3  feet  9  inches 
long.  All  the  measurements  may  now  be 
taken  on  the  miter  cuts,  measuring  from  the 
points  shown  at  w^  x,  and  y,  Fig.  24,  and  the 
various  patterns  laid  out  by  the  method 
shown  in  connection  with  Fig.  7.  Referring 
to  the  elevation,  Fig.  2,  it  will  be  noticed  that 
the  plane  of  the  corbel  mold  as  indicated  on 
the  section  v.  Fig.  24,  projects  3  inches  out- 
side the  line  r,  and  as  it  is  important  to 
obtain  the  length  on  the  line  p,  it  is  neces- 
sary to  mark  a  distance  of  3  inches  outside 
of  the  line  op  in  Fig.  6,  and  draw  through 
the  point  thus  obtained  a  line  parallel  to  op, 
as  shown  by  kl  The  length  of  this  line 
upon  measurement  will  be  found 
to  be  3  feet  11}  inches. 

Everything  is  now  ready  to 
lay  out  the  pattern  for  the  arches 
shown  in  section  in  Fig.  24  (a), 
from  c  to  df  and  in  elevation  in 
Fig.  2,  at  a^.  From  Fig.  2  it  will 
be  noticed  that  the  width  of  the 
facia  of  the  cornice  upon  which 
the  corbel  table  is  secured  is  1  foot 
4  inches.  This  being  the  case, 
obtain  a  sheet  1  foot  5  inches 
wide  and  scribe  off  on  the  top 
and  bottom  a  ^-inch  lap,  as 
shown  in  Fig.  25.  On  the  line 
A  B,  measure  off  the  distance  of 
3  feet  9  inches,  as  before  ob- 
tained in  Fig.  6,  and  at  right 
angles  to  A  and  B  draw  the  lines 
A  C  and  BD^  equal  in  width  to  8  inches, 
which  is  the  distance  from  the  top  of  the  foot 
mold  to  the  top  of  the  corbel  or  drop  in  Fig.  2. 
As  the  length  of  the  plane  surface  v  measures 
3  feet  11}  inches,  lay  off  on  a  line  drawn 
through  CD  extended,  1}  inches  on  each 
side,  as  shown  by  E  and  F,    At  right  angles 


to  ^and  F,  draw  the  lines  EJand  FH,  until 
they  intersect  the  }-inch  lap  scribed  at 
if  and  /.  Then  will  this  figure  be  the  out- 
line of  the  pattern  for  that  portion  of  the 
cornice  shown  by  a'  in  the  elevation,  Fig.  2. 
As  the  distance  from  the 
top  of  the  corbel  to  the  top 
of  the  semicircle  or  arches 
is  6}  inches,  and  the  dis- 
tance frx>m  the  top  of  the 
arch  to  the  bottom  of  the 
dentil  course  2\  inches, 
measure,  in  Fig.  25,  2i 
inches  downwanl  from 
a  to  6,  and  draw  a  line  on 
the  sheet  of  metal  as 
shown.  The  length  from 
H  to  /equals  47}  inches, 
and  the  semicircles  are  6  inches  in  diameter, 
5  being  required.  The  semicircles  will  then 
occupy  30  inches  of  space;  this,  when  de- 
ducted from  the  length,  47}  inches,  leaves 
17}  inches,  which  is  to  be  divided  into  6 
parts,  making  each  part  2\\  inches  wide, 
which  is  the  width  of  the  raised  portion 
between  the  arches.  Lay  off  on  a  line 
drawn  through  FBy  in  Fig.  25,  these  various 
spaces  as  shown.  Bisect  each  of  the  6-inch 
spaces,  and  setting  the  dividers  to  a  3-inch 
radius,  scribe  semicircles  at  the  proper  height 
representing  the  arches.  As  the  inner  semi- 
circle forming  the  arches  is  }  inch  in,  set  the 
dividers  to  a  radius  of  2}  inches,  and  describe 
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the  inner  semicircle  as  designated.  Three 
patterns  are  now  made  fr^m  this  layoat, 
which,  when  cut,  will  be  as  shown  in  Fig.  26. 
Seven  more  pieces  of  metal  like  each  of  these 
patterns  will  be  required.  After  the  8  sides 
have  been  cut,  and  the  burr  straightened  on 
the  square  head  with  a  mallet,  they  are 
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stripped,  as  shown  in  Fig.  27.  The  parts 
marked  i,  if,  and  S  are  the  same  as  those 
similarly  marked  in  Figs.  25  and  26.  In  a 
section  through  ef  which  is  shown  at  (a), 


Fio.  27 


Fig.  27,is  designated  the  method  of  stripping; 
a,  bf  and  c  are  soldered  raw  edges,  while  at  d 
a  i-inch  edge  is  notched  and  turned,  and  the 
portion  S  laid  on  the  edges  or  lap  and 
soldered.  Each  of  the  strips  are  1)  inches 
deep,  thus  making  the  projection  from  the 
snrfkce  i  to  the  surface  ^,  3  inches,  as  re- 
quired. When  soldering  the  strips  in  Fig.  27, 
the  strip  %  is  first  soldered  to  the  portion  i? 


Fio.  28 


on  the  outside,  then  the  inner  strip  m  is  also 
soldered  to  the  same  portion  on  tiie  inside. 
The  section  thus  completed  is  soldered  to 
portion  1  on  the  inside,  after  which  part  S  is 


laid  over  the  lap  and  soldered  as  hefore  ex- 
plained. 

The  next  step  is  to  prepare  the  corbels, 
which  must  be  placed  on  that  part  marked 
open  in  Fig.  27.  Referring  to 
Fig.  25,  it  will  be  observed  that 
the  width  at  this  point  is  marked 
2{\  inches,  though  in  this  case 
it  will  be  considered  as  3  inches. 
From  Fig.  24,  it  will  be  observed 
that  the  sinkage  in  the  arches 
is  3  inches,  while  the  corbel 
projects  i  inch  from  the  line  v, 
as  shown,  thereby  making  the 
face  of  the  corbel  at  the  top 
Zi  inches  from  the  face  rw  of 
the  cornice,  while  the  front  of 
the  corbel  will  be  5  inches  wide. 
Therefore,  in  Fig.  28,  draw  the 
front  and  side  views  of  the  cor- 
bel as  shown  in  this  figure  at 
(a)  and  (&),  (a)  representing 
the  front  view  and  (6)  the  side  view.  Since 
the  length  of  the  front  and  the  sides  of  the 
corbel  cap  are  unequal,  separate  miters 
will  be  required,  one  for  the  front  and 
one  for  the.  side.    In  order  to  determine 


*^ 


(a) 


Fig.  29 


these  miter  cuts,  divide  the 
side  profile  of  the  front  view, 
(a),  Fig.  28,  into  equal  spaces, 
allowing  the  flange  to  turn 
inward  on  the  top  about  1 
inch,  as  shown.  From  these 
spaces,  numbered  from  i  to  7, 
draw  horizontal  lines  intersecting  the  side 
view  (&)  at  the  points  designated  from  1^  to 
7^.  In  order  to  obtain  the  pattern  for  the 
side,  place  a  stretchout  of  the  side  profile  of 
(a)  on  the  line  a  6,  as  shown  in  (c)  by  the 
figures  1  to  7.  At  right  angles  to  a  6,  and 
through  the  same  figures,  draw  lines  which 
intersect  with  the  lines  drawn  from  similarly 
numbered  intersections  on  the  profile  (6). 
The  latter  are  drawn  downward  and  parallel 
to  a  6  as  shown,  and  a  line  traced  through 
the  points  thus  obtained  is  as  designated  by 
efg,  and  will  be  the  pattern  for  the  sides 
of  the  corbel,  of  which  80  pieces  will  be 
required,  40  formed  right  and  40  formed  left. 
For  the  pattern  of  the  fr^nt,  place  on  the 
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center  line  extended,  as  at  c  d,  in  the  dia^ 
gram  ((/),  Fig.  28,  the  stretchout  of  the  pro- 
file shown  in  (6),  transferring  each  and 
every  apace  separately,  as  the  divisions  on 
this  profile  are  unequal,  and  proceed  as 
previously  explained  in  connection  with 
the  side  pieces;  32  from  this  pattern  will  be 
necessary.  For  the  pattern  of  the  corbel  at 
the  octagonal  comers,  draw  a  correct  plan 
of  the  comer  corbel,  as  shown  iii  Fig.  29, 
and  in  its  proper  position  place  a  duplicate 
of  the  profile  (6)  shown  in  Fig.  28,  and 
•designated  at  (&),  Fig.  29.  Divide  the  pro- 
file into  equal  spaces,  as  shown  by  the 
figures  i  to  7.  Tl^ough  these  figures  draw 
the  vertical  lines  intersecting  the  miter  line 
a  6  as  shown.    Draw  in  a  horizontal  line^ 


as  cd,  upon  which  place  the  stretchout  of 
the  profile  (&),  as  shown  from  1  to  7.  At 
right  angles  to  cd,  and  through  the  points 
thus  numbered,  draw  lines  which  intersect 


with  those  drawn  from  similar  intersections 
on  the  miter  line  a  b.  These  lines  are  drawn 
parallel  to  cd.  By  tracing  a  line  through 
the  points  thus  obtained,  as  shown  from  e  to 
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f,  the  octagonal  miter  cut  will  be  obtained. 
From  this  pattern,  16  pieces  cut  from  sheet 
metal  will  be  required,  8  with  and  8  without 
laps,  formed  right  and  left  When  all  of 
these  corbels  are  formed,  the  square  cor- 
bels are  set  together  as  shown  at  (a), 
Fig.  30,  leaving  an  opening  at  the  top,  as 
designated,  and  having  the  one-inch  flange 
all  around.  The  comer  corbel  is  set  together 
in  a  similar  manner,  as  at  (6),  Fig.  30,  the 
1-inch  flange  being  provided  in  this  piece  as 
well. 

When  the  corbels  are  finished  and  the 
arches  have  been  stripped,  the  corbels  are 
then  set  in  position  between  the  arches 
where  marked  opm  in  Fig.  27,  and  when  in 
position  will  look  as  designated  in  Fig.  31. 
The  various  sections  are  now  soldered  or 
riveted  together,  to  complete  the  full  height 
of  the  cornice.  When  it  is  set  in  two  halves 
in  the  shop  and  braced,  it  is  ready  to  be  sent 
to  the  building.  In  erecting  this  piece  of 
work,  it  is  set  over  the  wood  sheathing  and 
fastened  with  wood  screws,  being  nailed 
along  the  bottom,  at  t  in  Fig.  2,  with  1-inch 
flat-headed  wire  nails.  The  two  seams  are 
put  together  at  the  building,  and  must  be 
well  soldered  to  avoid  any  leakage. 


(Tobe  Cohtinued.) 
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HANOINO  MAST  ARMS  FOR  ARC  LIGHTS 


a  H.  BeU 


Thb  hangiog  of  a  mast  arm  is  nsnally  an 
awkward  job  to  acoomplieh,  as  many  that 
have  tried  it  haye  fonnd.  The  following  short 
description  shows  how  we  have  got  around 


the  difficulty  after  a  number  of  trials  and 
experiments. 

A  piece  of  No.  6  iron  wire  is  bent  as  in 
Fig.  1,  and  when  we  are  ready  to  hoist,  the 
arm  is  placed  in  the  V-shaped  part  of  the 
arm,  as  in  Fig.  2,  and  the  hook  from  a  small 
blo<^  and  tackle  hooked  into  the  angle,  the 
other  end  of  the  block  and  tackle  being 
fiutened  near  the  top  of  th^  pole.  The  arm 
is  then  hoisted  to  its  place  and  held  while 
the  cross-arm  is  secured  and  the  stayrods 
fastened.  

TBMPORARY  REPAIR  FOR  A  PISTON  RING 
Tho$,  d  HuUon,  Thurmond,  W.  Va. 

Whilb  reading  Scixncb  and  Industry  a 
short  while  ago,  I  was  reminded  of  a  good 
method  for  temporarily  repairing  a  piston 
that,  on  account  of  poor  rings,  allowed  steam 
to  pass.  While  mnning  a  worn-ont  pomp 
that  was  continually  breaking  down,  I 
noticed  that  the  steam  cylinder  was  consu- 
ming too  much  steam  for  the  amount  of  water 
discharged.  On  remoying  the  piston  I  saw 
that  the  rings  did  not  fill  up  the  cylinder. 
But  how  was  the  defect  to  be  remedied  with 
the  tools  usually  to  be  found  around  a  mine 
pump?  As  a  forlorn  hope,  I  tried  the  fol- 
lowing:  I  remoyed  the  rings  and  with  a 


sharp  pocket  knife  cut  a  strip  of  cloth  from 
an  old  pair  of  oyeralls,  to  fit  ^e  ring  grooyes, 
put  the  rings  back  in  place,  and  replaced  the 
piston.  1  started  up  the  pump  and  awaited 
deyelopments.  I  am  still  waiting,  for  that 
old  piece  of  duck  is  still  in  for  all  I  know, 
and  it  worked  all  right  as  long  as  I  ran 
the  pump.  

CLEANING   DRAWING   INSTRUMENTS 
W.  M,  Gilbert,  Bdhlehem,  Pa. 

A  CHBAP  and  eflfectiye  way  of  cleaning 
drawing  instruments  is  to  use  a  set  of 
ordinary  ink  and  pencil  erasers.  This  is 
a  method  that  has  proyed  yery  satisfactory 
to  me,  and  as  I  haye  neyer  heard  of  it  before, 
I  send  it  to  you  in  the  hope  that  it  may  be 
of  seryice  to  others.  I  first  use  a  Faber's 
improyed  ink  eraser  and  then  polish  the 
instrument  a  little  with  a  Tower  multiplex. 
Care  should  be  taken  when  using  the  ink 
eraser  not  to  scratch  the  piece,  which  may 
be  done  by  rubbing  too  hard. 

CASTING  UNDERCUT  PINIONS 
E.  W.  BerUd,  Washington,  Pa. 

A  SHORT  time  ago  I  had  occasion  to  make 
a  drawing  of  a  12-tooth  cast-iron  pinion  of 
1-inch  pitch.  I  laid  it  out  by  Grant's  inyo- 
lute  odontograph.  After  the  pattern  was 
made,  our  master  mechanic  informed  me 
that  it  would  be  a  hard  matter  for  the 
foundry  to  cast  it,  as  they  always  had 
trouble  in  casting  pinions  that  were  under- 
cut I  hardly  knew  what  to  do,  as  I  knew 
of  no  way  to  make  a  pinion  that  had  so  small 
a  number  of  teeth  without  undercutting. 

But  we  did  cast  the  pinion  with  the 
original  pattern,  as  described  below,  with 
yery  good  success. 

The  pattern  of  the  pinion  was  placed  on  a 
smooth  surface  plate  and  a  border  put  about 
1  inch  away  from  the  gear;  then  a  casting  of 
old  Babbitt  metal  was  made  about  i  inch 
thick,  making  a  kind  of  internal  gear.  This 
internal  gear  of  Babbitt  metal  was  trued  and 
placed  oyer  the  pattern;  then,  by  carefully 
pulling  the  pinion  pattern  out  of  the  sand 
through  the  Babbitt  metal,  a  perfect  mold 
was  made.  The  casting  was  yery  smooth, 
with  sharp  comers. 
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The  master  mechanic  informed  me  that 
it  works  admirably,  mns  as  smooth  as  a 
cat  gear,  and  has  very  little  lost  motion.  T 
always  make  cast  gear-teeth  on  the  pitch 
line  yViAr  times  the  pitch,  and  the  space  ^f^ 
times  the  pitch. 

No  doubt  this  process  might  be  old  to 
some  of  the  older  mechanics,  but  it  is  new 
to  me  and  might  be  the  same  to  some  of  the 
readers  of  Scibncb  and  Industry. 

ANOTHER  DOWBL  CUTTER 


tool.  The  changes  are  indicated  in  the 
dotted  lines  ^,  i,  j,  1*,  L  I  haye  found  the  tool 
to  be  very  valuable. 


A  NOVBl.  FILLER 


J.  D.  Hoffman 

Having  noticed  an  article  on  dowel  cut- 
ters in  the  July  number  of  Scibncb  and 
Industry,  I  would  like  to  call  your  atten- 


W,  MeNettt,  Ckieago,  Itt. 

A  LUBRICATOR  without  a  filling  attachment 
is  incomplete.  That  engineers  should  go  on 
all  these  years  operating  their  lubricators  in 
the  crude,  wasteful,  and  exasperating  method 
now  generally  employed,  is  a  very  strange 
thing.  Necessity  is,  in  truth,  the  mother  of 
invention,  but  in  this  case  she  has  been  a 
very  long  time  in  bringing  forth  her  off- 
spring. For  more  than  20  years  some  neat, 
clean,  and  easy  method  of  filling  valv« 
oilers  has  been  a  glaring 
necessity. 

For  many  years,  at  regu- 
lar intervals,  the  engineer 
has  wearily  hunted  up  his 
operating   tools  and   pre- 


tion  to  a  cutter  made  in  the  Purdue  Univer^ 
sity  shops. 

This  cutter  is  designed  to  make  pattern 
pins  for  split  patterns.  There  is  nothing 
especially  new  about  it,  as  cutters  of  similar 
form  are  used  in  hand  lathes,  but  its  appli- 
cation may  be  of  some  benefit  to  woodwork- 
ers that  have  never  tried  it  in  this  way. 
The  expense  of  making  is  not  great,  and  in 
time  it  will  more  than  pay  for  itself.  The 
cutter  is  made  of  steel  throughout,  and  when 
used,  it  is  substituted  for  the  live  center  of 
the  lathe. 

In  making  the  pin,  the  wood  is  sawed 
square  to  the  sise  of  the  required  pin  diame- 
ter and  held  by  the  hand  while  the  pin  is 
being  formed.  A  finished  pin  is  shown  in 
the  sketch.  This  Is  sawed  off  to  the  length  e 
and  inserted  in  the  pattern  to  the  requlried 
depth. 

A  cutter  for  long  dowels  could  be  made  at 
less  expense  than  the  one  shown.  The  one 
thing  necessary,  of  course,  would  be  a  lathe 
with  a  hollow  spindle.  Such  lathes  are  to 
be  found  in  most  establishments. 

A  cutter  of  this  sort  would  require  a 
straight  knife  instead  of  the  one  shown,  also 
a  hollow  stem.  The  stem  could  be  made 
shorter  and  not  lessen  the  efficiency  of  the 


I  pared  to  dismantle  his  lu- 

_^„,  .„J  bncator  in  order  to  fill  it. 

With  slop  bucket,  monkey- 

■  wrench,  waste,  oil  can,  and 

often  a  ladder  he  performs 
the  dreaded  operation,  for 
such  it  truly  is.  The  writer 
well  remembers  the  old 
Cincinnati  plant  of  10  engines,  where  he  per- 
formed the  operation  thirty-six  times  each 
day.    There  was  no  time  to  do  much  else. 


In  sheer  desperation  he  attacked  the  prob- 
lem. The  diagram  shows  clearly  the  prin- 
ciple of  the  invention,  which  many  engineen 
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will  nndentand  at  a  glance.    Bat  why  has 
it  not  heen  done  hefore? 

The  reservoir  a,  nutde  of  sheet  copper,  sets 
on  the  steam  chest.  There  is  no  pressors  on 
the  reservoir,  which  is  closed  only  by  a  loose 
hinged  lid.  A  gallon  or  two  of  oil  is  damped 
in  it  once  or  twice  a  week,  and  this  is  all  the 
attention  it  reqaires.    The  slop  backet  and 


ladder  can  be  thrown  away,  and  the  waste 
and  wrenches  saved  for  occasions  when  they 
will  be  of  more  service. 

The  lubricator  is  filled  by  shutting  it  off  as 
osaal.  The  water,  in  running  away  to  the 
sewer,  pulls  the  oil  up  through  the  pipes  &,  h 
into  the  oil  cup,  and  the  whole  operation  is 
quick,  dean,  easy,  and  complete. 


EDITORIAL  COMMENT     « 


THE  CROSS  OIL  PILTBR 

Thb  Westinghouse  Air  Brake  Company 
havejast  ordered  from  the  Bart  Manufac- 
turing  Company,  of  Akron,  Ohio,  a  large 
Cross  oil  filter  to  equip  their  power  house. 

mPROVBD  SCRAPING  TOOLS 

If  an  article  has  any  utility  or  value  it  can 
be  sold  by  letting  people  know  about  it 
This  is  precisely  what  the  Mound  Tool  and 
Scraper  Co.,  St.  Louis,  Mo.,  wish  to  do 
when  they  call  attention  to  the  improved 
scraping  tools  for  scraping  valves,  journals, 
bearings,  etc.  Packing  tools  and  high-grade 
crucible  steel  chisels  are  becoming  more 
popular  every  day,  and  the  company  reports 
increasing  sales  of  them  every  month.  With 
every  sale  this  month  they  are  giving  the 
Louvine  bent  grooving  chisel  free  to  all 
readers  of  Sciencb  and  Industby. 

VICTORIA  JUBILBB  BRIDGE 

Wb  have  received,  with  the  compliments 
of  the  Grand  Trunk  Railway  System,  a 
splendid  souvenir  of  the  Victoria  Jubilee 
Bridge  across  the  St.  Lawrence  River.  This 
bridge  was  opened  for  traffic  on  December 
13, 1898.  The  volume  is  beautifully  printed 
on  plate  paper,  illustrated  by  excellent  photo- 
gravures, and  is  a  complete  description  of 
the  new  bridge  and  the  ceremonies  attend- 
ing its  opening;  of  the  old  method  of  reach- 
ing Montreal  by  ferry  from  Longueuil  in 
;1855;  of  the  old  tubular  bridge  built  in  1860 
and  replaced  by  the  new  one;  etc.  The 
volume  is  a  work  of  art  in  every  respect, 
and  is  beautifully  bound  in  an  engraved 
aluminum  cover.  The  Victoria  Jubilee 
Bridge  now  in  use  in  croesing  the  St 
Lawrence  River  is  one  of  the  best  pieces  of 
modem  engineering  work  in  America,  and 
its  construction  by  the  Grand  Trunk  Rail- 
way System  will  prove  an  important  factor  in 


the  future  development  and  industrial  growth 
of  the  beautiitd  city  of  Montreal  and  the 
Province  of  Quebec. 

OBRM-PROOF    FILTBR 

In  the  March,  1900,  issue  of  Scisngb  and 
Industry  appeared  a  description  of  a  self- 
cleaning  germ-proof  filter  manufactured  by 
The  Metropolitan  Filter  Co.,  97  Washington 
St,  Chicago,  111.  It  is  guaranteed  to  remove 
foreign  matter  from  drinking  water.  Since 
that  article  was  written  we  have  used  one 
of  these  filters  every  day,  as  steadily  as  a 
family  of  eight  can  use  a  filter,  and  we  take 
pleasure  in  stating  that  it  has  furnished 
dear  pure  water  without  fail  all  that  time, 
no  matter  how  muddy  the  common  water 
might  be. 

The  name  of  this  filter  is  ''The  Tyden," 
and  we  feel  justified  in  recommending  its 
use.  Its  construction  is  ingenious  yet 
simple,  and  its  operation  is  such  that  the 
filtering  material  is  kept  dean  by  the  water 
that  is  run  off  at  the  kitchen  sink.  Write 
the  manufacturers  for  their  illustrated  cata- 
logue. It  contains  some  valuable  informa- 
tion and  is  worth  a  place  in  your  library. 

THE  mPROVBD  WILLIS  PLANIMBTBR 

Thb  most  common  application  of  the  indi- 
cator to  a  steam  engine  is  for  the  purpose  of 
estimating  the  power  developed;  it  therefore 
follows  ^t  any  device  for  making  the 
diagrams  more  thoroughly  available  for 
their  purpose  by  reducing  the  labor  involved 
in  "  working  them  up  "  is  second  in  impor- 
tance only  to  the  indicator  itsdf.  In  fkct,  it 
has  come  to  be  a  generally  accepted  prind- 
ple  that  in  order  to  reach  its  fidd  of  greatest 
usefulness  the  indicator  must  be  accom- 
panied by  a  planimeter. 

Of  the  recent  developments  in  this  instru- 
ment, one  of  the  most  interesting  and  useful 
is  the  improved  Willis  planimeter,  made 
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and  Bold  by  James  L.  Robertson  &  Sons, 
197  Falton  Street,  New  York.  The  readings 
of  this  instrament  are  taken  from,  a  trian- 
gular scale  with  gradnations  corresponding 
to  the  scales  of  indicator  springs.  By  this 
scale,  in  combination  with  an  adjustment  for 
setting  the  planimeter  to  the  length  of  the 
card,  the  M.  E.  P.  of  the  diagram  can  be 
read  directly  without  the  necessity  of  ma- 
king any  numerical  calculat  ions.  Much  time 
is  thus  saved  and  the  danger  of  introducing 
errors  is  greatly  reduced. 

In  addition  torits  application  to  finding 
the  M.  £.  P.  of  indicator  diagrams,  this 
planimeter  is  especially  adapted  to  the 
measurement  of  areas  from  drawings  either 
full  sixe  or  to  scale.  By  a  combination  of 
the  different  scales  of  the  instrument  with 
certain  adjustments  of  the  tracing  point, 
areas  fix>m  scale  drawings  can  be  read  dhrectly 
from  the  instrument,  in  either  square  inches, 
square  feet,  or  square  yards. 


BOOK  NOTICB8 


Small  Talk  About  Businkss.  £Ur  A.  £. 
Rice.  A  bankers  business  hints  for  men 
and  women.  Revised  and  enlarved;  128 
pages;  handsome  cloth  binding.  By  maU; 
oO  cents.  Descriptiye  circular  f^.  Fremont 
Publishing  Co.,  Fremont,  Ohio. 

This  book,  as  its  name  indicates,  is  a  talk 
about  businesa— a  banker's  talks  to  men  and 
women  about  common  every-day  business 
affairs.  It  is  brimfiil  of  useful  ideas  for 
both  old  and  young,  and  should  be  on  every 
desk  and  in  every  home. 

Physical  Cdlturb.  By  B.  F.  Johnson; 
1^  pa^;  first  edition.  B.  F.  Johnson 
Publishing  Co.,  Richmond,  Ya.  Price, 
cloth,  25  cents. 

This  is  a  primary  book  on  physical  cul- 
ture and  hygiene  intended  for  use  in  the 
school  and  home.  The  fault  of  most  books 
on  these  subjects  is  that  they  are  too  scien- 
tific for  practical  use.  This  work  is  well 
illustrated,  the  directions  are  very  simple 
and  practical,  and  is  just  what  is  needed. 
The  work  is  fully  illustrated. 

Churches  and  Chapels.  By  F.  £.  Kidder, 
C.  E.,  Ph.  D.,  architect     157  pages  of  text 


matter,  with  120  illustrations  besides  52 
plates  of  half-tone  reproductions  of  photo- 
graphs and  scale  drawings.  Second  edition; 
revised  and  greatly  enlarged.  William  T. 
Comstock,  New  York.    Price  $3.00. 

Mr.  Kidder  could  hardly  have  used  a 
keener  and  more  forceful  paragraph  than 
that  which  he  employs  in  one  of  the  lead- 
ing chapters  of  his  recent  work  when  he 
quotes:  *'The  sin  of  unchristian  building 
is  not  committed  wilfully,  nor  with  joy  that 
so  much  evil  be  perpetrated.  The  error  lies 
not  so  much  in  doing  what  ought  not  to 
be  done  as  in  not  knowing  what  should 
be  done."  WhUe  the  latter  portion  of  this 
quotation  should  certainly  fail  to  apply  to 
the  work  turned  from  the  hands  of  practic- 
ing architects,  the  flMst  yet  remains  that 
nowhere  is  poor  designing  so  evident,  both  in 
plan  and  elevation,  as  in  ehurch  architecture. 
Much  of  the  trouble  is  undoubtedly  due  to 
infiuences  brought  to  bear  for  no  oUier  daas 
of  buildings.  Church  building  committees, 
a  worthy  class  of  men,  but  often  entirely 
ignorant  of  design  and  architectural  con- 
struction, usually  endeavor  to  employ  their 
powers  of  persuasion  to  wean  the  architect 
from  his  better  judgment.  On  the  other 
hand|  the  architect  often  fisuls,  in  his  study 
of  the  subject,  to  consider  the  peculiar  re- 
quirements of  his  denominational  dients,  and 
sometimes,  in  his  efforts  to  create  an  impos- 
ing structure  at  the  low  cost  stipulated  by  the 
church  committee,  produces  an  architectural 
abortion  that  utterly  fails  to  substantiate  the 
old  adage  that  beauty  is  the  handmaid  of 
religion. 

The  book  is  from  the  worthy  pen  of  the 
author  of  '*  Building  Construction  and  Su- 
perintendence,'' and  is  a  work  that  may  weQ 
be  read  by  even  the  best-informed  church 
building  committees.  As  a  note  book  for  the 
architect's  library  it  fills  a  place  that  baa  been 
too  long  vacant.  The  suggestions  for  build- 
ing committees  given  in  the  first  chapter  are 
calculated,  if  followed,  to  save  much  trouble 
and  probably  some  money,  while  the  archi- 
tect may  find  much  that  is  new  in  the 
chapters  on  details  of  construction,  acoustics, 
heating  and  ventilation,  lighting,  church 
bells,  and  tower  clocks. 
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Non.— ^ddms  aU  letters  eorUaiiiing  que$tion»  to  be 
anmaeredinthla  department  to  ScnifCB  and  Imddstbt, 


1.  PuttkU  addren  both  on  the  envelope  and  at  the 
head  qf  the  letter, 

9.  Oniff  queattom  of  general  intereat  to  owr  readere 
wta  be  antwered, 

5.    JVb  queetione  wiB  be  antwered  by  man. 

i.  Dra^Hngeoreketeheaaeeompanytngqueattonethovld 
be  mode  on  a  oeparaie  eheet  qf  paper  ^  and  thovld  be 
drawn  ae  dearly  as  poetible. 

5.  The  natnei  and  addreatee  qf  the  wrUert  mnut 
aeeompany  the  letterty  or  no  attention  wOl  be  paid  to 
them.  IMIem  otherwite  requeated^  we  wflZ  pubUah  only 
the  inttUOa  and  addreaa  qf  the  writer, 

6,  Rtferenoe  to  inqwiiriea  prenUtuAy  anatoered  ahould 
give  date  qfiaaue  and  mmber  qf  queatton. 

7,  Q^eattons  eawnot  be  anawered  in  the  iaaue  qf  the 
month  imtmedilately  following  their  receipt, 

8.  Any  book  not  out  qf  print  aatd  for  aale  by  regular 
dealere  may  be  ordered  through  the  moffoaine, 

P.  We  wOl  not  undertake  to  calculate  windinga  qf 
dynamos  and  motors,  <u  this  involves  conatdenMe  work 
and  is  addom  juat{0ed. 


MECHANICAL 


(607)  (a)  How  oftn  nut  be  removed  ftom  connect- 
ing rodi  and  bright  work  on  engines?  {b)  What 
preparation  Is  nRed  to  bine  gun  barrels,  and  now  Is  It 
applied?   (e\  How  are  patterns  tor  f     ' ' 


elbows  deTeioped?    (d)  How  are  the  patterns  fbr 
eave-trongh  miters  obtained  T 

H.  B.  a,  Broomfleld,  W.  Va. 
Ans.— (a)  Apply  kerosene.  This  will  loosen  the 
nut  somewhat  and  allow  most  of  It  to  be  scraped 
off.  Brighten  again  with  emery  cloth,  (b)  Mix 
together  1  part  of  oorrosiye  mblimate,  16  parts  of 
sweet  spirits  of  niter,  and  16  parts  of  alcohol.  The 
barrel  having  been  finished  with  fine  emery  cloth, 
clean  off  all  grease  by  rubbing  with  wet  lime  and 
finally  with  dry  lime.  To  allow  the  barrel  to  be 
handled  readily,  wooden  handles  are  to  be  driven 
into  the  muisle  and  breech.  Apply  the  mixture 
with  a  soft  doth  or  sponge  and  stand  the  barrel  in  a 
dry,  dark  place.  In  fhmi  12  to  24  hours  a  thick  coat- 
ing of  runt  will  have  formed,  which  is  removed  by 
carding  with  a  file  card.  The  proper  stage  of  rusting 
has  been  reached  when  the  rust  flies  oft  as  soon  as 
the  card  is  applied.  Repeat  again  and  again.  After 
from  6  to  8  coats  have  been  applied,  the  barrel  will 
be  a  deep  brown-black.  Put  it  into  a  trough  and 
pour  boiling  water  over  it.  In  a  few  minutes  the 
barrel  will  turn  blue-black.  Let  it  cool  off  slowly 
and  oil  when  cool,  (e)  The  method  of  obtaining 
elbow  patterns  is  described  in  the  April,  18B9,  Issue 
of  **  The  Mechanic  ArU  Magaslne,"  in  Answers  to 
Inquiries,  No.  85.  (d)  Draw  a  plan  and  an  elevation 
of  the  eave  trough  as  shown,  respectively,  at  (a)  and 
(b)  in  the  figure.  Across  the  plan  draw  the  required 
miter  lineob,  the  angle  of  which  is  determined  by 
bisecting  the  angle  made  by  the  eave-trough  miter. 
Next,  locate  a  number  of  points  on  the  outline  of  the 
eave  trough  in  the  elevation,  as  shown  at  (6)  by  the 
poinu  numbered  i,  f,  5, 4,  etc.    Note  here  that  on 


portions  of  the  outline  where  the  curvature  is  greater, 
the  points  should  be  closer  together.  Now  draw 
projectors  to  the  plan  from  the  points  1,  f,  5.  4,  etc., 
and  extend  them  until  they  Intersect  the  miter  Une 
ab.    The  stretchout  if^  is  next  drawn  at  right 


angles  to  the  projectors,  as  shown  at  (e).  On  this 
line  poinu  i',  r.  5^.  A\  etc.  are  laid  off  with  the 
dividers  at  distances  similar  to  those  in  the  eleva- 
tion at  (6).  Draw  perpendiculars  to  if  ^  through 
r.  r.  $',  U\  etc.  at  (c),  and  finally  parallels  to  ifA' 
ttoim.  the  points  of  intersection  on  the  miter  Hue. 
The  irregular  outline  of  the  pattern  may  then  be 
traced  through  the  drawing  at  (c),  as  shown  in  the 
illoBtration.  That  portion  of  the  pattern  below  the 
irregular  curve  may  be  used  for  the  pattern  of  an 
outside  miter,  and  the  remainder  of  the  development 
for  an  inside  miter.  The  space  w  it  added  to  the 
pattern  to  provide  a  tongue  for  insertion  in  the 
header  rod. 

(508)  (a)  What  Is  the  principle  of  the  hydrocarbon 
oil  bnmer  ?  (b)  Can  you  recommend  a  good  book  on 
metallurgy  ?  U.  A.  M..  New  Orleans,  La. 

Ans.— (a)  Hydrocarbon  oil  burners,  generally 
speaking,  are  composed  of  a  burner  proper  that 
easily  takes  in  a  supply  of  fresh  air,  and  a  heating 
pipe  that  is  so  arranged  in  or  near  the  fiame  that  it 
heats  and  vaporisM  the  oil  befbre  it  reaches  the 
bnmer.  This  converts  the  oil  into  gas,  which,  when 
ignited,  should  bum  with  a  fidrly  steady  flame, 
(d)  For  a  general  introduction  to  the  subject  we 
would  suggest  "An  Introduction  to  the  Study  of 
Metallurgy,"  by  W.  G.  Roberts-Austin,  price  $4.00;  or 
'*  Elements  of  Metallurgy,"  by  J.  A.  PhUllps,  price 
19.00.  Either  may  be  obtained  from  The  Technical 
Supply  Co.,  Scran  ton,  Pa. 

••« 

(509)  ( a)  Please  give  a  formula  for  calculating  the 
diametem  of  the  steps  of  cone  pulleys;  for  example, 
if  we  have  two  cone  pulleys  with  three  steps  each, 
to  be  ptac«d  24  inches  fh>m  center  to  center,  the 


the  diameters  of  the  other  two  steps  on  the  second 
pulley  be  calculated?  (6)  Explain  what  is  a  11"  x 
12''  engine.  W.  a  Q.,  St.  Louis,  Mo. 

Amb  —We  do  not  know  of  a  simple  and  reasonably 
accurate  mathematical  formula  for  calculating  the 
dimensions  of  the  required  steps.  There  are  several 
graphical  methods  of  solving  the  problem,  all  of 
which  would  require  more  space  than  we  can  spare 
here.    A  very  satisfactory  method  of  solution  is  tlie 
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tabular  method  to  be  found  in  Kleln'i  "Elements  of 
Machine  Design."  By  this  method  the  diameters  of 
the  required  steps  are  calculated  from  simple  for- 
mulas in  conjunction  with  tables  of  values  that 
correspond  with  the  range  of  conditions  usually 
found  in  practice.  The  prloe  of  the  book  is  S6.00,  and 
it  may  be  obtained  from  The  Technical  Supply  Co., 
Scranton,  Fa.  (b)  By  the  expression  "a  71''  X  I2f' 
engine"  is  meant  an  engine  having  a  cylinder 
diameter  of  7^  inches  and  a  stroke  of  12  inches. 

*** 

(510)  Please  point  out  the  defects  of  the  accom- 
panying indicator  diagrams  and  explain  how  to 
remedy  them;  also  calculate  the  horsepower.  The 
diagrams  were  taken  from  a  26  X  00  Harris-Corliss 
en^e,  running  67  revolutions  per  minute.  Boiler 
pressure,  90  pounds;  vacuum  gauge,  22  Inches;  scale 
of  indicator  spring,  40.    H. W.,  May's  Landing,  N.  J. 

Ans.— The  most  prominent  defects  are  the  late 
admission  of  the  crank  end  and  late  release  of  both 
ends.  Compression  might  also  be  increased,  with  a 
probable  improvement  in  the  operation  of  the  engine; 
this,  however,  can  best  be  determined  by  observing 
the  action  of  the  engine;  if  it  runs  quietly  with  com- 
pression increased,  the  change  would  be  beneficial. 

Ho^is  Oottba  Cnfht 
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These  defeete  can  probably  best  be  remedied  by 
increasing  the  angle  of  advance  in  the  eccentric  so 
as  to  give  the  exhaust  valves  and  the  crank-end 
steam  valve  more  head,  then  adjust  the  bead-end 
steam  valve  rod  so  as  to  keep  its  lead  about  the  same 
as  at  present  Measured  with  a  planimeter,  the  mean 
effective  pressure  of  the  head  and  crank  ends  are 
found  to  be,  respectively,  89.06  and  88.86  pounds  per 
square  inch;  under  the  conditions  named,  this  corre- 
sponds to  a  total  indicated  horsepower  of  nearly  420. 

♦** 

(511)  In  the  article  "  Furnaces  and  Firing,"  in 
your  October  number,  you  speak  of  the  "  coking  sys- 
tem "  of  firing,  (a)  What  is  this  system,  and  how  is 
it  acoompllshed  T  (b)  What  causes  the  fire  in  a  loco- 
motive firebox  to  bom  more  at  the  front  end  than  at 
the  back  T  J.  P.,  AnUgo,  Wis. 

Ans.— (a)  The  ooklng  system  of  firing  consists  in 
putting  the  fresh  fhel  on  the  front  part  of  the  grate 
(1.  e.,  Just  inside  the  door),  and  letting  it  stay  there 
until  the  gases  have  been  distilled  offt  in  other 
words,  until  the  coal  has  been  converted  into  cokt. 
It  is  then  pushed  along  and  spread  out  over  the  back 
part  of  the  grate,  and  more  fresh  ftiel  added  in  its 
place.  By  doing  this,  the  gases  that  arise  from  the 
new  charge  have  to  pass  over  a  considerable  extent 
of  Incandescent  fhel,  and  are  thus  more  thoroughly 
consumed  than  they  could  otherwise  be.  The  same 
method  can  also  t>e  employed  in  locomotive  work, 
the  fuel  being  put  on  the  "  back  "  part  of  the  grate 
(as  the  part  next  the  door  is  termed  in  locomotive 
parlance);  and  then  when  coked— i.  e..  deprived  of 
its  volatile  matter— it  is  pushed  forward  and  spread 
out  as  before.  The  gases  that  arise  from  the  new 
ftiel  mix  with  the  air  coming  in  through  the  door, 
thus  forming  the  combination  necessary  for  combus- 
tion. When,  instead  of  doing  as  above,  tbe  fresh 
coal  is  distributed  all  over  the  grate,  the  gases  ari- 


sing from  the  coal  near  the  tube  sheet  pass  out  of  the 
tubes  immediately,  and  thus  cause  a  waste  of  heating 
power.  Of  course,  where  a  brick  arch  is  used,  the 
case  is  different,  for  all  the  gases  arising  from  the 
coal  at  the  front  end  of  the  box— 1.  e.,  against  tube 
sheet— have  to  come  back  toward  the  door  and  then 
return  along  the  top  of  the  arch  before  reaching  the 
tubes,  and  this  arch,  being  maintained  at  a  very 
high  temperature,  aids  materially  in  bringing  aboata 
complete  combustion  of  the  gases,  (b)  The  steam 
escaping  from  the  exhaust  nossle  creates  a  partial 
vacuum  in  the  smokebox,  causing  a  rush  of  air  and 
gases  through  the  tubes.  To  supply  their  place,  air 
comes  in  through  the  grates— supposing  the  fire-door 
to  be  tight  shut;  that  coming  in  through  the  front 
part  of  the  grate  naturally  passes  up  through  the 
lower  tubes,  which  are  the  first  place  of  exit  encoun- 
tered, and  that  coming  through  the  back  part  goes 
up  and  along  the  length  of  the  box  and  so  into  the 
upper  tubes;  air  coming  through  the  middle  portion 
of  the  grate  goes  into  the  middle  rows  of  tubes.  In 
each  case  we  suppose  all  the  tubes  to  be  dear,  of 
course.  Now,  If  the  exhaust  nossle  is  set  high  up  In 
the  smokebox,  it  will  create  the  strongest  draft 
through  the  upper  tubes;  if  low  down,  through  the 
lower  tubes.  The  result  in  the  two  cases  is  a  stronger 
draft  through  the  back  and  front  parts  of  grate, 
respectively.  A  draft  appliance,  however,  is  always 
provided,  by  which  the  pull  of  the  '*  blast "  may  be 
more  or  less  equalised  throughout  the  various  rowi 
of  tubes.  This  appliance  is  either  in  the  form  of  a 
defiector  plate  or  else  a  petticoat  i^pe.  If  a  deflector 
(called  also  a  diaphragm  or  draft  sheet)  is  In  use,  and 
the  fire  is  found  to  born  most  at  the  back  end  (1.  e., 
under  the  door).  It  shows  that  the  deflector  has  been 
dropped  too  low,  thereby  choking  off  the  draft 
through  the  upper  tubes  and  causing  the  fire  to  bum 
dull  at  the  place  mentioned.  If  a  petticoat  is  the 
appliance  in  use,  a  dull  Are  under  the  door  is  a  sign 
that  the  pipe  is  too  high,  thus  cramping  the  outlet 
for  the  escaping  gases  between  the  top  of  the  exhaust 
pipe  and  the  base  of  the  stack. 


(512)  I  have  a  battery  of  two  horlsontal  tubular 
boilers  with  the  steam  main  and  feed-pipe  connected 
up  in  the  following  manner:  From  a  steam  dome  on 
each  boiler  a  branch  pipe  is  run  to  the  main,  the 
branch  fh>m  the  first  boiler  Joining  the  main  line  by 
means  of  an  L  and  that  ttom.  the  second  tqr  a  T. 
Bach  branch  is  provided  with  a  stop-valTe  and,  in 
addition,  there  is  a  stop-valve  in  the  main  near  the 
connection  of  the  second  branch.  There  is  a  re- 
ducing Valve  in  the  main  Just  beyond  the  main 
stop-valve.  The  main  feed-pipe  connecta  to  each 
boiler  through  a  branch  that  enters  tha  blow-oir 
pipe,  the  latter  being  connected  to  the  lower  side  of 
the  shell  at  the  rear  end,  in  the  usual  manner,  fiseh 
branch  of  the  feed  Is  provided  with  a  stop-valve  but 
no  check-valve.  The  main  is  provided  with  a 
check-valve  near  the  cross-fitting  l^  means  of  whleh 
it  is  connected  to  the  two  branches,  and  this  is  the 
only  check  between  the  pump  and  the  two  boilera 
I  have  run  this  plant  for  the  last  two  years  and  it 
has  given  me  no  trouble.  I  think  It  is  better  to  bare 
only  the  check  on  the  main  feed  pipe  and  no  check 
on  the  branches,  since  by  this  arrangement  it  is  not 
necessary  to  watch  the  water  level  in  both  boilers. 


Please  give  me  your  opinion  of  this  arrangement  of 
piping.  R.  K.,  Missoula,  Montana. 

Akb.— From  your  description  the  arrangement  of 
the  steam  piping  is  satisfisotory.  F6r  the  feed  piping, 
however,  we  would  strongly  advise  the  use  of  a 
eheck-valve  in  addition  to  the  stop-valve  on  the 
branch  to  each  boiler.  Place  the  stop-valve  next 
to  the  boiler,  so  that  the  check  can  be  examined  or 
repaired  wlthotit  emptying  the  boiler.  With  the 
arrangement  you  now  have,  if  thestop-valveinonsof 
the  branch  pipes  should  acddently  beleft  olosed.  or 
if  one  of  the  branches  should  become  clogged  snd 
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joo  were  depending  wholly  on  the  water  gftuge  of 
the  other  boiler  to  determine  the  water  level  for  the 
two  boilers,  the  water  in  the  boiler  haying  the 
ologged  pipe  would  get  low  and  remit  either  in  an 
explofelon  or  the  ruin  of  the  boiler.  In  any  battery 
of  bollerB,  no  matter  how  many  there  axe  in  the 
battery,  the  feed  branch  to  each  boiler  ihonld  have 
ita  own  stop-  and  check-yalves,  and  the  water  level 
should  be  regulated  for  each  boiler  by  Itself.  Instead 
of  connecting  the  feed  pipes  to  the  blow-oflT,  we 
would  prefer  to  introduce  the  feedwater  into  the 
boiler  through  the  ftont  head  a  short  distance 
below  the  water  level,  and  carry  the  feed  pipe  back 
horisontally  to  a  point  about  one-third  of  the  length 
of  the  boiler  from  the  back  head. 

«% 

{51S)  Will  yon  please  show  me  how  to  make  the 
layout  on  the  flat  sheet  of  the  intersecting  smoke 
connection  A  on  the  accompanying  drawing? 

P.  jTh.,  Silver  Cliff.  Colo. 

Anb.— The  sketch  referred  to  b^  the  correspondent 
is  reproduced  at  (a)  and  (b),  an  end  view  and  a 


bronse,  plain  bronze,  bronae  mixed  with  nickel,  and 
nickel  mixed  with  cast  iron  ?  id)  What  is  the  great- 
est pressure  of  acetylene  that  the  underwriters  will 
allow?   (6)  Can  air  be  saft-ly  pumped  in  with  acetyl- 


ene gas  and  used  for  a  tinners  torch  flame?  {'/) 
Can  acetylene  gas  be  used  for  driving  a  sas  engine? 
If  so,  what  are  the  requirements  needed,  and  what 


Hi|r^^ 


plan,  respectively,  of  the  desired  connection.  Draw 
the  vertical  center  line  through  the  projection 
drawings,  in  order  that  symmetrical  halves  may 
first  be  designated.  Next,  locate  a  number  of  points 
at  regular  intervals  on  the  curved  portion  of  the 
edge  view  of  the  stack,  as  f ,  5,  A,  .  .  .  if,  and  fix 
other  points  on  the  same  profile  at  the  intersections  of 
the  center  line.  The  stretchout  MN  is  then  drawn 
in  the  position  shown  at  (e),  and  points  i  to  25 
set  off  thereon  with  dividers.  Through  these  points 
perpendiculars  to  MNttre  next  drawn  in  view  at  (c), 
and  corresponding  projectors  are  also  drawn  between 
the  two  views  (a)  and  (6).  From  the  lower  inter- 
sections in  the  view  at  (a)  parallels  to  Jf^  are 
finally  drawn  to  (e),  when  the  irregularly  curved 
outline  of  the  layout  li  next  defined  as  shown  in  the 
Illustration.  The  pattern  for  the  opening  in  the 
smokebox  is  not  shown,  since  a  similar  process 
applied  to  the  upper  view  (b)  will  give  the  required 
pattern. 

••• 

(514)    (a)  Makers  of  sprinkling  acetylene-gas  gen- 
erators claim  that  carbide  dropped  Into  large  quan- 


tities of  water  loses  at  least  20  per  cent,  of  the  gas. 
On  the  other  hand,  makers  of  plunge  or  ^op 
machines  claim  that  sprinkling  makes  an  undesi- 


rable quality  of  gas.  Which  is  r^ht,  if  either?  (b)I 
have  a  frame  of  cast  iron  weighing  80  pounds.  How 
can  I  coat  this  frame  wlthl>locic  tin?  (c)  What 
efltet  does  salt  water  have  on  aluminum  phosphor 


would  be  the  cost  compared  with  the  city  gas?  ig) 
If  acetylene  is  stored  for  80  or  60  days  will  it  oon- 
denfe:  if  so,  how  much?  (A)  Describe  a  burner  for 
acetylene  gas  that  J  can  use  for  meMng  one  pound 
of  Babbitt  metal.  O.  H.  K.,  Cleveland,  Ohio. 

Ams.— (a)  Both,  to  a  certain  extent,  are  correct; 
but  the  percentage  depends  considerably  on  the 
volume  of  water  into  which  the  carbide  drops;  and 
the  impurity  of  the  gas  by  the  sprinkling  process 
depends  ooneiderably  on  the  style  of  machine  and 
how  the  gas  is  taken  flrom  the  generator.  (6) 
Thoroughly  glean  the  iron  by  pickling  in  a  dilute 
sulphuric  acid  (1  to  20  of  water)  scouring  with  sand, 
if  necessary.  Then  boil  the  iron  In  a  concentrated 
solution  of  stannate  of  soda,  with  a  quantity  of 
granulated  tin.  (c)  These  alloys  are  not  affected  by 
salt  water,  (d)  For  apparatus  requiring  pressure 
regulators,  the  gas  pressure  must  not  exceed  8  lb.  to 
the  square  inch;  but  for  apparatus  that  do  not 
require  regulators,  the  pressure  must  not  exceed 
8  inches  of  water  column,  (e)  No;  the  burner  should 
be  constracted  to  take  its  air  from  the  atmosphere, 
at  the  point  where  the  gas  is  consumed.  If  air 
and  gas  are  mixed  together  in  the 
chamber,  there  is  liability  of  explo- 
sion. (/)  Send  for  The  Acetylene 
Motor  Number  of  the  "Horseless 
Age,"  published  June  20,  1900,  by 
B.  P.  Ingersoll,  Nassau  and  Spruce 
Streets,  New  York.  Price,  10  cents. 
(g)  No.  (h)  Use  a  common  Bunsen 
burner,  and  restrict  the  gas  aperture 
or  enlarge  the  air  holes  until  you  get  the  proper 
ratio  of  gas  and  air. 

» 
*  * 

(515)  (a)  Please  inform  me  about  how  much  coal 
oil  can  be  used  in  a  boiler  of  80  horsepower  without 
danger  of  foaming.  I  am  under  the  impression  that 
the  oil  evaporates  soon  after  entering  the  boiler  and 
would  not  cause  foaming  If  pumped  in  with  the 
water  a  little  at  a  time,  say  7  or  8  times  a  day.  (b) 
Please  state  whether  sine  will  cause  foaming  or  in 
any  way  Injure  a  boiler  if  used  to  any  extf>nt  to 
prevent  corrovion.     G.  A.  B.,  San  Bernardino,  Cal. 

Ams.— (a)  Just  how  much  oil  will  cause  foaming  is 
a  matter  of  experiment.  Reasoning  from  expe- 
rience, we  think  that  you  may  use  as  much  as  a  pint 
a  day  without  any  danger.  Instead  of  Introducing 
it  at  stated  intervals,  it  U  considered  better  to  feed  it 
steadily  throughout  the  day.  Special  lubricators  for 
this  are  in  the  market,  (b)  We  have  never  heard  of 
sine  causing  foaming,  and  cannot  imagine  any  oon- 
ditlons  under  which  foaming  could  be  induced  by 
it.  Neither  have  we  heard  of  any  case  where  sine 
has  proved  injurious  to  the  boiler. 

(516)  (a)  What  kind*o^ steel  are  railroad  rails 
made  of?  (5)  How  are  they  reworked  after  they 
have  been  worn  out?  (c)  Please  explain  how  large 
pieces  of  wrought  and  vteel  scrap  are  reworked,  (a) 
I  notice  that  most  railroad  iron  forges  badly  and 
will  not  weld;  is  it  purposely  made  that  way,  or  is  it 
a  low  grade  of  steel?  (e)  Can  glass  be  poured  into 
molds  in  the  same  manner  as  lead  and  similar 
materials,  and  so  be  cast  into  any  desired  form  ? 

S.  T.,  Houston,  Texas. 
Ans.— (a)  Railroad  rails  are  made  iVom  a  special 
grade  of  steel  that  is  usually  made  by  the  Bessemer 
process.  Thesteel  is  purposely  given  a  oomparatlvely 
high  percentage  of  such  hardening  elements  as  car- 
bon and  manganese,  so  that  the  rails  will  be  hard 
enough  to  wear  well.  On  account  of  the  high  percent- 
age of  these  elements  the  steel  does  not  work  readily 
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In  the  forge,  and  can  be  welded  only  with  the  great- 
est difficulty,  (b)  The  utaal  method  of  reworking  old 
rail!  is  to  remelt  them  together  with  the  other  mate- 
rials fh>m  which  new  steel  is  being  made.  In  some 
cases  large  sizes  of  old  rails  have  been  reheated  and 
rolled  down  into  smaller  sizes,  (e)  The  most  com- 
mon method  of  reworking  large  pieces  of  either 
wrought  or  steel  scrap  is  to  remelt  them  in  combina- 
tion with  other  materials  that  are  used  in  the  mann- 
focture  of  new  steel,  (d)  See  answer  to  (a),  (e) 
Glass  can  be  poured  into  molds  and  so  be  cast  into 
yarions  forms,  but,  on  account  of  its  yisoosity  or  the 
difficulty  of  making  it  fluid  enough  so  that  it  will 
run  freely,  it  cannot  be  made  to  fill  delicate  patterns 
in  a  mold  as  readily  as  most  metals. 


(617)  (a)  What  is  meant  when  speaking  of  an 
eighteen  or  twenty  gauge  saw?  Does  it  mean  that 
the  saw  is  the  eighteenth  or  twentieth  part  of  an 
inch  thick?  (6)  Can  you  give  me  a  recipe  for  a 
belt  dressing  to  prevent  a  belt  from  sllppmg?  (e) 
Can  you  give  me  a  system  of  putting  a  tightener  on  a 
mule?  id)  Do  you  know  of  i^ny  way  of  making  a 
bushing  for  a  mule  that  will  not  heat?  We  use  the 
ordinary  plain  straight  bushings  at  present,  (e) 
Docs  it  make  any  difference,  as  far  as  good  work- 
ing of  a  mule  is  concerned,  whether  the  pulleys 
are  not  the  same  diameter?  In  this  case  they  are 
86  and  80  inches  in  diameter  for  an  18  by  12  mule. 
R.  W.  D.,  Montreal,  Can. 

Am.— (a)  It  means  that  the  thickness  of  the  saw 
is  such  as  to  Just  fit  a  slot  marked  number  18  in  an 
arbitrarily  selected  gauge  that  has  been  commonly 
adopted  by  the  trade,  (b)  The  best  belt  dressing  we 
know  of  is  castor  oil.  (c,  d,  and  e)  Since  we  are  not 
familiar  with  the  machine  you  mention,  we  cannot 
adyise  you  intelligently. 


(518)  Suppose  that  the  engine,  when  working 
full  speed  ahead,  will  drive  a  steamer  through  still 
water  at  the  rate  of  10  miles  an 
hour.  Now,  let  this  steamer  be 
steaming  up  a  river  against  a 
current  running  at  the  rate  of  4 
miles  an  hour,  the  water  being 
Aresh  in  both  cases.  Will  the 
steamer  move  through  the  water 
at  the  same  speed  in  the  current  Pattem/t 

that  it  does  in  still  water  ? 

S.  W.,  Montreal,  Quebec,  Can. 

AN8.—The  tteamer  will  move  through  the  water  at 
the  same  speed  in  both  cases.  This  does  not  mean, 
however,  by  any  means,  that  its  progress  up  the  river 
against  a  current  will  be  as  fast  as  in  stUl  water. 
When  it  advances  10  miles  in  one  hour  in  still  water, 
it  will,  when  steaming  against  a  4-mile  current,  ad- 
vance 10  —  4  =  6  miles  in  one  hour,  and  when  going 
with  the  current,  advance  10  +  4  =  14  miles  in  one 
hour. 


(519)  Can  you  suggest  any  material  suitable  for 
making  a  tube  thai  will  withstand  the  action  of 
slightly  add  copper  water?  Phosphor  bronze  has 
been  suggested.    Can  tubes  be  made  ft-om  thin  alloy  ? 

E ,  Batto,  Mont. 

Amb.— A  compound  that  has  been  found  very  suc- 
cessful at  Butte  for  the  water  ends  of  mine  pumps 
and  for  column  pipes,  etc.,  is  oompmed  of  M.T?^  of 
copper,  14  91)(  of  tin,  and  .82  of  antimony.  The 
Eynon-Evans  Manufacturing  Co.,  of  Philadelphia, 
manufacture  an  acid-resisting  compound  for  casting 
purposes  with  a  composition  similar  to  the  above, 
but  neither  of  these  can  be  drawn  into  tubes.  Phos- 
phor bronze  would  not  be  suitable  for  condenser 
tubes  if  the  water  were  highly  acid,  though  it  prob- 
ably would  be  better  than  almost  any  other  com- 
pound. We  think  tubes  made  of  solid  block  tin 
would  be  the  most  satisfactory  for  this  use,  as  tin 


is  unaffiBCted  by  almost  all  adds.  The  greatest  olqec- 
tion  to  tin  is  the  fact  that  the  metal  is  rather  soft, 
and  the  tubes  would  therefore  be  liable  to  sag. 

•*. 

(520)  What  is  the  BarfT  process  that  is  used  in 
England  to  produce  *'  rustless  "  iron  ?  The  prepara- 
tion that  is  applied  will  wear  for  some  time,  and 
diflTers  fk-om  *'  anti-rust "  inasmuch  as  it  cannot  be 
rubbed  oif  Can  you  tell  me  where  it  can  be  pro- 
cured, and  whether  or  not  it  is  worked  in  with  the 
iron  ?  W.  P.  T.,  Warren,  R.  I. 

AiiB.-~The  Barff  process  of  artificially  coating  the 
iron  with  a  film  of  magnetic  oxide  is  a  patented  one 
and,  we  have  understood,  is  conducted  as  follows: 
The  iron  is  heated  to  redness  and  then  has  steam 
passed  over  it.  The  iron  decomposes  the  steam  and 
sets  f^ee  the  oxygen,  whioh  forthwith  attacks  the 
metal,  forming  on  its  surface  a  film  of  magnetic  or 
black  oxide;  this  coating  preserves  the  iron  there- 
after against  moisture,  etc. 

«»» 

(521)  What  is  the  method  of  developing  patterns 
for  elliptical  elbows  of  any  given  size? 

B.  E.  McF..  Steubenvllle,  Ohio. 
Amb.— Since  our  correspondent  gives  no  further 
spedflcations  or  particulars  than  as  above  noted,  we 
have  assumed,  for  purpose  of  exemplification,  a 
three-pieced  elliptical  elbow  turned  in  the  direction 
of  its  minor  axis.  The  plan  and  the  elevation  are 
first  drawn  as  in  tha  accompanying  sketch.  The  out- 
line of  the  ellipse  in  the  plan  is  next  divided  by 
spadng  into  any  convenient  number  of  equal  parts, 
and  f^om  each  of  the  points  thus  located  projectors 
are  dfitwn  to  the  elevation  in  the  manner  shown. 
Next,  a  stretchout  for  the  pattern  is  laid  off  along 
the  line  MN in  (a)  at  right  angles  to  the  projectors, 
and  through  each  point  of  division  thereon  lines 


parallel  to  the  projectors 
are  drawn.  Developers 
parallel  to  MN  are  finally 
drawn  fkom  the  elevation 
to  the  view  at  (a),  after 
which  the  irregularly 
curved  outline  of  the  pat- 
tern may  be  traced  through 
the  points  of  intersection, 
as  shown  in  the  drawing  at  (a).  The  development 
of  the  necessary  patterns  is  thus  shown  to  be  aeoom> 
pushed  in  a  manner  dosely  resembling  that  uaed 
for  the  ordinary  elbow  in  round  pipe.  For  a  more 
extended  description  of  the  procea,  the  oorre- 
spondent  is  referred  to  the  answer  to  question  No.  86, 
in  the  April,  1899,  issue  of  "The  Mechanic  Arts 
Magazine." 

»♦• 

(522)  (a)  In  a  high-duty  pumping  engine  in  fkirly 
ffood  condition,  what  percentage  of  the  plunger 
oisplacement  is  discharged  per  stroke?  (6)  DoeaUie 
percentage  of  discharge  vary  with  the  speed  of  the 
engine  ?  (c)  What  is  the  most  effldent  piston  speed 
for  ordinary  conditions? 

W.  K.,  Great  Falls,  Mont. 

Ans.— (a)  From  90  to  95  per  cent,  (b)  If  the  speed 
does  not  vary  too  much  flrom  standard  nmning  con* 
ditions  the  percentage  of  discharge  should  not  vary 
to  any  great  extent,    (c)  The  most  effldent  piston 
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ipeed  dependi  on  tbe  lUe  and  design  of  the  punp 
and  the  proportious  of  Buotldn  and  dlBCharge  pipei. 
In  general,  it  may  be  said  that  tbe  piston  speed 
shonld  be  as  high  as  possible  without  producing 
water-hammer.  For  ordinary  conditions,  the  limit 
Is  generally  placed  at  100  feet  per  minute,  but  this 
Is  sometimes  exceeded  and  a  speed  as  high  as 
2S0  feet  per  minute  has  been  attained  with  satisfac- 
tory results. 

♦*♦ 

(528)  In  maUng  alterations  In  my  plant,  would 
it  be  of  any  advantage  to  use  the  gases  from  the 
chimney  to  supply  to  the  boiler  fUrnace  as  draft? 
In  other  words,  would  It  do  to  connect  the  suction 
end  of  the  fan  that  suppliei  draft  for  the  furnace 
to  the  chimney?  wl  R.  H.,  Philadelphia,  Pa. 

Arb.— It  would  be  a  most  decided  disadvantage  to 
draw  the  gases  from  the  chimney  and  blow  them 
into  the  ftimace.  A  satisfactory  statement  of  the 
reasons  for  this  would  take  more  space  than  can  be 
spared  in  these  columns;  we  think,  however,  that  a 
study  of  some  of  the  articles  on  firing  and  the  com- 
bustion of  fuels  that  have  appeared  in  different 
issues  of  this  magazine  will  help  you  to  understand 
this  subject 


Q 


ELECTRICAL 


(524)  I  would  like  to  know  of  a  good  book  for 
instructing  a  man  running  an  electric  mine  locomo- 
tive, in  the  principles  and  care  of  the  machine.  The 
book  should  be  suitable  for  one  of  poor  education 
and  practically  no  technical  knowledge. 

F.  R.  R.,  Nuttallburg.  W.  Va. 
Akb.— We  do  not  know  of  any  book  of  the  kind  you 
mention  that  relates  specially  to  mining  locomotives, 
but  you  will  find  a  great  deal  of  useftil  Information 
in  Crocker  and  Wheeler's  "  Practical  Management 
of  Dynamos  and  Motors,"  price  91.50,  which  gives 
general  directions  for  the  handling  of  electrical 
machinery.  "The  Motorman's  Guide,"  by  Gayetty, 
price  75  cents,3Klves  information  relating  to  railway 
motors  and  controllers.  Either  of  the  above  works 
may  be  obtained  ftom  The  Technical  Supply  Go., 
Scranton,  Pa. 

* 
*  * 

(525)  Please  be  kind  enough  to  ftimlih  me  with 
the  following  desired  information  on  lightning  pro- 
tection, (a)  CtLJi  a  No.  0  B.  &  B.  copper  wire  be  used 
as  a  lightning  rod?  (5)  How  shouldit  be  grounded? 
(e)  What  should  the  points  be  made  of?  Jd)  Where 
can  good  points  be  bought?    W.  E.  W.,  Salem,  Va. 

AN8.~(a)  Yes;  No.  0  copper  will  make  a  very  good 
rod,  but  No.  0  stranded  copper  cable  would  be  prefer- 
able, as  it  is  much  easier  to  put  up.  (5)  Dig  a  hole 
about  4  feet  square,  and  dig  it  deep  enough  to  be  sure 
that  the  earth  will  always  be  moist  at  the  bottom. 
Lay  a  layer  of  coke  or  charcoal  about  4  inches  thick 
on  the  bottom,  and  on  the  top  of  this  place  a  copper 
plate  about  3  feet  square.  Solder  the  rod  or  cable 
across  the  whole  width  of  the  plate  and  place  on  top 
a  6-inch  layer  of  coke  or  charcoal,  using  water  to 
settle;  then  fill  up  the  remainder  of  the  hole  with 
earth.  Run  your  lightning  rod  as  straight  as  possible, 
and  make  only  such  turns  or  bends  as  are  absolutely 
necessary,  (c)  The  points  are  usually  made  of  cop- 
per. A  straight  copper  rod  drawn  down  to  a  point 
answers  well.  Sometimes  the  points  are  plated,  to 
prevent  corrosion;  this  is  desirable  but  not  absolutely 
necessary,  (d)  You  can  obtain  this  material  from 
E.  G.  Washbume  <&  Go..  46  Cortlandt  St.,  New  York 
City. 


(526)  (a)  Kindly  tell  me  where  I  can  obtain  a  book 
entitled  "The  Electric  Automobile."  by  C.  £.  Woods. 
(5)  CtkU  a  storage  battery  be  used  to  run  a  i-horse- 
power  motor,  and  what  would  the  expense  be? 

A.  J.  M..  Arbutus,  W.  Va. 
An8.— (a)  You  can  obtain  this  book  ftom  The  Tech- 
nical Supply  Co.,  Scranton,  Pa.,  price  $1.25.  (6)  Yes; 
a  directKJurrent  motor  may  be  easily  operated  by 
means  of  a  storage  battery.  The  first  cost  of  the  bat- 
tery will  depend  upon  Its  capacity,  and  this  In  turn 
will  depend  upon  the  length  of  time  you  wish  it  to 
run  the  motor  without  recharging.  The  cost  of  opm- 
tion  will,  of  course,  depend  largely  upon  what  you 
have  to  pay  for  the  charging  current.  As  you  have 
given  no  data  regarding  either  of  the  above  items.  It 
is  impossible  for  us  to  give  any  figures  as  to  the  cost 
and  operating  expense.  The  Electric  Storage  Battery 
Co.,  Philadelphia:  or  Sipe  &  Sigler,  (Heveland,  Ohio, 
could  Inform  you  as  to  the  cost  of  a  battery,  if  you 
give  them  full  information  ^regarding  the  capacity 
required. 

* 
«  « 

(527)  I  have  a  solenoid  core  and  spool  of  a  mag- 
netic brake  that  I  wish  to  wind  with  No.  12  B.  <&  6. 
double  cotton-covered  wire.  Kindly  figure  out  the 
number  of  feet  required  to  wind 
the  spool  shown  in  the  accom- 
panying sketch,  or  give  a  formula 
for  obtaining  the  length. 

P.  A.,  Hoboken,  N.  J. 
AH8.-^We  will  allow  A"  insula- 
tion on  the  core  and  i''  at  each 
end.  The  length  of  the  winding 
space  will  then  be  7^  -  i  =  U". 
The  depth  of  the  winding  space 

will  bel{2i-(lA  +  i)}  =lr 
=  .656"'.  No.  12  double  cotton- 
covered  wire  will  have  an  out- 
side diameter  of  about  .095",  hence 
the  number  of  turns  per  layer  will 

7  25 
be-;^^  =  76,  nearly.  The  number 


.095 


.656 


of  layers  will  be  *^  =  7,  nearly. 
.wo 

The  total  number  of  turns  will 

then   be  76  X   7    =  582.      The  i s r 

inside  diameter  of  the  winding  ^ ^fi H 

wm  be  1 A  +  J  =  lA".     The 
outside  diameter  is  2|",  hence  the  average  diam- 
eter of  a  turn  is  4(1/,  +  2|)  =  ^",    The  average 


length  of  a  turn  In  feet  will  then  be 


3.1416  X  67 
tXl2 


and 


the  total  number  of  feet  required  to  wind  the  spool 
^„^8.Ml6^xw^X««_^,g    A.  the  thlckne- 

Of  the  Insulation  on  the  wire  may  vary  somewhat.  It 
will  be  well  to  figure  on  at  least  800  feet.  The  diam- 
eter of  the  double  cotton -covered  wire  may.  for 
example,  be  as  low  as  .091"  Instead  of  .095"  taken 
above. 


(a)  Can  a  spark  coll  give  a  current  for  med- 
ical use,  the  same  as  an  induction  coil?  Please  give 
any  changes  that  have  to  or  can  be  made.  (5)  Can 
battery  incandescent  lamps  be  lighted  by  simply 
attaching  them  to  the  wires  from  the  batteries? 

W.  E.  K.,  Detroit,  Mich. 
Ans.— (a)  You  do  not  state  what  kind  of  spark  coil 
this  is,  whether  a  Jump-spark  coil  with  a  vibrator, 
or  a  simple  spark  coil  consisting  of  a  single  coil  of 
wire  wound  on  an  iron  core.  If  it  is  the  former 
kind,  it  can  be  used  as  tt  medical  coil,  though  it 
might  be  rather  powerful  for  this  purix>6e.  If  it  is 
too  strong,  you  can  put  a  resistance  in  the  primary 
circuit  or  remove  some  of  the  turns  from  the  second- 
ary. A  medical  coil  should  be  provided  with  a 
well  made  vibrator.    If  tbe  coil  consists  of  a  single 


Digitized  by 


Qoo^^ 


642 


ANSWERS  TO  INQUIRIES 


ooU  of  wire  wound  on  ui  iron  oore,  It  is  not  of  much 
nae  m  a  medical  ooll.  Yon  oonld  get  an  induced 
current  fix>m  it  by  proTldlng  It  with  an  interrupter 
In  leriei  with  the  coil  and  the  battery,  and  connect- 
ing the  electrodee  aoroM  the  terminali  of  the  ooll. 
For  Mtlifactory  work,  however,  there  should  be  two 
colls,  a  primary  connected  to  the  battery  through  a 
Tlbrator.  and  a  secondary  wound  oyer  the  primary 
and  connected  to  the  electrodes.  (6)  Yes,  If  the  bat- 
tery gives  just  the  voltage  for  which  the  lamp  is 
dedgned.  If  the  voltage  of  the  battery  Is  higher 
than  that  of  the  lamp,  you  must  Insert  a  resistance  in 
series,  otherwise  the  lamp  will  be  burnt  out. 

•*« 

(629)  I  have  a  motor-dynamo  set  that  I  have  tried 
to  run.  It  consists  of  one  Towle  Un  motor  (3-ft. 
blades)  dinnantled,  with  9^'  x  li"  pulley.  It  U 
series  connected  and  runs  on  a  110-volt  lighting  dr^ 
enit;  it  has  4  field  colls  of  about  720  turns  each. 
No.  M;  the  armature  is  4h  inches  in  diameter  and  has 
a  2i-indb  face.  12  slots,  no.  28  wire.  This  machine 
drives  an  Bldrldge  electroplating  dynamo,  rated  at 
6  volts,  12  amperes,  speed  2,200.  This  machine  has 
one  field  coll  of  coarse  wire.  The  armature,  2|  inches 
in  diameter  and  4-inoh  face.  Is  driven  by  a  2i-inch 
pulley.  The  above  motor  will  give  a  dynamo  output 
of  but  2  volts  and  6  amperes.  Connected  in  shunt, 
it  does  a  liUle  better,  but  the  fields  heat  almost 
instantly.  Can  you  suggest  a  field  winding  that 
would  give  the  required;  power  and  speed,  or  make 
any  other  suggestion  that  will  help  matters? 

Q.  E.  M.,  Cumberland,  Md. 

Arb.— The  trouble  is  no  doubt  due  to  the  motor  not 
having  power  enough.  According  to  the  figures  you 
give,  the  motor  must  be  running  about  620  rev.  per 
mln.— a  very  low  speed  for  a  machine  of  this  sise. 
These  ceillng-Cui  motors  are  wound  for  such  a  low 
speed  that  they  axe  not  efficient  and  are  incapable  of 
developing  much  power.  Your  best  plan  will  be  to 
rewind  the  armature  with  a  larger  wire  and  put  on 
less  tuma  If  you  use  No.  24  instead  of  the  No.  28 
now  on  the  motor,  you  will  get  on  about  one-third 
as  many  turns  and  your  motor  will  run  about  three 
times  as  fMt,  thus  giving  you  a  great  deal  more 
power.  If  you  wish  to  run  the  machine  as  a  series 
motor  It  will  be  sufficient  to  change  the  field  by  con- 
necting the  colls  In  pairs  and  putting  these  two  pairs 
in  parallel.  Since  the  motor  will,  when  rewound, 
develop  more  power,  It  vrlll  take  more  current  from 
the  line,  and  hence  the  fields  must  be  oonneoted  in 
parallel  pairs  In  order  to  provide  the  necessary  carry- 
ing capacity.  The  speeding  up  of  the  motor  will  cause 
it  to  take  more  current,  so  that  it  will  be  necessary 
to  oonnect  the  fields  in  parallel  pairs  in  order  to 
carry  the  current.  A  series  motor  is  not  satisfactory, 
however,  for  this  work,  as  it  is  apt  to  race  when  the 
load  is  thrown  off  and  give  a  variable  speed  with 
changes  in  load.  You  would  need  to  rewind  the 
fields  with  at  least  No.  30  or  82  to  allow  them  to  be 
operated  in  shunt.*  Perhaps  the  easiest  plan  would 
be  to  simply  rewind  the  armature  and  leave  the 
fields  as  they  are,  but  separately  excite  them  from 
the  mains  and  put  enough  resistance  in  series  with 
them,  say  two  or  three  lamps  in  parallel,  to  keep 
them  from  heating.  This  is  not  the  most  economical 
way,  but  the  waste  would  not  be  very  great.  It 
would  save  the  expense  of  rewinding  the  fields  and 
at  the  same  time  give  the  advantage  (constant  speed) 
ofa  shunt  motor. 

••• 

(580)  Kindly  inform  me  bow  to  make  an  induc- 
tion coll  for  the  ignition  of  a  gasoline  engine  (Jump- 
spark  method).  It  is  for  a  motor  cycle,  and  I  wish  It 
to  be  as  small  as  possible  and  give  a  good  spark  with 
three  cells  of  dry  battery. 

R.  D.  M..  Northampton,  Mass. 

Ans.— See  November,  1900,  issue.  Answers  to  In- 
quiries, No.  483.    The  coil  there  described  has  proved 


satisCsctory,  and  while  a  ooll  might  be  made  smaller, 
you  will  make  a  mistake  by  trying  to  cut  down  on 
your  battery  power  and  the  sise;of  the  oolL  The 
most  frequent  cause  of  fldlures  in  the  ignition 
apparatus  is  the|nse  of  too  small  a  battary  and  eoil. 
We  would  therefore  recommend  you  to  use  the  ooll 
and  battery  as  described  unless  you  are  prepared  to 
renew  the  cells  frequently  and  run  the  risk  of  them 
giving  out  when  they  are  most  needed. 

•*» 

(581)  Ihaveabatteryof75ceUs.  Canaswitdhbe 
made  so  that  they  may  be  thrown  either  In  aeries  or 
in  multiple  connection,  without  reconnecting  the 
cells  T  G.  W.  B.,  Three  Rivers,  l^h. 

Ans.— A  oontroller  switch  may  be  made  for  this 
purpose.  There  would  be,  however,  so  many  oon- 
nectUms  for  a  75-cell  battery  that  the  controller 


rQ  c::^  11:3  C3  c::^  C3  i^yviy/fe'A/te/ 
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'y?????????^ 


/i^fc/r/itoS 


would  be  very  expensive  and  of  large  sise.  The 
accompanying  sketch  Illustrates  a  controller  switch 
arranged  for  6  cells.  B  represents  the  battery.  The 
termlnaU  of  the  cells  are  connected  to  contact  fin- 
gers 1  to  It.  The  fingers  make  contact  with,  metal 
strips  mounted  on  and  insulated  from  the  metal 
part  of  the  drum.  When  the  drum  is  turned  to  the 
first  notch,  the  first  row  of  metal  strips  comes  In 
contact  with  the  fingers  and  the  cells  are  then  con- 
nected In  series;  when  the  controller  U  moved  to 
notch  No.  1,  the  cells  are  connected  in  multiple 
series— that  is,  two  groups,  each  of  three  oells  in 
series,  are  connected  In  multiple;  when  the  oontrol- 
ler is  on  notch  No.  8  all  the  cells  are  connected  in 
multiple.  The  same  general  plan  of  connections 
could  be  used  for  a  oontroller  to  operate  a  75-oell 
battery. 

*% 

(682)  I  have  a  i-horsepower  Baxter  motor  which  I 
am  running  as  a  generator.  The  voltage  of  the 
machine  is  so  low  that  it  is  Impossible  to  light  a 
60-volt  lamp.  The  armature  contains  82  seedons, 
4  wires  in  width,  of  No.  18  wire;  the  field  is  wound 
with  wire  as  per  sample,  (a)  Will  you  kindly  in- 
form me  as  to  how  I  can  raise  the  voltage  to  about 
60.  and  if  possible  to  do  so  without  damaging  the 
windings  of  the  armature?  {b)  Also  please  give  me 
the  address  of  the  Baxter  Electric  Motor  Co. 

U.  S.  8.,  So.  Weymouth,  Mass. 

Amb.— (a)  The  sample  of  field  wire  submitted 
shows  that  the  machine  is  series  wound.  It  was 
probably  Intended  originally  to  operate  on  a  10-am* 
pere  arc  circuit,  and  hence  when  run  as  a  dynamo 
would  not  generate  more  than  80  to  86  volts.  Since 
this  is  a  series  machine,  you  must  have  the  external 
reilstanoe  low  enough  to  allow  sufficient  current  to 
flow  to  excite  its  fields  fblly.  It  would  notoomeup 
to  voltage  on  a  60-volt  lamp,  and  you  would  need 
several  such  lamps  in  multiple  to  allow  the  tull  load 
current  to  flow.  To  increase  the  voltage  without 
rewinding  the  machine,  you  must  drive  it  at  a  higher 
speed.    A  series-wound  dynamo  would,  however 
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aerer  be  Mtlifltetorj  for  opeimtlng  ineand«ioaiit 
Uunpt.  Ai  looii  u  yoa  tamed  oat  lampt,  the  cor- 
rent  would  decreaae  and  the  yoltage  would  come 
down.  If  70a  wlah  to  run  the  machine  as  a  lerlee 
dynamo,  the  best  plan  is  to  use  lower-voltage  lamps 
Instead  of  drlyingata  higher  speed,  as  the  speed  is 
no  doubt  already  as  high  as  Is  safe,  (b)  We  have 
been  unable  to  And  the  address  of  this  firm,  and 
haye  the  impression  (hat  It  is  not  now  in  ezistenee 
onder  this  name. 


(588)  (a)  Please  giye  the  relatiye  oonducttylty  of 
platinum  as  eompsied  with  copper,  (b)  What  siae 
platlnam  wire  is  neocssary  to  carry  10  amperes  a  dis- 
tance of  8  inches  at  a  pressure  of  6  yolts  T  Also  what 
siae  platinum  wire  Is  neocssary  to  carry  2  amperes 
the  same  distance  at  the  same  pressure  T 

F.  McD.,  Johnsonburg,  Pa. 

Amb.— (a)  Taking  the  conductlylty  of  annealed 
copper  as  100,  that  of  annealed  platinum  is  17,  i.  e., 
platinum  has  about  5.88  times  the  resistance  of  cop- 
per, (b)  A  No.  81  wire  would  carry  the  current,  so 
fisr  as  giving  the  drop  is  concerned,  but  such  a  fine 
platinum  wire  would  not  carry  10  amperes  without 
burning  out.  If  you  wish  to  carry  10  amperes  and 
use  a  pressure  of  6  yolts,  you  must  use  a  longer  length 
of  larger  wire.  It  would  require  a  No.  88  wire  to  giye 
a  drop  of  6  yolts  through  a  length  of  8  inches,  and 
such  a  Une  wire  would  not  stand  2  amperes.  If  you 
must  keep  the  length  the  same,  it  would  be  better  to 
use  a  lower  yoltage.  Ten  amperes  would  heat  a 
No.  16  or  18  wire  to  a  bright  heat. 


(584)  (a)  Will  you  please  inform  me  what  plati- 
num sponge  is  and  where  it  can  be  procured? 
(b)  Whit  is  the  strongest  and  lightest  solution  bat- 
tery made?  I  want  to  connect  up  a  spark  ooH  and  I 
want  as  large  a  spark  and  as  small  a  oattery  as  pos- 
sible for  motor  igniters.  B.  C,  (Tadiz,  Ohio. 

AM8.-Ha)  Platinum  sponge  is  metallic  platinum  in 
a  Unely  divided  or  porous  state.  It  may  be  made  by 
heating  ammonium-platino-chloride.  Its  most  stri- 
king property  is  its  capability  of  absorbing  about  800 
times  its  own  weight  of  oxygen.  You  can  probably 
obtain  it  fix>m  Elmer  &  Amend,  New  York,  (b)  The 
Edison-Lalande  or  Gordon  cells  have  as  large  an 
output  for  their  weight  as  any  primary  cells  we 
know  of.  They  are  well  adapted  for  motor  igniters. 
Dry  cells  are  not  so  satisfactory  for  this  work,  as  they 
rtin  down  more  rapidly.  There  is  little  choice,  as 
regards  weight,  between  the  dUTerent  makes  of  dry 
battery. 


(586)  (a)  In  a  compound- wound  alternator  of  the 
Wood  or  (General  Electric  type,  where  the  machine 
is  compounded  by  leading  the  main  armature  cur- 
rent (with  the  exception  of  that  which  passes 
through  the  stationary  shunt)  through  the  series 
field  coils,  what  is  the  approximate  vol  tage  measured 
across  the  commutator  ft-om  brush  to  orash?  (b) 
What  is  the  voltage  on  the  later  type  of  machines, 
where  a  converter  is  used  to  supply  the  series  field? 
F.  M.  VanD.,  Omaha.  Neb. 

Akb.— (a)  The  value  of  this  voltage  depends  on 
the  size  and  general  design  of  the  machine.  It  is. 
however,  always  comparatively  low— In  the  neigh- 
borhood of  8  or  10  volU  at  fhli  load  for  a  120  K.  W. 
G.  E.  dynamo— because  all  that  it  represents  is  the 
drop  In  voltage  through  the  series  field.  If  you 
know  the  resistance  of  the  series  field  and  the  cur- 
rent flowing  through  the  field  coils,  you  can  obtain 
the  yoltage  across  the  brushes  by  multiplying  the 
two  together,  (b)  The  voltage  in  this  case  is  also 
low;  in  faet,  one  of  the  advantages  of  the  trans- 
former is  that  it  avoids  connecting  the  field  windings 
to  the  armature,  in  which  a  high  pressure  is  gen- 


erated. The  exact  voltage  generated  may  vary 
widely  in  different  machines,  depending  on  the 
number  of  secondary  turns  used;  it  is,  however,  kept 
as  low  as  possible  without  interfering  with  the 
design  in  other  respects. 


(636)  Will  you  kindly  give  directions  for  con- 
structing a  watch  demagnetiser  for  use  on  alterna- 
ting current?  F.  R.,  Sea  Cliff,  L.  I. 

Ans.— You  may  make  one  form  of  demagnetiser  as 
follow  Turn  up  a  hardwood  spool  about  2^"  Inside 
diameter  by  Sf''  outside.  This  spool  should  be  about 
2|"  long  along  its  axis,  and  be  provided  with  ends 
about  I"  thick.  Wind  the  spool  ttall  of  No.  18  B.  <b  8. 
double  cotton-covered  magnet  wire  and  mount  It  on 
a  board  with  its  axis  horiiontal.  If  the  coll  is  to  be 
used  on  an  ordinary  lighting  circuit,  connect  a  82- 
candlepower  lamp  in  serie  with  it,  so  as  to  limit 
the  current.  Place  the  watch  in  the  coil  after  the 
current  has  been  turned  on,  and  whUe  the  current  is 
stUl  fiowing  gradually  draw  it  out  along  the  axis  and 
away  from  the  coll.  Repeating  this  process  two  or 
three  times  will  usually  demagnetise  the  watch.  If 
it  does  not  do  so,  connect  another  82-candlepower 
lamp  in  parallel  with  the  first  one,  so  as  to  allow 
more  current  to  pass  through  the  coil. 


(587)  I  have  a  dynamo  I  wish  to  use  for  igniting  a 
gasoline  engine;  it  has  16  slots  in  the  armature,  V' 
deep  by  |"  wide.  The  commutator  has  16  sesments, 
ana  the  laminated  armature  core  is  4''  in  diameter 
by  4^'  long.  The  armature  runs  within  tV"  of  the 
poles.  The  field  is  of  cast  iron  and  is  wound  with  4 
pounds  of  No.  16  D.  C.  C.  wire.  What  I  would  like  to 
know  is  the  number  of  turns  and  size  of  wire  to  put 
on  the  armature.  I  would  also  like  directions  for 
connecting  the  machine  up.  I  do  not  wif  h  to  rewind 
the  field  if  it  can  be  avoided.  The  machine  is  series 
wound.  N.  G.  B.,  Muscatine,  Iowa. 

Ans.— Wind  the  armature  with  No.  18  D.  C.  C.  wire; 
allowing  ^"  on  each  side  of  the  slot  for  insulation 
will  admit  of  8  turns  per  layer.  Bach  coll  will  con- 
sist of  4  layers,  or  82  turns  in  all.  Each  side  of  a  coil 
will  fill  half  a  slot,  so  that  there  wUl  be  64  wires  per 
slot,  the  coils  being  arranged  In  two  layers.  The 
upper  and  lower  layers  of  colls  should  be  separated 
by  A"  Insulation.  To  connect  the  armature,  attach 
the  beginning  of  coil  No.  1  to  commutator  bar  No.  1 
and  the  end  of  the  same  coil  to  bar  No.  2.  The 
beginning  of  coll  No.  2  will  connect  to  bar  No.  2,  and 
the  end  of  the  same  coil  to  bar  .No.  3,  and  so  on. 
All  that  Is  necessary  to  connect  the  machine  up  Is 
to  attach  one  brush  to  one  terminal  of  the  field. 
The  other  field  terminal,  and  the  other  brush  will 
be  the  terminals  of  the  machine.  First  see  that  the 
fields  have  some  residual  magnetism,  then  run  the 
machine  up  to  speed  and  see  whether  it  will  generate 
through  a  fairly  low  resistance.  If  it  fails  to 
generate,  the  probabilities  are  that  the  field  and 
armature  are  not  connected  so  as  to  allow  the 
machine  to  build  up.  This  may  be  remedied  by 
reversing  the  field  connection. 


(538)  I  would  like  to  know  the  best  way  to  remove 
sticky  varnish  from  church  pews,  and  also  what  is  a 
good  varnish  that  will  not  have  this  objectionable 
Feature.  L.  H.  C.  Madison,  Iowa. 

Ans.— There  Is  a  paint  and  vanish  remover  manu- 
factured by  the  Selps  Paint  Co.,  Pittoburg,  Pa.,  which 
comes  in  liquid  form  and  Is  applied  with  a  brush. 
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AiUr  a  ooatiog  has  been  applied  for  a  few  xninutee 
the  yarnish  or  paint,  as  the  ease  may  be,  can  be 
readily  removed  with  a  steel  blade  or  pallet  knife. 
After  the  objectionable  eoating  has  been  remoyed 
the  surface  shoald  be  careftiUy  wiped  with  turpen- 
tine. When  the  wood  has  dried,  a  ooatlng  of  good 
body  yarnish,  such  as  Crocket's  No.  1,  can  be  applied 
in  the  usual  manner,  and  we  can  state  that  this 
yarnish  will  give  entire  satisfaction  when  applied 
as  it  comes  fh>m  the  original  package. 

*** 
(589)    Please  inform  me  as  to  the  oorreot  method 
of  laying  out  the  comer  ribs  for  the  elevator  cage 


(610)    (a)  Qiye  the  weight  per  square  foot  of  roof 
snr£M>e  of  the  following  materials  when  used  for 


Fig.  1 


canopy  shown  in  Fig.  1.    I  want  to  determine  the 
correct  profile  of  the  nip  rib. 

O.  H.  P.,  Wilmington,  N.  C. 
Ans.— Draw  first  the  plan  and  partial  eleyatloa 
shown  in  Fig.  2.  Divide  the  outline  of  the  curve 
shown  In  the  elevation— which  in  this  case  is  a 
quarter  circle— into  any  convenient  number  of  equal 
parts,  thus  locating  the  points  I,  f,  5.  4,  etc.  From 
each  of  these  points  draw  a  projector  to  the  miter 
line  of  the  canopy  in  the  plan,  and  at  the  points  of 
intersection  on  such  miter  line  erect  perpendiculars 
thereto  in  the  manner  shown  in  the  illustration. 
These  perpendiculars  should  be  extended  an  indefi- 
nite distance  fhmi  the  plan,  and  a  5— a  parallel  to  the 
miter  line— drawn  where  convenient.  The  vertical 
height  of  each  point  on  the  curve  in  the  elevation 
must  now  be  set  off  in  the  view  at  (a);  that  Is, 
make  i' &  at  (a)  equal  to  I  e  in  the  elevation,  rd' 
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equal  to  f  d.  5'  e'  equal  to  5  «,  etc  The  curve  traced 
through  points  thus  located  in  the  view  at  (a)  will 
define  the  true  profile  for  the  comer  ribs  of  the 
canopy  top. 


roof  covering:  corrunted  iron;  slate;  tiles;  sine; 
boarding,  f-mch  thick;  boarding,  l^-inehes  thick; 
gravel,  (b)  What  is  the  prevure  of  wind  and  snow 
per  sq.  ft.  on  a'  roof T  (e)  Is  Du  Bols'  book  on  roof 
and  bridge  construction  considered  one  of  the  best 
of  its  kind,  and  what  U  its  i^ce? 

W.  B.  G.,  St.  Louis.  Mo. 
Anb.— (a)  Oorragated  iron.  No.  26  to  No.  IS,  1  to  S 
pounds;  slate,  A'  to  i  inch  in  thickness,  7  to  9  pounds; 
flat  tUes,  16  to  20  pounds;  Spanish  tiles,  8  to  10 
pounds;  dnc,  16  os.,  1  pound;  spruce  or  heoodock 
boarding,  |  in.  in  thickness,  2  pounds;  spmoe  or 
hemlock  boarding,  1^  Inches  in  thickness,  4  pounds; 
gravel  roof,  including  two  thicknesses  of  felt,  8  to  10 
pounds.  These  weighto  do  not  include  any  siheath- 
ing  or  ftrring  necessary  to  carry  the  roof  covering. 
(b)  The  pressure  of  wind  on  a  roof  is  always  con- 
sidered as  acting  at  right  angles  or  normal  to  the 
slope,  and  is  taken  at  maximum  when  the  wind  has 
attained  a  velocity  of  80  miles  per  hour  and  exeru  a 
pressure  of  40  pounds  per  sq.  ft  on  a  vertieal  snr- 
fitee.  The  slope  of  the  roof  determines  the  efiRftcUve 
pressure,  and  the  table  below  gives  the  nonnal  pres- 
sure on  rooA  of  dlfiTerent  slopes,  when  the  wind  Is 
exerting  a  pressure  of  40  pounds  per  sq.  ft.  on  a 
horisontal  plane. 

Wind  Pressure  ov  Roon 
Found*  per  Square  Foot 


Bise. 

Pitch. 

Wind       , 

Inches per 

Angle  With 

Proportion  1 
of  Rise  to 

Pressure. 

Foot  of 

UoriiontaL 

Normal  to 

Run. 

Span. 

Slope.       , 

4 

18®  25' 

16.8          1 

6 

26°  83' 

\ 

28.7 

8 

880  42' 

29.1 

12 

46O0' 

86.1 

16 

68®  7' 

i 

38.7          1 

18 

56°  20' 

89.8 

24 

68°  27' 

40.0          1 

The  snow  load  is  considered  as  12  pounds  per  sq. 
ft.  on  roofs  having  a  slope  of  less  than  6  Inches  of 
rise  for  1  foot  of  horisontal  run,  and  8  poundls  per 
sq.  ft  for  roofs  of  this  pitch  and  steeper,  (e)  It  is  an 
excellent  work,  and  ranks  with  the  best  on  these 
subjects.  It  may  be  obtained  f^om  The  Technical 
Supply  Co.,  Scranton,  Pa.,  for  810.00. 


(641)  (a)  What  is  the  life  of  the  average  galva- 
nised metal  shingle?  ib)  Do  you  consider  them  as 
desirable,  fh>m  an  arcnltectural  point  of  view,  for 
covering  the  roofb  of  dwellings,  as  a  firstninality 
cedar  shingle?  (c)  Do  you  know  of  any  rule  fi>r 
proportioning  the  depth  of  the  cornice  to  the  height 
of  the  building?        W.  G.  W.,  Merrickvllle,  ICinn. 

Ans.— (a)  It  depends  altogether  on  the  atmos- 
pheric conditions  of  the  locality  in  which  they  are 
used.  If  there  is  much  sulphur  or  carbonio-add  gas 
in  the  air,  as  is  usually  the  ease  with  impoverished 
air  of  manufacturing  cities,  their  corrosion  is  rapid, 
unless  constantly  painted,  in  spite  of  the  galva- 
nising. From  5  to  15  years  would  cover  the  period  of 
their  useftilness.  (6)  Oedar  shingles  are  far  superior 
to  galvanised  metal  ones  fh>m  an  architectural  point 
of  view,  when  used  as  a  roof  covering  of  dwellings. 
(e)  There  are  several  rales  but  they  have  little 
value.  A  successful  oomice  depends  on  the  skUl 
of  the  designer  to  grasp  the  conditions  of  location 
and  the  surroundings,  together  with  his  knowledge 
of  the  style  in  which  he  is  working.  In  dealing  with 
classic  and  monumental  edifices,  the  proportions  of 
the  orders  may  be  followed. 
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(642)  Wtaal  is  meant  by  the  nitoh  of  a  roof:  for 
instance,  one-half,  one-third,  ana  one-qoarter  piteht 
8.  T.,  Houston,  Texas. 

Amb.— The  pttoh  of  a  roof  is  the  angle  the  slope 
makes  with  the  horlsontal,  and  it  is  usually  desig- 
nated in  terms  of  the  rise  and  the  span.  If  the  span 
is  twice  the  rise,  it  is  called  a  one-half  pitch  roof;  if 
three  times  the  rise,  a  one-third  pitch  roof,  etc. 


(548)  I  haye  a  hoi^Ur  heater  arranged  as  shown 
in  Ffg.  1.  It  is  used  for  heating  a  house  for  chickens. 
I  cannot  get  the  water  to 
circulate  through  the  pipes, 
e,  d,  e,  and  f  back  to  the 
boiler  b.  When  the  water 
gets  hot  it  backs  up  and 
flows  out  of  the  ezpiknsion 
tank  g,  thereby  empti^ng  the 
boiler.  The  pipes  are  all  A 
inch,  except  /,  which  is  | 
inch.  I  cannot  get  the  pipes 
hot.  Please  tell  me  how  I 
can  get  the  water  to  circulate 
through  the  pipes  without 
constant  attention. 

G.  T.,  Charleston,  8.  C. 
Ans.— Rip  out  the  entire 
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Fig.  1 

arrangement  and  install  it  as 
shown  by  our  tketch.  Fig.  2, 
placing  the  boiler  as  low  as 
possible,  and  at  least  1  foot 
lower  than  the  highest  pipe 
in  your  coll.  Use  |-lnch  pipe 
throughout  instead  of  (-inch 


Fio.  2 


and  1-inch.  You  will  un- 
doubtedly have  a  good  drcn- 
latlon  with  this  simple  system, 
provided  that  you  pitch  the 
pipes  constituting  the  heating 
coil  up  toward  the  point  where 
they  Join  the  expansion  pipe, 

•o  that  any  air  in  the  ooils  may  work  upward  and 

escape  into  the  expansion  tank. 

♦** 

(644)  Can  you  giye  me  any  information  as  to  the 
best  war  of  making  cement  blocks  for  sidewalks? 
In  cities  I  have  seen  blocks  of  hexagonal  form, 
measuring  about  11  inches  on  the  side  and  S  or  4 
Inches  thick,  and  of  dliferent  colon.  Can  you 
Inform  me  of  the  relative  proportion  of  the  ingre- 
dients, the  method  of  mixing,  and  the  best  way  of 
■saking  the  molds  7  C.  F. ,  Outtenberg,  Iowa. 

Am.— You  will  find  a  description  of  the  general 
process  of  constructing  sidewalks  of  this  kind,  and 
much  other  valuable  information,  in  a  book  entitled 
"Highway   Construction,"   by  Austin    T.   Byrne. 


Price  15.00;  for  sale  by  The  Technical  Supply  Co., 
Scranton,  Pa.  A  useftil  booklet  in  which  is  described 
the  process  of  constructing  artificial  stone  sidewalks 
will  be  sent  on  application  by  the  Buckeye  Portland 
Cement  Co.,  of  Bellefontaine,  Ohio,  and  probably  by 
any  other  company  that  manuflictures  Portland 
cement.  The  general  process  is  substantially  the 
same  when  blocks  or  tiles  are  used,  but  the  wearing 
surfisce  li  ftimished  by  concrete  tiles  of  a  uniform 
thickness,  formed  in  molds  and  laid  on  the  concrete 
foundation,  which  is  brought  to  an  even  surface  at  a 
distance  below  the  established  grade  equal  to  the 
thickness  of  the  tiles.  The  tiles  can  be  made  any 
desired  form.  The  molds  should  be  made  of  dressed 
lumber  and  should  be  accurate  as  to  dimensions. 
The  lower  half  of  the  tile  should  be  composed  of 
one  part  Portland  cement  to  two  parts  clean  sharp 
sand,  thoroughly  mixed,  using  only  a  small  quantity 
of  water,  and  careftilly  rammed  into  the  molds.  A 
spaoe  about  one-half  inch  in  width  should  be  left 
vacant  around  the  edges.  The  upper  portion  and 
edges  should  be  composed  of  equal  parts  of  Portland 
cement  and  clean  sharp  sand,  thoroughly  mixed, 
using  only  a  small  quantity  of  water,  and  carefblly 
rammed  into  the  molds,  being  particular  to  fill  each 
mold  perfectly  and  to  finish  the  surface  smooth. 
The  tiles  should  be  allowed  to  season  at  least  four 
weeks  before  being  laid,  and  should  be  kept  wet  the 
greater  portion  of  the  first  week.  When  it  is  desired 
to  make  colored  tiles,  the  sand  should  be  washed 
clean  and  clear  water  used.  The  tiblorlng  materials 
are  given  in  the  booklet  mentioned.  After  the  tiles 
are  laid,  a  thin  grouting  of  neat  Portland  cement 
should  be  spread  over  the  surface  and  swept  into  the 
Joints,  then  alltsuperfluous  groutlng^jleancd  off  and 
the  walk  protected  with  planks  until  the  cement  has 
set  thoroughly. 


(545)  Can  you  aasist  me  in  the  proper  design  of  a 
ooal  bin  ?  The  coal  is '  *  birdseye ' '  anthracite,  weigh- 
ing 52  lb.  per  cu.  ft.  and  having  an  angle  or  repose 
of  38  degrees.  The  amount  to  be  stored  is  1 ,600  tons 
and  the  space  on  the  ground  available  for  the  bin  is 
46  ft.  square,  but  the  height  is  not  limited.  The  bot- 
tom of  the  bin  will  be  on  the  ground,  and  the  prob- 


lem is  how  to  estimate  the  pressure  on  the  sides  of 
the  bin  of  that  portion  of  the  coal  unsupported  bv 
the  bottom.    If  we  treat  the  ooal  as  a  fluid  and 


compute  the  strength  on  that  basis,  it  makes  the 
bin  unnecessarily  strong  and  expensive. 

J.  C.  D.,  Prince  Bay,  N.  Y. 
Anb.— While  this  question  is  of  very  considerable 
interest  and  importance,  it  is  of  a  complex  charac- 
ter, and  any  satisfactory  treatment  of  the  subject 
would  be  entirely  too  long  to  be  given  in  our  Answers 
to  Inquiries  columns.  As  a  matterof  Information,  we 
will  state  that  much  space  was  given  to  this  subject 
in  Engineering  News  after  the  failure  on  August 
14,  1897.  of  a  large  coal-storage  bin  in  the  boiler 
house  of  the  Edison  Eleclrlo  Illuminating  Company's 
plant,  at  Pateraon ,  N.  J.,  described  in  the  issue  of  that 
Journal  for  August  26,  1897.  The  design  of  the  bin 
was  described  in  the  Issue  of  the  same  journal  for 
September  23, 1897.  Then  followed  a  series  of  com- 
munications firom  a  number  of  correspondents,  form- 
ing a  valuable  theoretical  discussion  of  the  subject. 
These  appeared  in  the  issues  of  November  4  and 
December  30,  1897,  and  January  27,  February  10. 
March  8,  April  7,  and  May  6,  1898.  Information 
regarding  this  subject  is  also  given  in  an  article  on 
"The  West  Superior  Coal  Storage  Plant  of  the  Lehigh 
Valley  Coal  Co.,"  appearlngln  the  Engineering  News 
of  August  18,  1898,  and  in  an  article  on  "The  Power 
Station  of  the  Capital  Traction  Co.,  Washingto 
D.  C,"  appearing  in  the  same  Journal  for  January 
26,  1899. 
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(618)  I  am  anzioiu  to  oonitniet  a  fllt«r  large 
ukwagh.  to  clarify  the  entire  water  rapply  of  my 
taonae,  whloh  baa  about  20  outlets  of  Tarloua  liiee  tbat 
are  fkeqnently  In  uae.  Mt  Idea  Is  to  make  It  of  three 
seotloiu  of  flanced  Iron  pipe.  These  are  to  be  bolted 
together,  and  i  suppose  suitable  screens  should  be 
placed  at  the  Joints.  Kindly  suggest  what  these 
should  be,  and  alio  Indicate  the  proper  filtration 
materials,  such  as  quarts,  animal  cnareoal,  eto. 
There  must,  of  course,  be  an  equalising  plate 
beneath  the  Intake,  and  a  reserrolr  at  the  bottom 
to  receive  the  filtered  water;  also  some  means  of 
reversing  the  flow,  In  order  to  cleanse  the  apparatus. 
The  latter  could  be  accomplished  by  a  three-way 
valve.  Is  the  use  of  alum  desirable,  and  If  so,  how 
would  you  Inject  the  minimum  amount,  drop  by 
drop,  against  the  water  pressure?  Gould  a  sight-feed 
lubricator  be  used  r         O.  A.  D. ,  Philadelphia,  Pa. 

Am.— The  best  thing  for  you  to  do  in  constructing 
the  filter  is  to  look  up  the  patents  that  have  already 
been  granted  on  filters.  They  are  very  numerous, 
and  If  you  commence  building  a  filter  according  to 
your  own  or  our  ideas,  it  is  very  likely  you  will 
infringe  upon  somebody's  patents.  The  question 
that  must  be  solved  Is  not  how  you  can  build  the 
filter  80  that  It  will  work  satisfiietorily.  but  how  you 
can  build  It  so  as  to  clear  other  people's  patents. 
This  is  one  reason  why  we  cannot  undertake  to 
design  your  filter. 


(647)  (a)  How  can  I  make  a  concave  mirror  or 
-  jflector  20  inches  in  diameter,  with  a  6-foot  focus? 
(6)  If  this  reflector  were  placed  In  bright  sunlight 


refle 


would  it  melt  glass  at  its  focal  point;  if  not,  how 

"       ■litbeto  "  

gravity  of  llqi 

._  aegal 

(e)  What  is  the  cost  per  cubic  foot  of  oxygen  and 


I  do  this?   (e)  What  is  the  tem- 

3  gravity  of  liquid  air?    (d)  Is 

the  earth  as  a  whole  a  positive  or  negative  body? 


large  should  ^^ 

perature  and  spedflc  gravity  of  liquid  air?    (d)  Is 


hydrogen  gas?  Maub,  Lebanon,  Kas. 

Alls.— (a)  A  parabolic  mirror  would  be  best  for 
this  purpose.  These  mirrors  may  be  made  of  sheet 
copper  spun  up  in  a  lathe  on  an  iron  form.  Tou  will 
find  methods  for  describing  a  parabola  in  almost  any 
book  on  analytical  geometry.  The  iron  form  is 
turned  up  to  agree  in  outline  with  the  parabola  and 
the  copper  spun  over  it.  The  copper  is  then  sUvered 
by  electrodepositlon  and  afterwards  highly  polished. 
We  think  it  would  pay  you  fiar  better  in  the  end  to 
buy  your  mirror  from  some  manufacturer  of  search 
lights.  Good  parabolic  mirrors  require  a  great  deal 
of  skill  for  their  manufkcture.  (6)  We  do  not  know 
Just  what  temperature  this  mirror  would  give,  and 
have  been  unable  to  locate  any  experimental  data 
that  would  indicate  its  probable  value  or  that  would 
show  how  large  the  mirror  should  be.  Perhaps  some 
of  our  readers  will  be  able  to  help  you.  It  would, 
however,  require  a  very  large  mirror  to  give  heat 
sufilcient  to  melt  glass,  and  we  do  not  believe  that  a 
20-lnch  mirror  would  come  near  doing  it.  The  heat 
obtained  will  no  doubt  depend  to  a  great  extent 
upon  the  character  of  the  surface  of  the  minor  and 
the  exactness  with  which  it  brings  the  rays  to  a 
focus.  It  U  our  opinion,  however,  that  such  a  mirror 
would  not  melt  glass  (c)  The  temperature  of  a 
saturated  vapor  of  liquid  air  at  atmospheric  pressure 
is  about  -19IO  C.  Its  specific  gravity  at  this  temper- 
ature is  .983.  (d)  The  earth  is  generally  assumed  to 
be  as  a  whole  at  zero  potential,  1.  e.,  neither  positive 
nor  negative.  Different  points  on  the  earth  may, 
however,  have  quite  different  potentials  with  regard 
to  each  other,  (e)  This  depends  upon  how  you  get 
the  gases,  and  it  is  impossible  to  give  any  definite 
figures.  You  can  make  the  gases  by  electrolysis  for 
about  2  cents  per  cubic  foot.    For  prices  on  these 


gases  we  would  advise  you  to  write  to  any  firm 
dealing  In  stereoptlcon  supplies. 

••• 

(548)  A  question  has  arisen  between  two  parties 
regsjrding  uie  swing  of  a  drawbridge;  A  claims  that 
when  it  IS  turned  through  the  quadrant  of  a  eirele 
fh>m  Its  position  when  dosed  to  the  posltlmi  when 
open.  In  order  to  allow  a  vessel  to  pass  through,  it 
makes  a  half  turn,  considering  the  semldrde  to  con- 
stitute a  complete  turn.  B  claims  that  In  being 
turned  In  this  mttnner  the  draw  makes  only  a 

?[uarter  turn,  considering  the  entire  dreomfensioe 
o  constitute  one  complete  turn.  Now.  who  is  right, 
A  or  B,  or  both?  O.  W.  T.,  Fall  River.  Mass. 

Ana.— B,  we  should  say.  The  entire  question  de- 
pends on  what  is  meant  by  turn.  The  first  defini- 
tion of  turn  given  in  the  Standard  Dictionary  applies 
dlreetly  to  this;  it  is  *'7b  gtve  a  rotary  motUm  to, 
whether  the  motUm  eommunleated  be  a  complete  rotmtian 
or  not,"  When  the  bridge  Is  turned  fh>m  the  dosed 
to  the  open  position  in  order  to  allow  a  vessel  to 
pass,  that,  of  Itself,  oonstltatss  a  complete  tern;  that  is 
to  say,  that  particular  act  of  turning  is  oompleto, 
although  the  bridge  does  not  make  a  oomplete 
revolution,  but  is  turned  through  one  quadrant  only. 
When  it  is  turned  again  to  the  closed  position,  the 
act  is  again  complete— the  bridge  is  turned  com- 
pletely, though  not  through  a  complete  revolutloii. 
A  turn  of  any  amount  or  degree  may  be  considered 
as  a  complete  turn.  However,  It  is  commonly  oon- 
ddered  that  a  oomplete  turn  is  made  when  a  point 
on  the  body  turned  passes  through  the  complete  dr- 
onmference,  that  a  half  turn  is  made  when  the  point 
passes  through  the  semldroumference,  and  that  a 
quarter  turn  is  made  when  it  passes  through  the 
quadrant.  This  view  of  the  matter  may  be  con- 
sidered oorreet,  since  it  is  acoordlng  to  commco 
usage,  although  any  degree  of  rotation  may  be 
considered  to  be  a  complete  turn. 


(649)  (a)  Is  a  curve  on  a  street  railway  an  arc  of  a 
circle,  and  if  not,  what  is  It?  (b)  How  many  poles 
are  required  for  one  mile  of  telegraph  line  of  sfesnd- 
ard  construction?  C.  B.  8.,  Baltimore,  Md. 

Amb.— (a)  The  curves  used  on  street  railways  for 
rounding  comers  are  not  usually  plain  aresi  of 
eirdes,  though  on  some  of  the  earlier  roads  they 
were.  Transition  curves  are  now  generally  used. 
In  the  transition  curve,  a  long  radius  Is  used  at  the 
point  where  the  curve  starts  and  the  radius  gradu- 
ally reduced  until  it  becomes  equal  to  the  radius  of 
the  central  part  of  the  eurve.  In  other  words,  the 
curve  is  made  up  of  parts  having  dURvent  radii 
and  the  result  is  that  the  ear  enters  and  leaves 
the  curve  much  smoother  than  if  a  plsln  drcnlar 
arc  were  used,  (b)  It  is  dlflicult  to  give  any  fixed 
number  for  this,  as  it  depends  on  the  natore  of 
the  country  through  which  the  line  is  run,  and  also 
to  some  extent  on  the  number  of  wires  that  the 
poles  have  to  carry.  For  light  lines  in  open  ooontry, 
from  86  to  42  poles  per  mile  are  used.  For  heavi« 
city  lines,  40  to  60  poles  per  mile  are  used. 


(650)  Please  show  how  to  divide  the  area  of  a 
given  circle  into  two  equal  parts  tqr  an  arc  of  a 
circle,  the  center  of  whlcn  is  on  the  circumference 
of  the  given  drcle.  G.  A.  N.,  New  York. 

Ans.— See  answer  to  question  74  in  the  March,  18N, 
number. 

••» 

(551 )  Please  give  a  description  of  a  range  finder  as 
used  in  the  navy.  C.  M.,  8L  Paul.  Minn. 

Aks.— An  excellent  artide  by  Mr.  Ernest  £.  Bodsn 
on  this  subject  appeared  in  the  August,  1899,  nnmbsr 
of  this  magasine. 
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(562)  (a)  Pleaie  explain  the  prineiple  and  eon- 
■tnxotion  of  the  polyoptioon.  (b)  Can  the  leniei  of 
the  microeoope  be  need  for  projecting  vlewi  in  the 
nme  manner  ae  with  a  magic  lantem? 

D.  P.,  Lawrenoeyille,  111. 

Ana.— (a)  Sereral  optical  inatroments  axe  mann- 
factored  bearing  the  name  of  polyoptioon,  the 
majority  of  which  are  merely  toyi,  and  tmm  the 
natnreof  yoor  qnastlon  we  a«ame 
that  yon  refer  to  the  appaiatni 
need  for  projecting  plotoTii  on  a 
■creen  without  the  nee  of  lantem 
slldee.  The  principle  on  which 
theinftmment  it  worked  iiilmilar 
to  that  of  the  photographle  en- 
larging camera,  with  the  excep- 
tion that  the  pictnrei  are  projeot- 
ed  on  an  opaque  white  wireen 
instead  of  on  the  traniluoent 
ground  glaa  need  in  photog- 
raphy. The  picture  or  object  to  be  projected  on 
the  screen  is  brilliantly  lllnmlnated  Iqr  en  oil  or 
inoandeeoent  lamp,  .and  the  light  reflected  firom 
it  paewd  through  an  obJeotiTe  and  ibcufed  on 
the  walL  A  plan  showing  the  principle  of  this 
arrangement  is  illustrated  in  Fig.  1,  where  the 
lamp  or  illnminating  power  li  shown  at  a,  behind 
which  is  a  powerful  reflector  b  that  throws  the 


charcoal  drawings.  As  said  before,  the  instrument 
is  scarcely  more  than  a  toy,  and  has  never  been 
snoceesAilly  used  for  practical  demonstration. 
(5)  The  microscope  may  be  used  for  projecting 
Tlews  in  the  same  manner  as  a  magic  lantem, 
proTlded  the  illuminating  power  is  strong  enough. 
Direct  sunlight  admitted  to  a  darkened  room,  or  an 
electric  light,  may  be  used  in  oonjunctlon  with  an 


^ 


light  against  the  photograph  or  picture  c  to  be 
projected.  The  light  is  reflected  fix>m  e  through  a 
lens  or  ol^eetiye  placed  at  d,  and  is  projected,  much 
enlarged,  as  shown  at  e.  As  the  amount  of  light 
reflected  iVom  e  varies  with  the  nature  of  the 
surface  of  the  picture  used,  it  U  advisable  to  secure 
photographs  with  considerable  contrast,  and  confine 
other  views  to  black-and-white  pictures  only.  Much 
•  light  Is  lost  by  absorption  at  c,  and  therefore  the 


enlarged  picture  on  the  wall  shown  at  e  is  at  best 
rather  dim.  Any  object  placed  at  c  will  be  projected 
on  the  screen  as  shown,  the  brilliancy  of  its  projec- 
tion vaxylng  with  the  character  of  its  reflecting 
surface.  line  drawings,  etchings,  and  photographs 
will  thus  have  the  appearance  of  dimly  lighted 


Fig.  3 


ordinary  microscope  to  project  objects  on  a  screen. 
Where  the  apparatus  is  used  in  oonjunctlon  with 
sunlight,  it  li  usually  termed  a  solar  mioroecope  and 
is  operated  on  the  princdple  shown  in  Fig.  2,  whereat 
o  is  a  mirror  outside  of  a  small  opening  b  in  the  par- 
tition or  window  shutter  of  the  room.  This  mirror 
is  inclined  at  such  an  angle  that  the  sun's  rays  will 
be  reflected  tram  it  horlsontally  through  this  aper- 
ture to  a  condensing  lens  at  c,  by  means  of  which 
the  rays  are  converged  to  a  seoond  condensing  lens 
d  and  brought  to  a  focus  at  e,  where  the  object  to  be 
magnified  or  projected  is  placed  between  two  plates 
of  glass.  On  the  opposite  side  of  «  a  system  of  three 
microscopic  condensing  lenses  is  plskoed,  as  shown. 
at  A  and  upon  the  screen  at  ^  a  greatly  magnified 
image  is  projected.  Where  the  electric  arc  light  is 
used  Instead  of  direct  sunlight,  an  extra  condensing 
lens  is  required,  as  shown  at  a,  Fig.  8,  and  the  rays 
firom  the  are  light  b  pass  through  this  lens  and  are 
rendered  parallel  until  they  reach  the  lens  e,  and 
then  they  are  refracted  through  the  lenses  c  and  d 
in  predsely  the  same  manner  as  were  the  sun's 
rays  in  the  previous  case.  In  this  instance  the  rays 
from  the  electric  light  diverge  tnm  the  arc  at  b,  and 
the  condenser  a  simply  renders  them  parallel,  the 
other  details  of  the  Instrument  being  precisely  the 
same  as  in  Fig.  2.  The  main  object  to  be  attained 
1  n  this  work  is  an  exceedingly  high  illumination  of 
the  slide  or  specimen  to  be  magnified  and  an 
arrangement  to  permit  the  emerging  light  rays  to 
pass  through  three  microscopic  condensers  or  objec- 
tives to  a  suitably  arranged  screen. 


(55t)  A  cubic  foot  of  stone,  weighing  100  pounds 
In  air,  is  dropped  from  a  position  of 
rest  at  the  surface  of  the  sea,  in  water 
32  feet  deep.  In  how  many  seconds 
will  it  reach  the  bottom,  and  what 
will  be  Its  velocity  in  feet  per  second 
at  a  depth  of  16  feet,  and  also  when 
1 1  strikes  the  bottom  ?  Olve  the  same 
Tor  another  stone  twice  the  cubic  con- 
tents and  twice  the  weight.  Assume 
the  water  still  and  without  current. 
Subscriber. 
Amb.— This  li  one  of  many  fancy 
problems  we  receive  from  our  corre- 
spondents. The  solution  of  it  involves 
an  exceedingly  great  amount  of  labor 
and  is,  after  all,  of  no  practical  value 
whatever.  We  would  request  our 
correspondents  to  make  their  questions  more  prac- 
tical, as  the  answers  would  then  be  of  Interest  and 
value  to  the  majority  of  our  readers.  We  spare 
no  pains  or  time  In  answering  questions  of  the 
latter  kind;  but  we  think  it  unfair  to  our  subscrib- 
ers to  fill  our  Answers  to  Inquiries  columns  with 
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the  folntioiii  of  Ideal  problems  that  probably  99  per 
eent.  of  them  will  not  even  look  at. 

•*• 

(554)  Qlyen,  the  dletanoei  firom  a  point  within  to 
the  vertioee  of  an 
equilateral  trl- 
auffle,  to  find  the 
length  of  aildeand 
area  of  triangle. 
C.  F.  W., 
Oak  Park.  111. 

ilNS.— Such  prob- 
lem! ai  the  above 
are  of  no  partlcalar 
value,  and  are  of 
■ervloe  merely  ae 
exercieee  of  math- 
ematical Ingenu- 
ity. Thli  one  may  be  lolved  ai  followi:  Let  #  be  the 
angle  between  A  B  and  a;  then  that  between  A  C 
and  a  la  60—0.    From  trigonometry,  we  have 

(•  -  a^-|-a^-2ax(ooa60-»);        (1) 
and  b*  =>  a^  +  a;>  — 2axcoi#;  (2) 

ooa(60-e)»  cof«Oooi#  +  8ln6Oiln0.      (8) 
Bubetltailng  the  value  of  ooi  (60  —  0)  Aom  (8),  alio 
value  of  ooi  9  firom  (2),  In  (l),and  putting  known 
values  for  oos  60  and  sin  60,  there  results, 


:  o^  +  a*  - 


(0^  _  fti  +  a*) 


-"^»V-(-2«x       )■ 


(4) 


Expanding,  combining  terms,  reducing,  and  solv- 
ing for  X, 


X  =  ±^^-^^^^±  ^/6(a«6«  +  a«c*  ^t^(fi) -3 (a* 

The  external  negative  sign  must  be  disregarded. 
Having  found  x,  the  area  may  be  determined  by  the 
method  used  when  the  three  sides  of  a  triangle  are 
given. 

•*• 

(555)  Where  and  at  what  cost  can  I  get  a  book  that 
gives  the  name,  the  supposed  depth,  and  a  general 
account  of  each  sncceinve  layer  of  the  rocks  that 
form  the  earth's  crust  T    A.  R.,  Glasgow,  Scotland. 

Am.— The  geological  fbrmatlons  of  the  earth  are 
so  Irregular  that  It  is  impossible  to  give  any 
definite  idea  of  the  depth  of  rocks  beneath  the  sni^ 
lisce.  The  names  of  the  rocks  can  be  obtained  from 
any  good  book  on  geology.  A  good  work  on  this  sab- 
ject  U  entiaed  "  Revised  Text-book  of  (Geology,"  by 
Jas.  P.  Dana.  This  book  can  be  obtained  from  The 
Technical  Supply  Co.,  Scranton,  Fa.,  for  $1.40.  A 
good  English  book  on  the  same  subject  is  Gelke's 
"  Class  Book  on  Geology  ";  the  price  of  this  book,  in 
English  money,  is  about  4s.  The  Metal  Mining  Coutm 
of  The  International  Correspondence  Schools  also 
contains  a  very  thorough  treatment  of  blowplping, 
mineralogy,  geology,  and  prospecting. 
* 
*  « 

(556)  How  ii  rubber  melted,  to  make  rubber 
stamps?  E.  P.,  Ashland,  Fa. 

Ams.— The  rubber  is  not  melted;  a  thin  plate  of 
pure  unvulcanlsed  rubber  is  placed  on  the  mold,  put 
in  a  press  and  tightly  screwed  down  so  that  the  rub- 
ber is  forced  into  the  matrix.  Heat  is  applied  to  the 
bottom  of  the  press,  and  by  this  means  the  rubber  is 
vulcanised. 

(557)  Nicola  Tesla,  when  going  to  school,  was  in 
the  habit  of  testlngbis  arithmetical  examples  by  the 
*'  rule  of  three."  Will  you  kindly  explain  what  this 
rule  1st  E.  A.  R.,  Chicago,  ni. 

Am.— The  "rule  of  three"  is  the  old  name  that 
was  applied  to  what  we  now  call  proportion— three 
terms  being  given  to  find  the  fourth. 


(558)  Which  Is  the  best  heating  system,  steam  or 
hot  water?   Explain  why. 

W.  C.  L.,  Albany,  N.  Y. 
Amb.— Hot  water  is  the  better  system  for  warming 
homes  because  the  temperature  of  the  rooms  can  be 
easily  regulated,  and  because  the  low  temperature  of 
the  radiators  prevents  dust,  etc.  from  becoming 
incinerated  on  the  heating  surfrices  and  thus  giving 
an  odor  to  the  air  in  the  rooms.  Another  point  in 
fkvor  of  hot  water  is  that  the  water  wUl  remain  hot 
for  a  long  time  after  the  fire  ii  extinguished.  This  is 
valuable  for  heating  at  night,  because  the  fire  is 
so  uncertain  then. 

« 

(559)  What  is  the  total  area  of  126  circles  ^  of  an 
inch  in  diameter;  the  diameter  of  a  drde  naving 
the  same  area;  also  length  of  side  of  a  square  having 
this  area?  W.  B.  8.,  Hermansviile,  Mich. 

Amb.— The  area  of  a  oirde  A  of  an  inch  in  diameter 
is  (A)>  X  .7854  =  .008071  iq.  In.;  the  area  of  126 
circles  would  be  .008071  X  126  »  .886946  sq.  in.    The 

/~886946 
diameter  of  a  drde  having  this  area  is  -^  -  .^g^ 

a  .702  In.  The  side  of  a  square  having  an  area  of 
.886946  sq.  in.  is  found  by  extracting  the  square  root, 
and  is  equal  to  .622  in. 

•*• 

(560)  Which  would  travd  the  Ikrthest  in  going 
the  distance  of  a  mile,  a  man  in  a  gig  seated  exactly 
over  the  axle,  or  a  toad  seated  exactly  on  the  top  of 
the  wheel,  going  around  with  the  wheel  as  the  ste 
advances?  The  man  and  toad  to  have  the  same  posi- 
tion at  the  end  of  the  mile  as  at  the  start. 

A.  E.  8.,  ghamoktn.  Pa. 

— ■        Ass.— The  answer  to  your  question  de- 

4-  ^  _|.  c4)-    pends  altogether  on  what  yon  mean  by 

the  word  "distance"  when  you  speak  of 

the  distance  travded  by  the  toad.    It  by  distance, 

you  mean  the  horisontal  distance,  then  the  toad 

and  the  man  travd  exactly  the  same  distanoa. 

If  by  the  distance  traveled  by  the  toad  yon  mean 

the  whole  length  of  the  line  described  by  the 

toad  in  space,  then  the  toad  travels  fkrther  than 

the  man;  the  line  dssolbed  by  the  toad  is  a  cydold, 

andthelengthof  this]inelsequalto|~!^  times th* 

distance  travded  by  the  man. 


A  pipe  having  a  2-to-l  dope  deflects  to  the 
*  (read  on  the  plate  of  the  trandt)  and  contin- 


nes  on  a  ft-to-l  dope,  (a)  What  is  the  bend  in  the 

(6)  If  the  slope  of  the  ground  were  uniform, 

would  the  angle,  read  as  above,  be  the  bend  in  the 


pipe?  ^  D.  J.  McL.,  Sandon,  B.  G. 

Aii8.->(a)  By  this  question  we  suppose  yon  wish  to 
know  the  angle  measured  in  the  i^ime  of  the  pipe. 
It  may  readily  be  diown  by  calculations,  too  long 
for  Insertion  here,  that  the  Included  angle  between 
the  two  portlonsof  the  pipe,  measnred  In  their  plane, 
Is  about  184<>  ly.  (5)  If  the  dope  were  uniform,  the 
angle  would  be  greater  than  185°,  increasing  with 
the  steepness. 

**» 

(562)  Pleane  give  me  the  proper  rule  to  follow 
when  pladng  smoke  bells  over  gas  lights.  Shoold 
the  bells  be  placed  close  to  the  cdiing  or  aboot  1  foot 
above  the  gas  flame  ?  E.  W.  B.,  Chicago,  m. 

AMB.— It  is  better  to  place  the  smoke  bdls  aa  far 
bdow  the  cdllng  as  it  is  posdble,  without  coming 
too  close  to  the  gas  flame.  A  foot  or  15  indies,  under 
ordinary  circumstances.  Is  a  good  distance.  The 
object  in  keeping  them  as  tu  from  the  celling  as 
possible  is  to  allow  the  upward  current  of  hot  air  that 
rises  from  the  gas  flame  and  strikes  against  the  bdl 
to  dunise  as  much  as  posdble  before  It  reaches  the 
celling.  The  object  of  the  bdl  is  to  prevent  the  oeO- 
ing  from  bdng  scorched  and  blackened  by  smoke. 
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THE  CONSTRAINMENT  OF  LINKAGES 


G.  A.  Goodenough 


DiBTDionoN  Betwsin  Locked,  Constraikxd,  and  UNOONBTRAnnsD  Linkages — Conditionb 
Bbquirbd  to  Fix  Points  in  a  Plane— Criterion  of  Constraint 


ONE  of  the  most  interestiog  sabjecta  in- 
eluded  in  the  kinematics  of  machinery  is 
the  constrainment  of  linkages  or  mech- 
anisms. If  we  have  given  a  number  of 
kinematic  links,  we  may  connect  them  in  a 
number  of  different  ways.  One  method  of 
connection  may  produce  an  arrangement  of 
snch  a  nature  that  the  links  can  have  no 
relative  motion  whatever;  by  another  ar- 
rangement, the  links  may  be  free  to  move 
relative  to  each  other  in  fixed  predeter* 
mined  paths;  finally,  the  arrangement  may 
be  such  that  the  links  are  free  to  move,  but 
the  motion  is  not  determinate,  and  a  point 
on  any  link  may  move  in  any  one  ^ 
of  an  infinite  number  of  paths. 

To  iUustrate  these  statements, 
let  us  take  a  number  of  kinematic 
links  and  from  them  build  up 
various  linkages  and  test  them 
for  constraint.  First,  however, 
it  may  be  well  to  define  clearly 
what  is  meant  by  a  kinematic 
link.  A  body  that  is  to  be  used 
as  a  member  of  a  machine  or 
mechanism  must  be  provided 
with  suitable  means  for  connection  with 
other  bodies;  for  in  machines  and  even 
in  structures,  the  various  members  must  be 
in  some  manner  connected — ^no  member  can 
be  isolated.  These  members  must,  however, 
be  so  connected  that  relative  motion  between 
them  ie  possible.  Two  members  rigidly 
connected  so  that  no  relative  motion  is. pos- 
sible constitute,  to  all  intents  and  purposes,  a 
single  member.  To  this  end,  the  members 
that  are  to  be  used  as  .machine  parts  are 
provided  with  certain  forms,  which  permit 
a  desired  motion  and  prevent  any  other 
motion.  For  example,  the  crosshead  of 
the  steam  engine  carries  a  pin  which  fits 


Fig.  1 


FIG.  S 


into  a  hole  or  eye  in  the  end  of  the  con- 
necting-rod, and  has  plane  surfaces  that  fit 
snugly  between  other  plane  surfaces  on  the 
guides.  The  pin  and  eye  permit  a  rotation 
of  the  connecting-rod  relative  to  the  cross- 
head,  but  no  other  motion;  similarly,  the 
plane  surfaces  on  the  crosshead  and  guides 
permit  a  motion  of  translation  and  no  other. 
A  body  thus  provided  with  pins,  eyes,  or 
sliding  surfaces  so  that  it  may  be  paired 
with  other  bodies  is  called  a  Mnematic  link. 
Let*  us  first  consider  links  carrying  only 
pin  s  and  eyes.  A  link  with  two  such  pairing 
elements  may  be  represented  conventionally 

.     by  a  straight  bar  with  two  eyes, 

as  shown   in  Fig.  1;   one  with 
three  elements  by  a  triangle  with 
eyes  at  the  corners  (Fig.  2);  one  - 
with  four  elements  by  a  four-sided 
figure  (Fig.  3);  and  so  on. 

Suppose  now  that  there  are 
given  six  links,  as  shown  in 
Fig.  4,  of  which  a  and  b  each 
have  three  pairing  elements — 
pins  or  eyes — and  the  remaining 
four  each  have  two  pairing  ele- 
ments. These  elements  are  designated  by 
the  numbers  2,  f ,  S,  etc.  Let  us  combine 
these  six  links  in  various  ways,  and  study 
the  constrainment  of  the  linkages  thus 
obtained.  In  Fig.  6  the  element  f  of  a  is 
joined  with  i  of  b,  while  the  other  four  ele- 
ments i,  Sf  5,  and  6  are  connected  in  pairs 
by  the  links  c,  d,  «,  and/.  The  linkage  has 
five  joints  as  shown;  onejoint  is  formed  by 
uniting  two  elements,  f  and  4)  the  others 
have  three  elements  each,  viz.,  1-11-JS, 
6-8-14,  S-7-9,  &-10-12,  A  joint  which,  like 
9-4^  is  composed  of  two  elements  is  called  a 
binary  joint;  one  that  has  ^ru  elements,  a 
ternary  joint;  and  so  on.     Similarly,  links 
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carr3rii>g  two  pairing  elements,  as  c,  d,  e,  and 
f.  Fig.  4,  are  binary  links;  those  having 
three  elements,  ternary  links,  etc. 

In  Fig.  6,  the  links  are  joined  together  so 
as  to  form  six  joints:  binary,  1-11,  f-^,  6-S^ 
S-14;    ternary, 
S-7'9,  lO-lfS'lS, 

Figs.  7  and  8 
show  linkages 
having  seven 
joints,  all  binary 
in  each  case.  In 
the  arrangement 
shown  in  Fig.  9, 
one  element  of  a 
and  one  of  6  are 
left  unpaired,  so 
that  a  and  6  are 
essentially  binary 
links,  and  the 
linkage  consists  of  six  binary  links  with  six 
binary  joints. 

It  is  easily  seen  that  the  linkage  shown  in 
Fig.  5  is  locked;  that  is,  the  six  links  can 
have  no  relative  motion,  and  the  five  joints 
must  maintain  their  relative  positions. 
Thus  the  joints  $-7-9  and  6S-14  cannot 
approach  each  other  or  recede  from  each 
other  unless  the  connecting  link  c  is  bent  or 
broken;  for  the  same  reason,  f-^'must 
remain  always  at  the  same  distance  from 
3-7-9  and  6-8-14'  In  short,  any  attempt  to 
move  any  joint  relative  to  any  other  is 
resisted  by  a  tension  or  thrust  in  one  of  the 
links.  That  the  linkage  shown  in  Fig.  6  is 
also  locked  may  be  shown  as  follows:  Sup- 
pose the  link  a  to  be  fixed  rigidly,  so  that  it 
can  have  no  motion.  The  link  &,  being 
pivoted  at  £-4,  can  only  rotate  about  S-4  as 
a  fixed  point;  however,  the  point  6-8  of  6  is 
restrained  from  such  a  rotation  because  it  is 
kept  by  the  link  c  at  a  fixed  distance  from 
the  fixed  point 
S-7-9;  hence,  6^ 
can  have  no  mo- 
tion relative  to  a, 
and  as  a  conse- 
quence link  6, 
having  its  two 
points:?-^  and  5-i5 
fixed,  is  itself 
fixed.  The  joint 
10-12-13  is  evi- 
dently kept  in  a 
definite  position  relative  to  6-14  and  1-11, 
and  since  the  latter  are  fixed,  10-12-18  is 
also  fixed.  It  follows,  therefore,  that  the 
six  joints  can  have  no  relative  motion,  and 
the  linkage  is  locked. 
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Consider  now  the  arrangement  shown  in 
Fig.  7.  Let  the  link  a  be  considered  fixed; 
if,  then,  the  link  c  can  move  at  aQ,  it  will 
rotate  about  the  joint  1-7  as  a  center,  and 
the  point  8-9  will  be  constrained  to  move  in 
a  circular  arc  with  1-7  as  center;  likewise, 
the  end  12-13  of  t  must  move  in  a  drcular 
arc  with  2-11  as  a  center.  The  motion  of 
h  must  be  a  rotation  about  3-6\  hence,  S'-IO 
and  4''14  will  move  in  circular  arcs  with 
3-6  as  center.  Ck)n8idering,  now,  the  motion 
of  link  d,  we  have  seen  that  two  of  its 
points,  8-9  and  &-10,  are  constrained  to  move 
in  definite  paths;  and  since  the  motion  is 
a  plane  motion,  the  motion  of  these  two 
points  determines  the  motion  of  d  as  a 
whole;  hence,  d  has  a  definite  oonstrained 
motion  relative  to  a.  By  the  same  reason- 
ing, it  can  be  shown  that  the  link  /  has  a 
constrained  motion  relative  to  a.  Had  we 
taken  &  or  o  or  d  as  the  stationary  link,  we 
could  have  shown  in  the  same  way  that  each 
of  the  moving  links  has  a  definite  motion 
relative  to  the  one  assumed  fixed.  The 
linkage  of  Fig.  7  has  therefore  the  property 
that  every  link  has 
a  definite  and  de- 
terminate motion 
relative  to  every 
other  link.  Such  a 
linkage  is  said  to 
be  con^frained. 

It  is  readily  seen 
that  the  linkage 
shown  in  Fig.  8  is 
also  constrained. 
Turning  now  to 
that  shown  in  Fig.  9,  we  shall  find  that  it 
is  neither  locked  nor  constrained.  Suppose 
that  the  link  a  is  considered  stationary; 
then  link  d  must  rotate  about  the  joint  (ad) 
and  the  joint  (de)  must  move  in  a  circular 
arc.  Similarly,  the  joint  ( &  c)  must  move  in 
a  circular  arc  with  (ac)  as  a  center.  These 
motions  are  all  that  we  are  able  to  deter- 
mine. Though  we  know  the  motion  of  one 
point  of  e— the  joint  (de)— we  know  the 
motion  of  no  other  point,  and  the  same  is  tnie 
of  link  &.  In  fact,  the  motions  of  6,  e,  and  / 
relative  to  a  may  be  anything  we  diooee; 
that  is,  we  may  hold  a  stationary  and  move 
/  into  any  one  of  a  thousand  different  posi- 
tions by  as  many  different  paths.  The  link- 
age is  therefore  wholly  unconstrained. 

The  process  that  we  have  employed  to 
determine  the  character  of  a  linkage  as 
regards  constraint  can  be  applied  with  rela- 
tive  ease  when  the  number  of  links  is  small; 
when,  however,  the  number  of  links  is  laig6» 
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thia  elementary  method  is  tediooi,  and 
it  IB  neoeeeary  or  at  least  desirable  to  haTe 
some  criterion  that  will  settle  the  qoestion 
of  constraint  with  little  labor.  We  shall 
therefore  attempt  to  derive  some  relation 
between  the  number  of  links  and  joints  that 
will  serve  as  sach  a  criterion. 

In  Fig.  10  there  are  four  points  A,  B,  C, 
and  D.  Let  ns  investigate  the  nmnber  of 
independent  conditions  required  to  make 
these  points  occupy  always  the  same  posi- 
tion relative  to  each  other.  Taking  two 
points,  say  A  and  B^  just  one  condition  is 
required,  that  they  shaU  always  occupy  the 
same  relative  positions,  namely,  that  they 
shall  always  be  at  the  same  distance  apart 
or  that  the  length  of  the  joining  line  A  B 
shall  be  constant.  Take  now  the  point  C. 
Its  position  relative  to  A  and  B  is  fixed 
when  we  specify  the  lengths  of  the  lines 
A  Cand  B  C  joining  C  to  ^  and  B,  or  when 
we  specify  the  angles  o^  and  a,  which  these 
lines  make  with  the  line  A  B.  Hence,  to 
fix  the  relative  position  of  the  three  points 
Af  Bf  and  C,  three  conditions  are  required, 


▼iz.,  the  lengths  AB,  AC,  and  B  C,  or  the 
length  AB  and  the  angles  Oj  and  a,.  To 
determine  a  fourth  point  D,  two  additional 
independent  conditions  are  required:  these 
may  be  either  the  lengths  A  D  and  BD  or 
the  angles  a,  and  a^;  or  we  might  locate  D 
from  A  and  Cby  the  distances  A  D  and  CD, 
or  from  B  and  C  by  the  lengths  BD  and 
CD.  Whichever  of  the  three  are  chosen, 
only  two  are  required  and  are  independent, 
and  the  other  condition  is  dependent  upon 
them.  In  all,  then,  five  conditions  are  neces- 
sary and  sufficient  to  fix  four  points.  A 
fifth  point  would  require  two  more  inde- 
pendent conditions,  or  seven  in  all;  and  for 
six  points  we  should  require  two  more,  or 
nine  in  all.    Tabulating  results,  we  have: 

Points.  Independent  Poiltioni. 

2  1 

3  3 

4  6 

5  7 

6  9 

7  11,  etc. 
The  relation  between  the  number  of  points 

and  the  nnmber  of  conditions  is  apparent; 


the  number  of  conditions  is  doable  the 
number  of  points  lees  3.  If  <  denotes  the 
points  and  c  the  conditions, 
e  =  2«  — 3. 
Now,  in  a  linkage  (Figs.  5-9)  the  joints 
are  the  characteristic  points  whose  relative 
positions  are  to 
be  investigated; 
and  the  condi- 
tions are  fur- 
nished by  the 
links.  Each 
binary  link,  as  c, 
d,  e,  or/.  Fig.  4, 
carries  pairs  for 
two  joints,  and 
oondition. 
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consequently  gives  one 
Each  ternary  link  gives  three 
conditions^the  distances  between  the  pair- 
ing elements.  A  link  with  four  pairing 
elements  will  furnish  five  conditions,  and  in 
general  a  link  with  n  pairing  elements  will 
furnish  2n  — 3  conditions.  Take  the  link- 
age of  Fig.  6,  for  example.  The  ternary 
link  a  gives  three  conditions,  which  keep 
the  three  joints  1-11,  i^-4t  and  3-7-9  in  defi- 
nite relative  position.  The  link  b  gives 
three  more  conditions,  which  are  sufficient 
to  fix  the  positions  of  the  joints  6-S  and 
6~U  relative  to  f-^^.  The  link  c  imposes  the 
.  one  condition  that  joints  6-S  and  S-7-9  shall 
remain  at  a  distance  equal  to  the  length  of  c 
from  each  other;  similarly,  the  link  d  fixes 
the  distance  of  10-lB-lS  frt>m  S-7-9,  the 
link  e  fixes  the  distance  between  1-11  and 
10-lS-lS,  and  the  link  /  fixes  the  distance 
between  the  latter  point  and  the  joint  6-14- 
In  all,  then,  we  have  given  ten  conditions, 
three  each  for  the  links  a  and  h  and  one  each 
for  the  links  c,  d,  e,  and  /.    There  are  six 


Fig. 


joints,  and  to  absolutely  fix  their  positions 
relative  to  each  other,  2X^  —  3  =  9  condi- 
tions are  required.  We  have  therefore  one 
more  condition  than  is  needed,  and  the 
linkage  would  remain  locked  if  one  of 
the  binary  links  were  removed. 

In  the  arrangement  of  Fig.  5,  the  five 
joints  require  2X5  —  3  =  7  conditions  to 
fix  them,  and  as  ten  are  given,  three  are 
superfluous,  and  three  binary  links  could 
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be  itmoyed  without  onloekixig  the  linkage. 
In  the  linkage  of  Fig,  7,  on  the  other 
hand,  the  MTen  joints  reqoire  2X7  —  3 
=  11  conditions  to  fix  them;  and  since  only 
10  conditions  are  giyen,  the  linkage  can- 
not be  locked.  When,  as  in  Figs.  7  and  8, 
the  number  of  conditions  aTailable  is  lees 
j^  by   one    than 

/\  ^   the  minimum 

/    \  ^^^7      number    of 

/  X^-^^     /       conditions  re- 

quired to  lock 
theUnkage,the 
linkage  is  said 
to  have  one  cf«- 
gree  of  freedom. 
By  this  we  mean  that  the  joints  of  the  link- 
age can  move  relative  to  each  other,  but  they 
must  move  in  definite  unalterable  paths.    A 
linkage  with  one  degree  of  freedom  is  a 
constrained  linkage.    When  the  number  of 
conditions  available  is  less  by  two  or  any 
number  greater  than  two  than  the  minimum 
number  of  conditions  necessary  to  lock  the 
linkage,  the  arrangement  has  two  or  more 
degrees  of  freedom,  and  is  unconstrained. 
Thus,  in  the  unconstrained  linkage  shown  in 
Fig.  9,  the  six  joints  require  to  fix  them, 
2X6  —  3  =  9  conditions,  and  only  6  con- 
ditions are  given. 
Let  /  =  number  of  joints  in  linkage; 
C  =  number  of  independent  condi- 
tions given. 
If  C>  2  /-  3,  the  linkage  is  locked; 
C  =  2  /—  4,  the  linkage  is  constrained; 
C  <  2  / —  4,   the  linkage    is    uncon- 
strained. 
We  are  now  prepared  to  arrive  at  a  for- 
mula that  will  serve  as  a  criterion  for  the 
constrainment  of  any  ordinary  linkage. 


Let 


N 


=  total   number   of 

links  in  linkage; 
=  total   number  of 

joints  in  linkage; 
=  number  of  pairing 

elements; 
=  respectively,  num- 
ber of  links  with 
2,  3,  4,  etc.  pairing 
elements; 
=  respectively,  joints 
composed  of  2,  3, 
4,  etc  pairing  ele- 
ments. 
Then,  -B  =  2ri,-h3n,-f4n4-h...;       (a) 
also,    J?  =  2wi,-i-3wi,-i-4m4-i- .  .  .  ;     (b) 
^=  n,4-«t  +  n4-f  .  .  .  ;  (c) 

/  =  m,  -I-  wi,  +  m^  -h (d) 

Now,  since  each  binary  link  furnishes  one 


E 


**«i  Wi,  n^,  etc. 


fiif ,  nif,  m^,  etc. 


condition,  the  n,  binary  links  ftimiah  n, 
conditions;  each  ternary  link  gives  3  condi- 
tions, hence  tit  ternary  links  furnish  Sn, 
conditions;  the  n^  links,  carrying  each  4  pair- 
ing elements,  furnish  5  n^  conditions,  and  so 
on.  The  total  number  of  conditions  fur- 
nished by  the  N  links  is  therefore 

C=  n,-h3n,-f  5n4  +  7n5-f ' 

If,  however,  the  linkage  is  constrained, 
C=  2/— 4; 
hence, 

n,  +  3ri,  +  5n,4-7n8-h.  ..=  2/— 4.  (e) 
This  equation  is  the  criterion  of  constraint 
Sometimes  a  different  form  of  the  criterion 
is  desirable.    From  equations  (e)  and  («), 
Wi  +  nj-fn^  +  n^-f...  ==  N; 
n,-f  3rj,-h5n4-|-7w5-f  .  .  .  =  2^—4; 
adding, 
2w,  +  4n,4-6n4-|-8r»j4- .  .  . 

=  2/-4-f-iV:     (/) 
Now,  subtracting  equation  (c)  from  equa- 
tion (a), 

^-i^=n,  +  2«,  +  3n44-4n5-f  ...; 
whence, 
2(jB  — iVr)  =  2fi,-h4n,  +  6n4  +  8nft4- 

Comparing  this  with  equation  (/), 
2{E—N)=2J'-^-\-N; 
or,  2(J?  — /)=3i^— 4.  (y) 

In  case  the  joints  are  all  binary,  as  in  Figs. 
7  and  S,  E  =  2  /and  equation  {g)  becomes 

2/=3i\r— 4; 
or,  /=liV— 2.  (h) 

The  form  (^)  is  perhaps  the  one  most 
generally  used. 
Even  when  ter- 
nary joints  oc- 
cur, the  formula 
may  be  used  if 
each  ternary 
joint  is  counted 
as  two  binary 
joints.  For  ex- 
ample,  let  us 
apply  the  formula  to  the  Peaucellier  straight- 
line  motion  (Fig.  11). 

Since  all  the  links  are  binary,  equation  (e) 
reduces  to        n,  =  2/— 4; 
or,  iV^=2/— 4. 

In  the  linkage,  isr=8,  and  J  =6; 
whence,  8  =  2X6— 4,  and  the  criterion 
is  satisfied.  The  number  of  pairing  ele- 
ments is  2  X  8  =  16;  applying  the  form  (y), 
2(16  —  6)  =  3X8  —  4. 

If  we  count  each  of  the  four  ternary  joints 
6,  c,  e,  and  /  as  two  binary  joints,  we  shall 
have  /  =  10;  and  using  (h), 

J=  10  =  1X8  —  2. 

In  Fig.  11,  length  of  link  7  =  length  of 
link  ^,  and  S,  4,  S^  and  6  are  all  equal. 
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Roof  Wibk — Wall  or  Post  Wirb — ^Floor  Wire — Controller,  Trolley,  and  Ground 

Wires — Ground  Wire  Proper 


THE  trunk  wiring  on  a  car  compriaee  that 
part  of  the  wiring  that  is  common  to 
both  motors — that  is,  it  carriee  all  of 
the  current  that  the  car  takes,  whether  the 
motors  are  in  series  or  in  multiple.  The 
tnink  wire  proper  extends  from  the  con- 
necting post  on  the  foot  of  the  trolley  base 
to  the  point  where  it  taps  on  to  the  trolley 
wire  that  runs  from  the  T  post  in  one  con- 
troller to  the  T  post  in  the  other,  and  it  is 
oonmionly  known  as  the  controller  trolley 
wire.  The  trunk  wire  includes  in  its  path 
the  two  overhead  switches,  the  main  motor 
fuse  box,  and  the  lightning  arrester;  an  open 
circuit  anywhere  in  this  path  preTcnts  the 
operation  of  the  car  just  as  e^ectually  as 
if  the  trolley  wheel  were  off  the  wire.    The 
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Fig.  1 

trunk  wure  also  includes  that  part  of  the 
ground  wire  that  runs  from  the  controller 
ground  wire  to  the  connecting  post  on  the 
motor  frame,  or  truck,  so  that  the  trunk 
-wiring,  as  a  whole,  can  be  divided  into  four 
parts:  the  roof  wiring,  the  wall  or  post 
-wiring,  the  floor  wiring,  and  the  ground 
wiring. 

Fig.  1  is  a  diagrammatic  sketch  of  the 
trunk  wiring  complete;  T,  B,  is  the  trolley 
base;  0.  S.  No.  1  and  0. 8.  No.  2,  the  Nos.  1 
and  2  overhead  switches;  S.  S.j  the  line  of 
the  car  floor;  F.  B.,  the  main  motor  fuse 
box.  From  il  to  j5  is  the  roof  wiring;  from 
JB  to  Cf  the  wall  or  post  wiring;  from  C  to  A 
the  floor  wiring;  and  from  ^  to  i^,  the  ground 
wire  that  attaches  to  the  motor  or  truck. 

The  roof  wire  connects  at  one  end  to  the 


trolley  base  and  at  the  other  end  to  the 
positive  side  of  the  No.  2  overhead  switch. 
The  roof  wire  is  always  made  of  stranded  or 
flexible  cable,  because  it  takes  up  all  the 
vibration  of  the  car  and  the  blows  of  the 
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pole  more  readily,  and  is  not  so  liable  to 
break  off.  On  single  surface  cars,  it  ranges 
in  size  from  a  No.  0  to  a  No.  4  B.  &  S., 
according  to  the  size  of  the  motors  in  use, 
and  in  any  case,  unless  the  same  size  wire  is 
used  throughout  the  car,  for  standardization 
reasons,  it  should  be  of  twice  the  cross- 
section  of  the  motor  field  or  armature  leads, 
because  it  has  to  carry  twice  the  current 
when  the  motors  are  in  multiple.  At  both 
ends,  where  the  connection  is  made,  the 
cable  is  skinned,  the  wires  twisted  together, 
and  the  end  dipped  in  solder,  to  provide  a 
firm  and  solid  connection. 

In  some  shops,  it  is  the  practice  to  provide 
the  trolley-base  end  of  the  roof  wire  with  a 
regular  terminal,  such  as  that  shown  in 
Fig.  2.  In  such  a  case,  this  end  of  the  wire 
is  not  dipped  in  solder,  but  the  separate 
wires  are  straightened  out,  run  through  the 
hole  in  the  terminal,  flared  out  as  shown  in 
Fig.  2,  and  the  hole  and  end  cemented  with 
solder,  which  must  be  allowed  to  harden 
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before  throwing  the  cable  down.  Where  no 
terminal  is  used,  the  insulation  is  skinned 
off  about  6  inchecr  from  the  end,  dipped  into 
hot  solder,  trimmed  with  a  file,  and  bent 
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into  a  gooaeneck;  the  goofleneck  or  teiminal, 
aa  the  case  may  be,  ia  held  between  two 
waahera  through  which  paaa  a  bolt  or  aet- 
acrew  that  alao  goea  through  the  trolley  foot 
aa  ahown  in  Fig.  3.  Aa  a  farther  precaution 
againat  the  biul  efTecta  of  yibration,  it  ia 
cuatomary  to  wind  the  roof  wire  into  a  pig 
tail  of  three  or  four  tuma  juat  before  it  ia 
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fiuitened  to  the  baae.  Alao  when  faatening 
a  wire  down  to  a  connection  by  meana  of  a 
bolt  or  acrew,  alwaya  lay  the  wire  under,  ao 
that  in  tightening  up,  the  motion  of  the 
acrew  wiU  be  with  the  end  of  the  wire  and 
not  againat  it.  From  the  trolley  connection, 
the  roof  wire  goea  to  the  No.  1  overhead 
awitch.  The  beat  path  to  take  it  ia  atraight 
acroaa  the  roof,  down  to  the  aide  of  the  deck 
aaah,  and  along  the  roof  beaide  the  deck  aaah 
to  the  end,  where  it  paaaea  down  through  a 
hole  in  the  bonnet  to  the  poeitive  aide  of  the 
No.  1  0.  H.  awitch,  aa  ahown  in  Fig.  4, 
which  ia  a  top  yiew  of  the  car  roof,  showing 
the  baae,  the  end  aupported  bridge  upon 
which  it  reata,  the  outline  of  the  deck 
roof,  and  that  of  the  car  roof  proper.  The 
poaitiona  of  the  deck  aaah,  under  the  deck 
roof,  are  alao  indicated  by  the  dotted  rect- 
anglea.  The  roof  wire  atarta  at  the  trolley 
baae  i,  paaaea  oyer  the  edge  of  the  deck 
roof  to  the  under  aide  $;  runa  alongaide  of 
the  deck  aaah,  and  in  auch  a  place  that  the 
opening  and  cloaing  of  the  aaah  will  not  be 
interfered  with,  to  the  end  of  the  deck  5, 
from  where  it  paaaea  over  the  hood  to  ^ 
down  through  to  the  No.  1  awitch  and  out 
again  over  the  hood  to  5;  from  here  it 
followa  along  the  roof  to  the  other  end  of  the 
deck  6;  thence  acroaa  the  hood  down  to  and 
out  of  the  No.  2  awitch  7,  and  goea  to  8, 
where  it  diaappeara  into  the  end  wall  of  the 
car.  The  wire  ia  atretched  taut  and  aecured 
in  place  by  wood  or  metal  cleata.  All  holea 
in  the  roof  of  the  car  are  filled  with  white 
lead,  and  the  whole  job  ia  given  a  coat  of 
roof  color.  Some  workmen  aeem  to  think 
that  any  aort  of  a  aafe  job  will  do  on  top  of 
the  car,  where  it  cannot  be  aeen  from  below. 
It  can  be  aeen  firom  above,  however,  which 
amouita  to  about  the  aame  thing. 


The^wall  or  poat  wire  runa  from  the  naga- 
tive  aide  of  the  No.  2  overhead  awitch  down 
through  the  car  floor,  and  ia  of  the  aame  aiie 
and  kind  aa  the  roof  wire.  After  leaving 
the  hood  awitch,  the  wire  ia  either  carried  to 
thereof  of  the  hood  again,  aa  ahown  in  Fig.4 
(which  makea  a  neat  and  aymmetrical  look- 
ing job,  there  being  no  wirea  viaible  from 
below)  or  it  ia  run  from  the  awitch  along  the 
under  aide  of  the  hood,  either  in  or  out  of 
molding,  to  the  point  where  it  atarta  ita 
downward  courae.  On  doaed  cara,  thia 
downward  courae  ia  through  the  bulkhead 
or  double-end  walla  between  which  the  car 
door  alidea.  On  open  cara  the  wire  paaaea 
into  the  apace  between  the  two  walla  above 
the  end  windowa  and  thence  down  through 
a  comer  poat  to  the  apace  under  the  end 
aeat;  from  here  it  paaaea  through  a  hole  in 
the  car  floor  to  the  underneath  aide  of  the 
floor,  where  it  tape  on  to  the  floor  wiring. 
Whether  the  car  be  open  or  doaed,  the  hole 
that  paaaea  the  wire  through  the  floor  ahoold 
be  inaulated  with  a  hard-rubber  or  porcelain 
buahing,  to  prevent  chafing  of  the  wire'a 
inaulation  and  conaequent  charging  of  the 
car  floor  or  platform  in  damp  weatho*.  If 
the  car  ia  a  cloaed  one  and  the  wall  wire  ia 
paaaed  down  through  the  apace  that  the 
door  alidea  in,  care  mnat  be  taken  to  see 


that  the  wire  ia  in  auch  a  place  that  it  will 
not  interfere  with  the  opening  and  doaong  of 
the  door,  and  that  the  door  roller  doea  not 
pinch  it  when  the  door  ia  alid  dean  back  to 
the  atopa.  Care  muat  alao  be  exerdaed  to 
aee  that  none  of  the  acrewa  that  hold  the 
regiater  or  ita  rigging  go  through  the  waU  ao 
far  aa  to  come  in  contact  with  the  waU 
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wire,  for  this  will  charge  the  register  and 
rod,  and  any  one  touching  either  in  damp 
weather  will  get  a  shock.  On  open  cars,  the 
post  wire  mns  in  a  groove  concealed  by  the 
frame  strip.  To  expose  the  wire,  the  end 
window  most  he  lowered  and  this  strip 
unscrewed  and  taken  off.  As  a  rule,  the 
roof  and  wall  wiring  are  put  in  hy  the  car 
huilder;  the  wall  wiring  is  always  installed 
hy  him,  and  need  never  he  disturhed  unless 
it  hecomee  necessary  to  install  a  larger  wire 
to  meet  the  requirements  of  a  larger  motor, 
in  which  case  all  grooves  and  holes  must  he 
made  larger.  This  will  often  prove  to  he  a 
very  tedious  and  unsatisfactory  job.  In  euch 
a  case,  perhaps  as  neat  and  easy  a  way  to 
run  the  wire  from  the  roof  to  the  floor  is  to 
run  it  outride  altogether.  This  is  done  as 
shown  in  Fig.  5,  hy  running  the  wire  down 
one  corner  of  the  car,  in  a  cap  or  molding. 
The  details  of  construction  differ  so  on  diff'er- 
ent  cars  that  no  catt-iron  rule  can  he  laid 
down  to  cover  all  cases.  The  general  idea  is 
to  select  such  a  path  that  a  simple  straight 
molding  can  he  used.  After  the  wire  and 
molding  are  in  place,  a  similar  piece  of  mold- 
ing must  be  put  in  the  corresponding  place 
on  the  other  side  of  the  car,  to  deceive  the 
public  eye  as  to  its  purpose.  Fig.  5  is  a  view 
of  one  end  of  a  closed  car.  The  roof  wire 
comes  around  the  comer  of  the  deck  sash 
at  /;  goes  through  the  bonnet  roof  to  the 
No.  2  switch  at  f ;  comes  out  again  at  S; 
from  here  it  runs  across  the  hood  roof  to  4 
and  through  the  roof  again  to  the  mouth  of 
the  molding,  a  section  of  which  is  shown 
through  CD.  The  wire  passes  through  the 
floor  of  the  platform  at  5. 

The  floor  wiring  begins  where  the  wall 
wire  comes  through  the  insulator  in  the  car 
floor  and  runs  by  as  straight  a  path  as  poe- 
sible,  to  tap  on  to  the  controller  trolley  wire 
that  runs  from  one  end  of  the  car  to  the 
other.  Throughout  its  length  it  is  encased  in 
soft-rubber  tubing  well  taped  and  shellared 
at  the  ends,  to  keep  the  water  out.  No 
chances  should  be  taken  in  any  splice  or 
connection  involving  any  part  of  the  trunk 
wiring  proper.  All  splices  should  be  well 
wrapped,  soldered,  trimmed,  taped,  and 
shellaced,  to  make  the  whole  waterproof. 
To  give  the  joint  good  shape  and  to  add  to  its 
protection,  it  is  a  good  idea  to  serve  it  with 
thick  glossy  paper  before  taping.  All 
stranded  wires  going  into  connectors  should 
be  twisted  together  in  a  compact  mass, 
dipped  in  hot  solder,  and  trimmed.  If  the 
hole  in  the  post  or  connector  is  too  small  to 
take  the  wire,  do  not  try  to  make  the  wire 


smaller,  but  make  the  hole  larger,  even  if  it 
is  necessary  to  take  the  device  off  the  car 
and  ream  out  the  hole.  The  practice  of 
turning  back  some  of  the  wires  of  a  stranded 
or  flexible  cable  and  cutting  them  off  so  as 
to  be  able  to  get  the  rest  of  them  in  the  hole, 
is  not  safe,  and  it  shows  a  gross  want  of 
regard  for  good  work.  The  floor  wire  must 
be  run  where  it  will  be  out  of  the  way  of 
all  brake  or  sand-box  rigging,  and  it  must 
not  be  where  a  heavy  load  on  the  car  wiU 
depress  the  springs,  letting  the  body  down 
on  the  wire.  On  double-truck  cars,  allow- 
ance must  be  made  for  the  swing  of  the 
trucks  and  the  path  of  the  wire  selected 
where  it  will  not  be  cut  off  In  rounding  a 
curve. 

The  ground  wire  proper  runs  from  the 
controller  ground  wire  to  the  motor  frame  or 
truck.  The  best  place  for  the  ground  wire 
is  on  the  axle  side  of  the  motor  frame, 
because  there  is  less  motion  there.  As  a 
further  precaution  against  the  jar  and  vibra- 
tion shaking  the  ground  wire  loose,  thereby 
opening  the  circuit  and  disabling  the  car,  it 
is  a  good  idea  to  have  two  ground  wires,  one 
to  each  motor,  and  these  wires  should  never, 
under  any  circumstances,  be  solid  wires; 
they  should  be  flexible  cable. 

The  pait  of  the  ground  wire  proper  that 
runs  from  the  controller  ground  wire  E  to 
the  motor  frame  or  truck  F,  Fig.  1,  is  the 
most  important  part  of  the  whole  trunk 
wiring,  since  it  gives  more  trouble  than  all 
the  other  parts  together,  on  account  of  being 
exposed  to  the  weather  and  water  and  to  so 
much  vibration  and  jarring. 

The  controller  ground  and  trolley  wires, 
or  the  wires  TT  and  O  O,  Fig.  1,  that  run 
from  the  T  and  Q  posts  on  one  controller 
to  the  7  and  O  posts  on  the  other  controller, 
are  really  a  part  of  the  trunk  wiring,  in  that 
they  both  are  called  upon  to  carry  the  same 
amount  of  current— that  is,  all  the  current 
the  car  takes;  but  they  are  not,  as  a  rule, 
considered  as  the  main  trunk  line,  for  at  no 
point  on  either  of  these  wires  will  an  open 
circuit  totally  disable  a  car,  whereas  in  the 
main  trunk,  anywhere  from  A  to  Dor  from 
^  to  ^,  an  open  circuit  will  entirely  cut  off 
the  motive  power.  Only  one-half  of  the  T 
or  O  controller  wire  is  used  at  a  time,  but 
since  either  half  must  carry  the  total  car 
current,  when  used,  the  cross-section  of  the 
whole  wire  must  equal  that  of  the  roof  and 
wall  wires.  An  open  circuit  between  D  and 
T,  Fig.  1,  will  disable  the  controller  on  that 
end  of  the  car,  but  it  does  not  in  any  way 
disable  the  other  end. 
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^UB  FRIEND,  Mr.  Benedict— like  all 
other  benedicts  of  sound  sense — immedi- 
Ately  started  in  to  "keep  house"  as 
soon  as  the  wedding  trip  was  OTer.  The 
honeymoon  was  sweet,  of  course,  aa  all 
honeymoons  ought  to  be,  but  when  our 
friend  awakened  from  the  ecstasies  of  con- 
nubial bliss  and  stood  face  to  face  with 
the  stem  actualities  of  life  in  the  month 
of  November,  he  began  to  realize  that  there 
was  something  .else  for  him  to  do  than  coo- 
coo  like  a  turtle  dove  all  winter— he  had  the 
furnace  to  attend.  A  cold  wave  began 
to  play  upon  their  cosy  six-room  framed 
cottage,  and  although  their  blood  was  thick 
and. warm,  yet  the  cold  air  ultimately  got 
the  beet  of  them,  and  Mrs.  B.  reluctantly 
suggested  that  ''  we  get  a  fire  in  the  heater 
now.'* 

It  was  not  settled  definitely  before  the 
union  who  should  attend  to  the  fumace; 
indeed,  Mr.  B.  had  the  blind  staggers  so  bad 
that  he  never  even  dreamed  of  such  things 
before.  But  now  he  was  ''up  against"  a 
momentous  problem  that  must  affect  his 
life's  history — a  question  the  solution  of 
which  has  caused  many  a  wide  breach  in 
domestic  happiness.  Almost  invariably  the 
fhmace  problem  is  hitched  onto  the  husband 
for  his  sole  attention,  the  good  wife  not  even 
deigning  to  look  at  the  galvanized-iron  jack- 
eted coal  eater  as  she  passes  through  the 
cellar.  Sometimes,  however,  the  responsi- 
bility and  labor  are  lovingly  laid  upon  the 
shoi^ders  of  the  young  wife,  on  the  ground 
that  the  husband  does  not  wish  to  hamper 
her  in  the  full  performance  and  control  of 
everything  inside  the  homa  But  both  of 
these  are  drastic  measures,  and  neither 
works  satisfactorily  in  a  bouse  without  a 
servant,  such  as  Mr.  Benedict's  must  be,  for 
his  salary  and  prospects  did  not  yet  warrant 
the  employment  of  a  servant. 

Both  Mr.  and  Mrs.  Benedict  had  been 
down  in  the  cellar  frequently  and  had  seen 
the  octopus-looking  monster  whose  tentacles 
are  8-inch  tin  pipes,  but  they  never  had  any 
inclination  to  examine  or  study  it,  and  con- 
sequently the  entire   heating  system  was 


strange  to  Mr.  B.  when  he  waa  about  to 
"  start  it  up  "  for  the  winter. 

Of  course,  the  natural  reasoning  is  that  the 
first  operation  is  to  start  a  fire.  A  few  old 
newspapers,  a  chopped-up  old  soap  box,  and  a 
match  quickly  accomplished  that,  and  while 
the  wood  was  still  burning  Mr.  B.  shoveled 
on  some  coal.  He  then  rushed  up  stairs  to 
get  a  breath  of  fresh  air,  for  a  fresh  fire  is 
noted  for  smoking  the  cellar  until  the  chim- 
ney gets  warm,  and  by  this  time  the  cellar 
was  filled  with  smoke. 

Mrs.  B.,  in  order  to  let  the  heat  get  into 
the  rooms,  had  turned  all  the  registers  full 
open,  and  remained  in  the  sitting  room  on 
the  first  fioor  awaiting  developments  while 
Mr.  B.  continued  his  coal-having  task  in  the 
cellar.  He  was  congratulating  himself  on 
the  fine  fire  that  was  raging  in  the  furnace, 
when  his  better  half  called  down  through 
the  register:  **  John,  there  is  no  heat  coming 
up  at  all.  Can  I  come  down  and  help  you?" 
''Strange,"  he  shouted,  stretching  his  neck 
upward  so  that  his  voice  might  go  through 
the  fioor  overhead  as  a  bullet  goes  through  a 
board,  "I  have  a  big  fire  in  the  old  thing, 
and  there  must  be  heat  somewhere." 

This  remark  started  Mrs.  B.  out  on  a  search 
for  heat.  She  anxiously  held  her  hand  over 
the  hall  register,  but  it  was  as  cold  as  the 
one  in  the  sitting  room;  then  she  skipped 
into  the  parlor  and  did  the  same  thing  there, 
and  sure  enough  she  could  feel  an  occasional 
puflf  of  warm  air,  which  almost  instantly 
receded.  Then  she  bounded  up  stairs  to 
see  whether  there  was  any  heat  in  the  bed 
rooms,  and  to  her  utter  amaaement  each  one 
was  roasting  hot,  and  each  one  had  a  strong 
smell  of  furnace  gas. 

Mr.  B.  was  then  called  up  stairs  to  witness 
the  condition  of  affairs.  After  a  little  dis- 
cussion they  decided  to  shut  the  up-stairs 
registers  and  see  whether  the  hot  air  would 
then  go  into  the  lower  rooms.  As  soon  as 
they  were  closed  a  little  hot  air  came  up  the 
sitting-room  register  and  then  stopped,  then 
a  little  more  and  again  ceased.  The  same 
movements  occurred  at  the  parlor. and  hall 
registers.    The  result  was  not  satisfactory  at 
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all,  and  a  famace  man  was  sent  for.  By  the 
time  he  came  Mr.  B.  had  almost  set  fire 
to  the  honse  by  overheating  the  furnace. 
When  the  furnaoeman  arrived  he  asked  a 
few  questions,  looked  the  system  over,  then 
opened  a  slide,  and  the  hot  air  instantly 
flowed  into  the  parlor,  hall,  and  sitting  room 
in  such  a  large  volume  and  at  such  a  high 
temperature  that  these  places  were  heated  to 
about  80  degrees  in  a  few  minutes.  Then  it 
was  that  Mr.  B.  discovered  there  is  some- 
thing else  in  the  running  of  a  furnace  than 
the  mere  act  of  shoveling  coal,  and  he  was 
wise  enough  to  ask  the  fnrnaceman  to  explain 
the  use  of  the  slide  damper  he  had  just 
pulled  out 

"That damper,"  said  the  furnaceman,  *4s 
placed  in  the  cold-air  box  for  the  purpose  of 
regulating  the  flow  of  cold  air  to  the  heater, 
where  it  becomes  warmed  and  rises  to  the 
rooms  through  the  tin  pipes  overhead.  Lots 
of  furnacemen  imagine  that  a  job  won't 
work  right  unless  a  damper  is  put  in  the 
cold-air  duct,  but  in  my  experience  I  flnd 
that  they  are  dangerous  things.  Take  your 
case,  for  instance,  Mr.  Benedict:  you  started 
up  the  heater  with  the  damper  shut  tight. 
Cold  air  could  not  come  in  to  supply  the 
furnace  from  the  outer  atmosphere,  as  is 
intended,  so  it  came  down  through  the 
sitting  room,  parlor,  and  hall  registers  to 
take  the  place  of  the  hot  air  that  flowed  up 
to  the  bed  rooms.  It  is  impossible  for  hot 
air  to  leave  a  furnace  unless  a  supply  of  cold 
air  can  get  in  to  take  its  place.  Now,  if  you 
open  all  the  registers  in  the  house  they  will 
give  off  plenty  of  hot  air." 

"Then,"  queried  Mr.  B.,  "what  is  the 
use  of  the  slide  in  the  cold -air  box?" 

"No use  at  all,  sir,"  replied  the  furnace- 
man;  "  indeed,  they  are  worse  than  useless, 
for,  when  closed  while  the  furnace  is  run- 
nings the  draft  of  the  hot-air  pipes  on  the 
heater  draws  furnace  gases  through  every 
'  crack  and  crevice  of  the  flre  pot  and  com- 
bustion chamber,  and  poisons  the  air  in  the 
rooms." 

"Ahl  Isee,"said  Mr.  B.;  "it  causes  the 
pressure  of  the  fresh  air  around  the  heater 
to  become  less  than  that  in  the  fire  pot,  and 
the  gases  have  to  go  wherever  the  pressure 
ifl  lowest    Is  that  so  ?  " 

"Exactly,"  replied  the  furnaceman"; 
and  that  occurs  frequently  when  the  chim- 
ney draft  is  poor  or  when  the  fire  door  is  left 
open,  but  worst  of  all  when  the  check-draft 
at  the  back  of  the  heater  is  open. 

"  Now,  before  going,  Mr.  Benedict,  I  would 
say  that  if  you  are  wise  you  will  not  close 


that  slide  damper  any  more  this  winter." 
And  our  furnaceman  went  off  to  attend  to 
the  troubles  of  some  other  people. 

When  Benedict  started  his  heater  he  fired 
furnace  coal,  but  as  pea  coal  is  so  much 
cheaper  and  as  his  neighbors  were  using  this 
grade  of  coal,  he  thought  he  would  try  it  too. 
But  aias !  one  day,  about  half  an  hour  after 
he  had  just  filled  up  the  fire  pot  with  pea 
coal,  he  opened  the  fire  door  and  hastily 
looked  in  to  see  how  the  fire  was  coming  up. 
Then  there  came  an  explosion;  a  blue  flame 
shot  out  of  the  door  and  singed  his  hair. 

This  set  Mr.  B.  to  thinking  again.  Since 
he  commenced  to  use  pea  coal  the  heating 
of  the  house  had  always  been  spasmodic. 
It  invariably  cooled  down  during  the  ni^ht, 
and  occasionally  a  peculiar  hollow  sound, 
like  an  explosion  in  the  bowels  of  the  earth, 
would  be  distinctly  heard  upstairs,  and  fur- 
nace gases  and  soot  would  at  the  same  in- 
stant blow  into  the  rooms  from  a  stove-pipe 
hole  in  the  chimney,  the  tin  cap  that  cov- 
ered the  hole  being  sometimes  blown  out  to 
the  middle  of  the  room. 

Looking  at  the  coal  bin,  he  was  surprised 
to  find  that  the  pea  coal  was  being  consumed 
much  faster  than  the  last  ton  of  furnace  coal, 
and  yet  the  house  was  not  being  comfortably 
heated.  Desirous  of  information,  Mr.  B. 
called  upon  an  old  friend  who,  in  his  younger 
days,  used  to  fire  a  boiler.  He  explained 
the  trouble  and  asked  advice. 

"Why,  John,  old  boy,"  the  friend  replied, 
"  you're  burning  the  wrong  kind  of  coal." 

"But,"  interrupted  John,  "there  is  a 
difference  of  $1.20  a  ton,  and  our  neighbors 
burn  pea  coal." 

"  That  may  be,  John,  but  the  furnace  coal 
is  cheaper  in  the  end,  besides  being  much 
more  satisfactory.  It  is  true  that  a  ton  of 
coal  is  a  ton  of  coal,  whether  in  big  or  little 
pieces,  and  that  each  ton  contains  about  the 
same  heating  power  as  the  other,  but  the 
trouble  lies  in  the  burning  of  them.  You 
will  understand  that  coal  requires  a  certain 
quantity  of  fresh  air  to  supply  it  with  the 
oxygen  necessary  for  combustion.  If  the 
proper  amount  of  air  gets  at  the  coal,  then 
the  coal,  if  fresh,  will  break  into  flame  and 
burn  to  the  best  advantage— that  is  to  say, 
it  will  give  out  all  the  heat  it  contains;  but 
if  the  air  supply  is  not  great  enough  to  fur- 
nish sufficient  oxygen  to  the  coal,  then  the 
gases  given  off  by  the  coal  will  pass  up  the 
chimney  unconsumed.  So  your  money  goes 
to  waste  and  your  house  gets  cold." 

" I  understand,"  interrupted  John;  "my 
house  gets  cold — that's  true;  and  my  money 
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goes  up  the  chimney— jthat's  ditto,  bat  about 
what  proportion  is  wasted?'' 

"  Well,"  continued  the  friend,  "  when  a 
pound  of  coal  is  properly  burned  and  com- 
pletely consumed  it  gives  off  about  14,500 
B.  T.  U.  and"— 

''  What  are  they  ?  "  queried  Benedict 

"WeU,  well,"  laughed  the  friend,  **  par- 
don me,  Benedict;  I  forgot  that  you  con- 
fined your  studies  to  commerce,  and  of  course 
cannot  be  expected  to  know  what  B.  T.  (J. 
means.  B  stands  for  British,  T  for  thermal, 
and  U  for  units." 

''British  thermal  units,  eh?"  exclaimed 
Mr.  Benedict;  "  what  are  they,  and  why  are 
they  not  called  American  thermal  units?" 

''  Hold  on,  John;  one  question  at  a  time, 
pleiMe,"  interrupted  the  friend,  ''then  yon 
won*t  get  me  confused.  A  British  thermal 
unit  is  the  quantity  of  heat  required  to  raise 
the  temperature  of  1  pound  of  water  1  degree 
by  the  Fahrenheit  thermometer,  and  it  is 
called  British  because  it  was  first  adopted  in 
Britain  as  the  British  standard  for  heat 
measurement.  Later  on  we  required  a 
standard  of  our  own,  and  we  simply  bor- 
rowed Cousin  John's  to  prevent  confusion. 
Our  friends  la  other  countries  have  other 
units  of  heat  measurement,  and  we  call  ours 
British  jast  to  show  that  it  is  not  the  French 
or  the  Russ'an  or  the  Chinese  heat  unit 
that  we  work  on.  Bat  thst  is  aside  from 
the  question,  John — let  us  get  back  to  your 
coal  bin.  I  said  a  pound  of  coal  gives  off 
about  14,500  B.  T.  U.  daring  the  process  of 
complete  combustion;  but  if  it  does  not  get 
enough  air  to  allow  complete  combustion 
then  a  peculiar  procesa  of  incomplete  com- 
bustion takes  place,  and  a  gas  called  carbon 
monoxide  leaves  the  coal  and  escapee  un- 
consumed,  and  the  heat  given  off  by  coal 
burned  this  way  only  amounts  to  about 
4,400  B.  T.  U.— less  than  one-thu^.  Now 
you  see  how  two-thirds  of  the  available 
heat  of  your  coal  can  go  up  the  chimney. 
With  farnaoe  coal  that  waste  seldom,  if 
ever,  occurs,  but  with  pea  coal  there  is  more 
or  less  waste  going  on  all  the  time." 

"Can  that  waste  be  prevented  in  burning 
pea  coal?"  inquired  Benedict;  "I  have  about 
half  a  ton  of  pea  coal  on  hand  and  would 
like  to  use  it  up."        • 

"  Yes;  it  can  be  prevented  by  throwing  on 
just  a  little  pea  coal  at  a  time,  and  often — 
say  once  every  hour  during  moderately  cold 
weather." 

"Whew,"  whistled  Benedict;  "I  can't 
stay  home  all  winter  to  shovel  coal.  Isn't 
there  some  way  of  overcoming  this  trouble  ? ' ' 


"Yes,"  replied  his  friend;  "if  the  fire  pot 
is  big  enough  you  can  pile  up  pea  coal  on 
one  side  of  the  fire  and  leave  the  other  hslf 
red  and  heQ  from  ashee,  so  that  plenty  of  air 
can  get  through.  If  you  pile  up  pea  coal 
and  neglect  to  do  thip,  the  innde  of  the  fur- 
nace will  become  filled  with  carbon  monoxide 
and  other  gases,  which  will  explode  when 
the  fire  breaks  thmugh  or  when  air  is 
admitted  to  the  fire." 

"  By  gum,  you  struck  it,  old  boy,"  ex- 
claimed Benedict,  removing  his  hat;  "jast 
look  at  my  head  and  eyebrows." 

"You  are  a  lucky  dog,  Benedict,"  the 
friend  replied;  "you  got  off  easy.  Many 
a  man  has  lost  his  eyesight  in  that  way." 

"  Bat  will  we  get  enough  heat  from  pea 
coal  during  coldest  weather  if  we  fire  as  yoa 
say  ?  "  queried  Benedict 

"No,  sir,"  emphatically  answered  his 
friend;  "for  by  so  doing  you  only  utilise 
hair  of  the  grate  surface.  Manufacturers  of 
furnaces  don't  build  them  for  pea  coaL  I 
would  advise  yoa  to  use  furnace  coal  and 
nothing  else.  You  will  thus  save  money  in 
the  end;  besides,  it  will  avoid  an  immense 
amount  of  annoyance,  for  you  can  then  fire 
the  furnace  once  a  day,  or  twice  at  the 
most" 

"Then  I  suppose  we  may  use  up  the  pea 
coal  in  the  kitchen  range?"  qneried  Benedict 

"Exactly,"  replied  his  valuable  counsellor. 

Benedict  followed  instructions,  and  the 
farnace  worked  beautifully  until  the  weather 
became  so  cold  that  the  thermometer  outride 
registered  zero.  Then  it  seemed  as  though 
the  houee  could  not  be  heated  above  60 
degrees.  He*shovel«d  on  coal  to  an^abrming 
extent  in  the  morning,  before  he  went  to  the 
office,  and  his  wife  shoveled  on  more  while 
he  was  gone,  and  the  coal  bin  was  being 
emptied  fast  It  was  evident  that  some- 
thing was  wrong,  and  Benedict  put  on  his 
thinking  cap  again.  He  reasoned  that  as 
the  farnace  was  being  fired  as  hard  as  pos- 
sible, the  coal  was  giving  off  heat,  and  he 
muimured,  "  where  does  the  heatgo?"  The 
chimney  draft  was  excellent,  the  draft  strong, 
the  fire  brii^k,  the  smokepipe  almost  red  hot, 
and  the  farnace  jacket  cold.  The  registers 
were  all  fall  open,  and  yet  the  hoase  was 
col<l,  and  Benedict  was  again  puzzled  to 
know  what  could  be  the  matter.  Being  a 
good  business  man,  he  knew  enough  to  call 
upon  the  furnaceman  that  did  the  job  and 
give  him  some  plain  talk. 

"  Jones,"  he  shouted,  as  he  entered  the 
shop  of  tin  pipes,  wash  boilers,  and  furnaces, 
"I  thought  you  guaranteed  that  furnace  of 
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min«  to  heftt  the  hocue  to  70  degrees  daring 
lero  weather." 

"So  I  did,"  replied  Jonee,  "and  I  do  yet; 
what's  the  matter  with  it?" 

"  Matter  enough,"  shouted  Benedict,  now 
in  a  medium  rage,  "  we've  stuffed  about  a  ton 
of  coal  into  the  old  thing  these  last  two  days 
and  the  house  is  like  a  refrigerator  yet  See 
here,  Jones,  if  you  want  to  keep  a  good 
reputation,  you  will  come  up  to  the  house 
with  me  right  away  and  prove  that  your 
guarantee  is  0.  K.  The  weather  conditions 
are  favorabla    Gome  on." 

"All  right,"  meekly  replied  Jones,  and  the 
two  hurried  up  to  Benedict's  home.  Down  in 
the  cellar,  the  furnace  doctor  hastily  looked 
around  and  "took  in"  everything,  so  to 
speak.  He  looked  at  the  fire  and  remarked 
that  it  was  brisk  enough  to  heat  a  house  twice 
the  sixe  of  Benedict's.  Then  he  felt  the  hot- 
air  pipes,  which  were  quite  cold.  He  looked 
for  the  damper  of  the  cold-air  duct  and 
observed  that  it  was  pulled  out  and  prob* 
ably  thrown  away,  but  he  made  no  remark, 
for  personally  he  prefers  no  damper  there, 
although  his  men  usually  put  them  in  to 
please  customers.  Then  he  went  upstairs 
and  held  his  hand  over  each  register,  to  feel 
the  draft,  and  he  knew  the  trouble. 

"Mr.  Benedict,"  he  thoughtfully  remarked, 
"  I  will  check  down  your  registers  a  little,  to 
prevent  the  cold  air  from  rushing  so  rapidly 
through  the  furnace,  which  will  give  it  more 
time  to  heat  This  will  allow  a  smaller 
volume  of  air  at  a  much  higher  tempera- 
ture to  enter  the  rooms,  and  will  make 
a  great  difference." 

This  was  done  and  the  air  immediately 
came  up  the  registers  "  piping  hot " — so  hot 
that  the  flre  in  the  furnace  had  to  be  checked 
to  prevent  overheating  the  house. 

Jones'  reputation  was  saved  because  he 
knew  what  the  trouble  was,  and  how  to 
care  it  And  Bene<lict,  although  feeling 
cheap,  agreed  that  Jones  knew  his  business 
and  that  his  guarantee  was  0.  E. 


Before  Jones  returned  to  the  shop  he 
smoked  two  of  Benedict's  best  cigars,  and 
while  smoking  presented  a  great  deal  of 
useful  information  about  the  running  of  a 
fhrnace,  which,  condensed,  is  about  aa  fol- 
lows : 

Keep  the  furnace  dean  outside  and  inside. 
It  is  part  of  the  house.  Do  not  let  the  ashes 
accumulate  in  the  ash  pit,  or  the  grates  will 
soon  bum  out 

Fire  lightly  and  often  if  you  can,  and  yon 
will  not  use  so  much  coal.  If  you  must  fire 
thick,  pile  it  up  first  on  one  »ide  then  on 
the  other.  This  will  give  you  fire  on  top  all 
the  time;  otherwise  the  fire  will  be  alter- 
nately dead  and  alive  on  top  and  the  heating 
results  will  be  intenpittent. 

Keep  the  fire  door  shut  If  you  want  to 
deaden  the  fire,  do  so  by  closing  the  bottom 
door  only.  If  this  will  not  shut  tight  enough, 
you  had  better  get  the  furnaceman  to  make 
it  fit  close. 

Never  open  the  check  draft  at  the  back  of 
the  heater,  otherwise  this  will  allow  furnace 
gases  to  flow  through  the  joints  of  the  fur- 
nace and  poison  the  fresh  air  that  comes  up 
the  registers ;  rather  open  the  by-  pass  damper 
that  is  fitted  to  all  modern  furnaces  to  pre- 
vent ash  dust  from  getting  into  the  cellar 
when  the  grates  are  shaken.  This  should 
check  the  draft 

Do  not  use  a  damper  in  the  cold-air  box, 
but  regulate  your  heat  at  the  registers.  This  * 
is  the  best  safeguard  against  furnace  gases 
getting  into  the  house. 

Keep  the  water  tank  filled  with' water,  to 
moisten  the  air,  for  in  winter  the  hot  air  is 
too  dry. 

Keep  the  ground  around  the  mouth  of  the 
fresh-air  box  clean. 

Do  not  sweep  dirt  from  the  floors  into  the 
registers. 

Train  your  wife  to  run  the  furnace  when 
you  are  sick. 

Finally,  do  not  jump  on  the  furnaceman 
because  you  cannot  run  your  own  furnace. 
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[OST  steam-engine  goYemore  depend  for 
their  action  on  the  effect  which  the 
centrifugal  force  that  is  developed  in 
a  weight  revolving  around  an  axis  ontside 
of  its  center  of  gravity  has  in  overcoming 
a  varying  resisting  force.  The  weight  is 
so  suspended  that  the  centrifogal  force 
developed  by  its  rotation  is  opposed  by  a 
variable  resistance.  When  the  speed  and 
centrifugal  force  increase,  the  weight  moves 
outward,  and  the  resistance  increases  until 
it  balances  the  increased  centrifugal  force; 
when  the  speed  decreases,  the  centrifugal 
force  becomes  less  than  the  resistance,  and 
the  weight  is  forced  toward  the  axis;  as  the 
weight  moves  toward  the  axis,  the  resist- 
ance decreases  until  it  is  again  balanced  by 
the  centrifugal  force  in  the 
new  position,  This  motion 
of  the  weight  is  transmitted 
by  a  suitable  mechanism  to 
the  valve  that  controls  the 
flow  of  steam  to  the  cylinder. 

The  earliest  and  one  of 
the  simplest  steam-engine 
governors  is  an  application 
of  what  is  scientifically 
known  as  the  revolving  pen- 
dulum, which  is  shown  in 
Fig.  1.  It  consists  of  a 
weight  B  suspended  from 
the  point  0  by  a  fine  cord, 
and  revolves  around  the  vertical  axis  0  C. 
When  the  pendulum  revolves  about  the 
axis  at  a  uniform  speed,  the  ball  remains 
at  a  constant  distance  from  the  axis  and  at  a 
constant  distance  OC  below  the  point  of 
suspension  0.  The  latter  distance  is  called 
the  height  of  the  pendulum,  and  is  repre- 
sented in  the  figure  by  h. 

When  the  pendulum  is  revolving,  the  ball 
is  acted  on  by  three  forces,  namely:  gravity, 
which  is  equal  to  the  weight  of  the  ball  and 
acts  downward;  centrifugal  force,  which 
acts  horizontally  outward;  and  the  pull  in 
the  cord.  These  three  forces  may  be  re- 
spectively represented  by  the  lines  By^Bx, 
and  B  z.  Considering  the  point  of  suspen- 
sion 0  as  a  fulcrum,  it  is  evident  that  the 
force  represented   by  By — the  weight   of 


the  ball— tends  to  revolve  the  ball  down- 
ward with  0  as  a  center,  and  a  lever  arm  r 
equal  to  the  perpendicular  distance  DO 
from  the  line  of  action  of  the  force  to  the 
fulcrum.  Similarly,  the  centrifugal  force — 
represented  by  the  line  Bx — ^tends  to  revolve 
the  ball  in  an  upward  direction  around  O 
wit  h  a  lever  arm  equal  to  the  height  h.  Since 
the  force  represented  hj  Bz  acts  along  a 
line  passing  through  O,  it  has  no  tendency 
to  rotate  the  ball  around  that  center;  it  is, 
therefore,  evident  that  the  ball  will  be  in 
equilibrium  when  the  product  of  the  cen- 
trifugal force  multiplied  by  the  distance  h 
is  just  equal  to  the  product  of  the  weight  of 
the  ball  multiplied  by  the  distance  r. 
If  the  centrifugal  force  is  increased  by  an 
increase  in  the  speed  of 
rotation,  the  ball  moves 
outward;  as  a  result,  the 
length  of  the  lever  arm  r 
is  increased  while  h  is 
diminished  until  the  turn- 
ing effects  of  the  two  forces 
are  again  equalized. 

Fig.  2  shows  a  revolving 
pendulum  as  applied  to  a 
)  form  of  governor  much  used 
on  Corliss  engines.  For  the 
purpose  of  making  the  gov- 
ernor symmetrical  and  pre- 
venting the  bending  action 
on  the  spindle  that  would  result  from  the 
effect  of  a  single  weight,  two  balls  ^,  £  are 
used.  These  balls  are  suspended  from  the 
collar  Ci  that  is  fastened  to  and  rotates  with- 
the  spindle  S,  Links  I,  I  connect  the  arms  to 
which  the  balls  are  attached  to  a  collar  C, 
thatturns  freely  on  the  sleeve  U,  This  sleeve 
does  not  rotate,  but  is  free  to  slide  up  and 
down  on  the  spindle.  When  the  balls  fly 
outward  the  sleeve  is  pulled  upward  by  the 
links  I,  I  and  the  collar  C,.  This  motion  is 
transmitted  to  the  valve  gear  by  the  con- 
necting links  and  arms. 

To  prevent  sudden  fluctuations  of  the 
governor,  a  rod  JR,  operates  a  piston  in  a 
cylinder  filled  with  oil.  A  small  opening, 
either  through  the  piston  or  through  a 
passage  outside  of  the  cylinder,  connects 
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the  spaces  above  and  below  the  piston  in 
the  cylinder.  As  the  piston  moves  np  or 
down  in  the  cylinder,  the  oil  flows  from  one 
side  to  the  other  through  the  small  passage. 


XO 


Fig.  2 


By  regulating  the  size  of  the  opening  the 
rate  of  flow  of  the  oil  and,  in  consequence, 
the  rate  of  motion  of  the  piston  can  be 
regulated. 

From  what  has  been  said,  it  is  evident 
that  the  weights  of  a  centrifugal  governor 
can  change  their  position  with  respect  to 
the  axis  only  when  there  is  a  change  in 
their  speed  of  rotation;  it  is,  consequently, 
evident  that  such  a  governor  cannot  keep 
the  speed  of  an  engine  at  an  absolutely 
uniform  rate  under  all  loads.  For  example, 
consider  an  engine  with  a  throttling  gov- 
ernor: when  the  engine  is  running  'Might" 
— without  any  load— the  governor  valve  will 
be  opened  just  wide  enough  to  admit  the 
•team  required  to  overcome  the  frictional 
resistances  in  the  engine  and  keep  it  run- 
ning at  a  uniform  speed.  When  the  engine 
is  "loaded,"  the  valve  must  be  opened 
wider,  in  order  to  admit  the  steam  required 
to  do  the  extra  work.  This  variation  in  the 
opening  of  the  valve  can  be  accomplished 
only  by  a  change  in  the  position  of  the 
governor  weights,  and  this  change  can  take 
place  only  when  the  speed  of  the  engine 
changes.  For  some  purposes  a  considerable 
variation  in  speed  is  permissible,  but  in 
most  cases  it  is  desirable  to  keep  the  range 
between  the  speeds  at  no  load  and  full  load 
as  small  as  is  practicable;  for  example,  in 
electric  lighting,  a  total  range  in  speed  of 
4  per  cent  cannot  be  exceeded  without 
causing  a  disagreeable  flickering  in  the 
lights.    For  a  given  change  in  speed,  the 


change  in  position  of  the  weights  of  a  simple 
pendulum  governor  is  relatively  very  small, 
and  the  relative  change  decreases  rapidly 
as  the  speed  of  rotation  of  the  governor 
increases.  For  example,  with  a  total  varia- 
tion in  speed  of  4  per  cent,  the  theoretical 
variation  in  the  height  h  (see  Fig.  1)  of  a 
simple  revolving  pendulum  is  only  .57  inch 
when  the  weight  makes  50  revolutions  per 
minute,  and  at  200  revolutions  the  variation 
in  height  is  only  .035  in.  From  thie  it  ia 
evident  that  a  governor  of  this  type  is 
impracticable  for  high  speeds,  and  even  at 
low  speeds  the  range  in  motion  for  a  per- 
missible range  in  speed  is  so  small  that  it 
is  difficult  to  move  the  controlling  valve 
through  a  distance  great  enough  to  give  a 
satisfactory  range  in  opening. 

Anothier  defect  in  the  simple  pendulum 
governor  is  the  fact  that  gravity — ^the  force 
that  acts  in  opposition  to  the  centrifugal 
force  developed  by  the  rotation  of  the 
weights— is  too  small  to  quickly  overcome 
the  inertia  of  the  weights  when  there  is  a 
sudden  reduction  in  the  centrifugal  force. 
This  makes  the  action  of  the  governor  slow 
in  responding  to  a  sudden  decrease  in  load; 
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the  result  is  that  before  the  governor  can 
move  fiir  enough  to  open  the  valve  and 
admit  the  steam  required  for  the  greater 
load,  the  speed  of  the  engine  will  drop  con- 
siderably below  that  corresponding  to  the 
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load.  Any  attempt  to  make  the  goTernor 
act  more  promptly  by  increaaing  the  weights 
will  be  fhtile,  UDce  the  maas  whose  inertia 
moat  be  oyercome  ia  increaaed  in  the  same 
proportion  aa  the  increase  in  weight. 

The  weighted   pendolnm  goTemor,  alao 
called  the  Porter  governor  from  the  name  of 
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Pie. 


its  inventor,  ia  a  modification  of  the  aimple 
pendulum  governor  that  adda  greatly  to  the 
range  of  motion  of  the  centrifugal  weighta 
for  a  given  range  in  apeed.  In  thia  governor 
(aee  Fig.  3,  which  ahowa  the  form  in  which 
it  ia  applied  to  the  Porter-Allen  engine)  the 
centrifugal  weighta  are  amall  and  their  cen- 
trifugal force  ia  made  comparatively  great 
by  running  them  at  a  high  apeed.  In  addi- 
tion to  their  own  weight,  the  balla  mnat  lift 
a  large  weight  or  counterpoise  w  that  ia  free 
to  alide  up  and  down  on  the  apindle  r  and  is 
lifted  by  meana  of  the  linka  2, 1,  The  coun- 
terpoiae  w  revolvea  with  the  apindla  At  ita 
lower  end  it  is  fitted  with  a  collar  that  gives 
motion  to  the  lever  o  which  tranamita  the 
motion  to  the  gearing  that  operatea  the 
valve.  The  lever  o  carriea  a  weight  <  that 
can  be  a«ljueted  along  the  lever  ao  aa  to 
change  the  »peed  at  which  the  ergine  will 
run  by  a  amall  amount.  The  daahpot  d 
checka  any  tendency  of  the  governor  to 
fluctuate  too  rapidly.  The  governor  ia 
driven  by  a  belt  from  a  pulley  on  the  engine 
abaft  to  the  pulley  p  which  drivea  the 
apindle  r  by  meana  of  a  pair  of  bevel  gears. 


The  effect  of  the  counterpoise  is  to  add  to 
the  resistance  against  which  the  centrifugal 
force  developed  by  the  rotation  of  the  balls 
must  act,  without  changing  the  centrifugal 
force  itself,  as  would  be  the  case  if  extra 
weight  were  added  to  the  balls.  The  result 
is  that  the  balls  must  revolve  at  a  higher 
speed  in  order  to  develop  a  centrifugal  force 
great  enough  to  overcome  the  added  resist- 
ance. The  change  in  the  height  of  the  gov- 
ernor for  a  given  change  in  speed  of  rotation 
is  also  greatly  increased.  This  is  called 
inertanng  the  9eniUihene$$  of  the  gcvemor. 

Instead  of  the  counterpoise,  springs  are 
often  used  for  increasing  the  resistance 
opposing  the  centrifugal  force  of  the  re- 
volving weights  of  a  pendulum  governor. 
Fig.  4  shows  a  form  of  the  Qardner  throttling 
governor  with  a  helical  spring  endoeed  ia 
a  case  provided  with  a  hand  wheel  and 
screw  10  by  means  of  which  the  amount  of 
compression  of  the  spring,  and,  in  conse- 
quence, the  resistance  can  be  varied*    By 
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changing  the  compression  of  the  spring  the 
speed  of  the  engine  can  be  varied  through  a 
wide  ranga  The  spindle  and  fly  bAlls  are 
driven  through  the  bevel  gears  by  a  belt  on 
the  pulley  p.  As  the  balla  fly  outward  they 
force  the  apindle  ( downward;  thia  op 
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the  lever  I  and  compremes  the  spring,  which 
thna  acta  to  oppope  the  outward  motion  of 
the  balls.  The  motion  of  the  spindle  is 
transmitted  to  the  valve  by  means  of  the 
valve  stem  attached  to  the  lower  end  of  the 
spindle. 

The  extension  o  of  the  lever  I  provides  a 
means  of  attaching  a  cord  or  other  connec- 
tion by  means  of  which  the  speed  of  the 
engine  can  be  controlled  from  a  distance. 
This  device,  which  is  much  used  in  connection 
with  entwines  for  driving  saw  mills,  is  called 
a  sawyer's  lever. 

Fig.  5  shows  the  Pirkering  governor,  which 
has  three  fly  balls  attached  to  the  flat  springs 
4,  a.  In  this  governor  the  resisting  force  is 
furnished  almost  entirely  by  the  resistance  of 
the  springs,  and  is  but  little  affected  by  the 
weight  of  the  balls,  i^s  a  means  of  varying 
the  resistance  and  the  ppeed  of  the  engine, 
the  governor  is  provided  with  a  coil  spring  O 
wound  around  a  spindle  that  carries  the 
fork  t.  The  tension  of  the  spring  presses 
this  fork  upward  against  the  governor 
epindle,  and  thus  increases  the  resistance  in 
proportion  to  the  tension,  which  may  be 
regulated  by  the  worm-wheel  and  worm 
operated  by  the  hand  wheel  x. 

An  the  governor  balls  move  outward 
against  the  re6i»tance  of  the  springs,  they 
lower  the  valves  v  and  t/,  and  thus  partially 
ehut  off  the  steam  supply.  Steam  enters  at 
JT,  flows  in  the  direction  of  the  arrows  and 
then  through  the  opening  /  to  the  steam 
chest.  The  two  valves  v  and  t/  are  balanced; 
that  is,  the  pressure  on  the  top  of  one  is 
balanced  by  an  equal  pressure  on  the  lower 
fiide  of  the  other;  this  makes  the  resistance 
to  their  motion  very  small  and  makes  it 
possible  for  the  governor  to  handle  them 
easily. 

The  spring  of  the  spring-loaded  governor 
serves  nearly  the  same  purpose  as  the 
counterpoise  of  the  weighted-pendulum  gov- 
ernor. The  spring-loaded  governor,  there- 
fore, shares  with  the  weighted-pendulum 


governor  the  advantages  of  a  high  speed  of 
rotation  and  a  high  degree  of  sensitiveness. 
With  the  spring-loaded  governor,  however, 
the  force  opposing  the  centrifugal  effect  of 
the  fly  balls  can  be  made  as  great  as  is  desired 
without  the  necessity  of  introducing  a  heavy 
weight  whose  inertia  must  be  overcome  by 
comparatively  small  forces  before  the  gov- 
ernor can  respond  to  a  change  in  speed. 
Further,  after  the  weights  of  a  governor 
have  been  set  in  motion,  their  inertia  must 
be  overcome  before  they  can  be  brought  to 
rest  in  the  position  corresponding  to  the 
change  in  speed;  the  consequence  is  that  if  a 
heavy  weight  like  the  counterpoise  of  a 
weighted-pendulum  governor  is  used,  its 
inertia  tends  to  carry  the  governor  beyond 
the  correct  position  and  the  valve  is  opened 
or  dosed  more  than  enough  to  meet  the 
change  in  load.  This  results  in  a  change  in 
speed  that  carries  the  governor  in  the 
opposite  direction  and  a  series  of  fluctuations 
in  speed  and  governor  positions  known  as 
hunting  or  racing  are  set  u p.  A  dash  pot  tends 
to  obviate  this  trouble  by  introducing  a 
rssistance  that  prevents  the  parts  of  the 
governor  from  attaining  a  high  speed  and 
consequently  a  large  amount  of  energy  to  be 
overcome.  Such  a  resistance,  however,  while 
it  prevents  violent  fluctuations  and  hunting, 
makes  the  governor  slower  in  adjusting 
itself  to  a  change  in  load  and  so  reduces 
the  closeness  of  regulation  that  may  be 
obtained,  unlets  a  very  heavy  flywheel  is 
used.  With  the  comparatively  light  weights 
of  a  spring-loaded  governor,  the  momen- 
tum of  the  moving  parts  is  made  small  in 
proportion  to  the  forces  and  resistances  to 
be  overcome;  this  type  of  governor,  there- 
fore, responds  more  quickly  to  changes  in 
speed  and  is  much  less  subject  to  a  tendency 
to  hunt 

Another  advantage  of  the  spring-loaded 
governor  is  the  facility  with  which  the  speed 
of  the  engine  can  be  changed  by  changing 
the  tension  of  the  spring. 
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HOW  TO  SUCCEED  IN  PRIVATE  STUDIES 


T.  Sharper  Kno'wlson 
(AiOhor  0/  ''The  Art  qf  TMnkino") 


I.    A  Talk  About  Mbthodb  of  Work 


I  WELL  remember  the  time  when,  as  a 
youth  of  seventeen,  I  first  came  across 
that  famous  book,  Todd's  ''Student's 
Mannal."  So  keen  was  my  thirst  for  knowl- 
edge in  those  days  that  I  smile  now  to  think 
of  the  inteUectoal  rapture  whi<di  the  manual 
produced  in  my  ardent  mind.  I  began  to 
buy  such  books  as  my  small  means  would 
allow,  and  marked  them  with  the  Todd 
system  of  hieroglyphics.  I  tried  to  multi- 
ply my  ideaa,  with  painAil  regard  for  the 
author's  rules,  rising  to  meditate  at  an  early 
hour,  and  like  a  certain  Greek  philosopher, 
examining  my  thoughts  at  the  dose  of  the 
day. 

It  is  the  fiuihion  nowadays  to  sneer  at 
Todd  and  his  manual,  and  there  can  be  no 
doubt  that  in  many  respects  the  book  and 
its  writer  are  sadly  out  of  date.  At  the 
same  time  the  idea  is  good:  what  it  requires 
is  modemis^g.  Now,  one  of  the  chief  merits 
of  Todd's  manual  is  its  inculcation  of  the 
necessity  of  method  in  work.  We  may  look 
upon  him  as  an  old  fogy  and  his  system  as 
a  mass  of  conceit,  but  we  shall  never  get 
beyond. the  need  of  method.  ''Make  Uie 
most  of  time,"  says  Goethe,  "it  flies  so 
fiurt.  Yet  method  wiU  teach  you  to  win 
time."  Talleyrand  remarks,  "Methods  are 
the  masters  of  masters."  Hence  my  first 
suggestion  is: 

1.  Have  a  set  time  for  toork. 

It  is  not  the  slightest  use  kicking  against 
system  in  these  days  of  haste  and  hurry.  If 
you  want  to  get  on  you  will  have  to  work, 
and  if  your  work  is  to  be  a  success  it  must 
be  done  in  a  systematic  manner.  Think  for 
a  moment  of  the  great  business  concerns  of 
the  United  States.  Take  the  railroads  as  an 
example.  Could  they  do  without  a  time- 
table? Once  the  permanent  track  is  laid 
and  the<»rs  provided,  the  timetable  becomes 
the  very  textbook  of  railway  business.  The 
same  remarks  apply  to  those  hnge  stores 
which  call  forth  the  wonder  of  Europeans. 
I  hear  you  saying,  "But  I  have  so  little  time 
for  private  study."  Exactly;  all  the  more 
reason  why  you  should  carefully  map  out 
the  use  of  every  moment.  Have  you  two 
hours  a  day  for  the  study  of  engineering? 
or  mining?  or  journalism?  or  elocution? 
Then  form  your  plan  and  stick  io  it. 


2.  FoUow  thai  method  of  study  ^Meh  ex- 
perience  proves  to  be  best. 

When  I  was  at  college  there  were  some 
students  whom  we  called  "night  birds," 
because  they  could  always  do  more  work  in 
the  late  evening  than  in  the  early  morning. 
Speaking  for  myself,  I  always  found  the 
hours  before  7  a.  m.  the  best  for  study,  but 
all  men  are  not  built  the  same  way;  tiien 
are  a  good  many  who,  like  Charles  Lamb, 
do  not  care  to  rise  until  they  have  digested 
their  dreams  and  given  the  day  a  little  time 
in  which  to  get  "aired."  Each  man  is  a 
law  unto  himself. 

Method  not  only  has  an  element  of  time 
in  it,  but  it  has  to  do  with  the  way  of  carry- 
ing a  programme  of  study.  There  is  a  right 
way  and  a  wrong  way  of  doing  most  thingi 
^everybody  will  concede  that  But  there 
are  alao  individual  peculiarities  in  the 
habits  of  students  which  in  spite  of  repree- 
sion  persist  in  asserting  themselves.  We 
may  call  these  habits  the  personal  equation. 
One  man  cannot  read  unless  the  light  is 
direcUy  over  his  bead;  another  man  likes 
to  change  his  subjects  every  forty-five  min- 
utes; and  a  third  man  says  he  abominates 
electricity  in  the  evenings.  Well,  it  may 
be  a  pity  that  these  things  are  so;  and  that 
they  should  be  fought  against  need  hardly 
be  said;  but  there  they  are,  and  every 
student  must  follow  his  own  plan.  Do  not 
ape  anybody.  If  Zola  cannot  write  in  day- 
light, that  is  no  reason  why  you  should 
enlaige  your  gas  bill;  and  if  John  Fiske 
prefers  to  study  in  a  draft  there  is  no  justi- 
fication in  your  running  the  risk  of  catching 
cold. 

3.  Success  consists  largely  in  knowing  where 
io  find  the  right  books. 

Let  us  suppose  you  are  about  to  begin  the 
study  of  political  economy  in  particular  and 
social  questions  in  general.  You  go  to  the 
library  and  look  through  the  catalogue. 
There  are  a  good  number  of  books  on  these 
subjects  and  you  are  at  a  loss  to  know  which 
of  them  to  take  out.  The  librarian  is  per- 
haps away,  or  is  too  busy,  and  the  assistant 
is  not  always  an  authority.  What  are  you 
to  do?  You  are  to  become  acquainted  with 
the  fact  that  many  good  guides  to  reeding 
courses  exist,  and  that  if  you  consult  these 
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jon  will  save  your  time  as  well  aa  jonr 
patience.  To  begin  with,  there  it  Baldwin's 
"The  Book  Lover,"  a  uaefdl  little  manual 
containing  eonnd  advice  aa  to  books  dealing 
with  pure  literature.  Then  there  is  Bald- 
win's ''A  Guide  to  Systematic  Reading  of  the 
Encyclopaedia  Britannica/'  which  is  really  a 
fine  work — one  of  the  most  useful  that  could 
possibly  be  devised.  But  this  author's 
work  is  quite  insignificant  by  the  side  of 
Sonnenschein's  ''Best  Books,"  published  in 
two  volumes,  and  later  in  volumes  referring 
to  specific  subjects.  If  you  are  interested  in 
science  you  can  buy  the  section  set  apart  for 
that  subject  and  at  once  lay  your  hand  on 
the  best  books  for  your  purpose.  In  an  age 
like  this  such  an  advantage  is  nothing  short 
of  superlative.  So  to  come  back  to  the 
<Iuestion  before  us:  if  you  want  to  find  out 
the  best  books  in  economics,  go  at  once  to 
the  bibliographies,  consult  Baldwin,  consult 
Bowker  and  lies'  "  ReaJers'  Guide  to  Eco- 
nomics"— consult  them  all. 

Now  it  may  happen  that  the  latest  books 
{and  perhaps  the  best)  are  not  included  in 
these  guides.  What  then?  Well,  all  you 
have  to  do  is  to  pay  a  few  cents  a  month  for 
^  book  bulletin  and  note  the  volumes  whi<di 
Jure  likely  to  interest  you  by  blue  penciling 
the  title.  Should  you  meet  with  reviews, 
<cat  them  out  and  keep  them  by  you. 
Personally,  I  am  very  thankful  to  the 
reviewers,  for  they  have  saved  my  money 
by  giving  an  outline  of  the  book  under 
notice,  an  outline  which  decided  me  not  to 
bny.  Of  course,  the  reviewer  has  sometimes 
made  me  buy  when  I  was  hardly  ready  to 
do  so;  hence,  their  criticisms  cut  both  ways. 
Publishers  are  not  unwilling  to  send  you 
their  catalogues,  and  a  perusal  of  these  will 
keep  you  up  to  date.  My  shelves  groan 
under  the  weight  of  catalogues  from  the 
ancient  house  of  Murray  to  the  most  * 
modern  ventures  in  lonely  places  among  the 
States,  but  I  have  felt  the  value  they  have 
been  to  me  over  and  over  again.  As  a 
Britisher,  it  has  given  me  a  first-hand 
acquaintance  with  literary  impulses  all  over 
the  North  American  continent,  and  although 
my  friends  smile  at  my  Yankee  enthusiasm, 
I  venture  to  say  that  in  15  years'  time  no 
country  will  produce  better  works  of  criti- 
cism and  of  creative  genius  than  the  United 
States  of  America. 


4.  Do  not  detpise  notebooks^  and  let  your 
reading  he  topical. 

Jot  down  everything  that  is  likely  to  be 
useftd.  In  going  over  one  of  my  notebooks, 
filled  during  the  early  "nineties,"  I  have 
been  amazed  to  find  what  an  interesting 
document  it  is,  containing  as  it  does  notes 
on  every  conceivable  subject,  from  teleg- 
raphy to  the  nature  of  gossamer,  and  from 
an  oyster  to  an  archangel.  But  "interest- 
ing" is  not  the  word:  it  ought  to  be  "in- 
valuable." I  have  six  large  manuscript 
notebooks,  and  I  would  not  part  with  them 
for  a  thousand  dollars.  They  are  all  indexed 
according  to  subject,  author,  and  book  from 
which  the  note  is  taken,  so  that  I  can  turn 
up  a  quotation  at  a  moment's  notice.  These 
notebooks  form  the  concentrated  essence  of 
my  reading  for  ten  years.  Perhaps  I  ought 
to  apologise  for  writing  in  this  egoist  strain, 
but  I  do  so  of  set  purpose,  because  I  have 
found  that  I  learned  most  from  writers  who 
told  me  in  a  simple  way  the  story  of  their 
own  experience. 

Topical  reading  is  really  the  best  form  of 
study  nowadays.  You  can  never  hope  to 
know  more  than  one  subject  thoroughly,  so 
great  is  the  sphere  of  knowledge.  If  your 
subject  is  biology,  stick  to  it;  do  not  let  it  go. 
Worry  it  until  it  gives  you  its  secret  You 
will  get  far  more  respect  if  you  are  an  expert 
in  aomtthimg  than  if  you  are  a  smatterer  in 
everything.  Of  course,  you  will  read  in 
other  directions  for  the  sake  of  change,  and 
in  order  to  avoid  the  mental  catastrophe 
that  overtook  Darwin  through  a  one-sided 
devotion  to  science.  But  even  when  you 
read  "for  change,"  do  it  according  to  sys- 
tem. If  poetry  claims  your  attention,  do 
not  dip  into  Byron,  then  into  Browning, 
and  then  into  Blake;  take  one  poet  at  a 
time;  catch  his  spirit,  study  his  methods, 
contemplate  his  views  of  life. 

5.  Remember  the  vUal  importance  of  health. 
It  is  still  true  that  there  is  a  struggle  for 

life  and  the  weakest  go  to  the  wall.  Only 
the  fittest  survive  the  strain  of  our  heated 
civilization.  So,  my  young  friend,  leave  a 
margin  in  your  life  for  recreation.  Do  not 
begrudge  an  hour  on  the  cycle;  it  is  better 
than  an  hour  with  dyspepsia.  Keep  your 
body  sound  whatever  else  you  do,  or  your 
ambitions  will  die  at  their  birth  and  the 
flowers  of  life  will  turn  to  dust 
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ELECTRICAL  EQUIPMENTS 


Thoznas  H.  Cooper 

Thb  Installation  of  Bella,  Annunciatobs,  and  Busqlab  Alarms  in  the  Half-Timbessd 

Cottage — ^A  Wobd  of  Wabning 


THE  subject  of  this,  the  third  and  last 
article  on  the  electrical  work  in  the 
half- timbered  cottage,  is  one  that  will 
in  all  probability  be  even  more  interesting 
than  that  of  electric  lighting,  since,  no 
matter  where  the  cottage  is  built  or  whether 
or  not  it  is  provided  with  electric  lights, 
eyery  owner  will  surely  want  the  conye- 
nience  of  the  call  system  and  the  protection 
afforded  by  the  burglar-alarm  system  against 
the  visit  of  an  uninvited  guest  during  the 
night 

It  is  customary  to  slight  wiring  of  this 
nature  because,  owing  to  the  low  tension 
and  small  volume  of  the  current,  there  is  no 
inspection  of  it.  Any  wire,  any  batteries, 
any  fixtures  are  deemed  good  enough,  and, 
worse  than  all,  any  boy  or  cobbler  is  con- 
sidered capable  of  executing  the  work.  If 
they  do  not  succeed  in  executing  it  they 
certainly  do  succeed  in  murdering  it  We 
offer  an  earnest  word  of  warning  against 
these  false  ideas.  The  very  fact  that  a  low- 
tension  current  is  employed  is  sufficient 
reason  why  the  material  employed  should 
be  the  best  obtainable,  and,  above  all,  why 
the  work  should  be  done  by  an  experienced 
person;  otherwise,  the  work  will  always  be 
unsatiefiActory  and  the  burglar-alarm  system 
will  be  worse  than  useless,  because  the  occu- 
pants of  the  house  will  be  depending  on  a 
very  unreliable  agency.  Ignorance  and  false 
economy  in  this  particular  make  one  of  the 
mo^t  desirable  of  modem  improvements  a 
dangerous  and  temper-provoking  nuisance 
and  a  constant  source  of  expense  for  repairs. 
We  do  not  mean  that  it  is  necessary  to  go 
to  the  same  expense  here  as  in  the  lighting 
but  it  is  desirable  that  the  wires  should  be 
enveloped  in  a  tube  instead  of  being  con- 
cealed and  stapled  fast  so  that  they  cannot 
be  withdrawn  and  new  ones  inserted  in 
their  stead.  Since  the  wires  are  small 
in  cross-section  and  therefore  mechanically 
weak,  they  should  be  so  installed  that  an 
open  or  cross-circuit  can  be  located  readily 
and  repaired  without  tearing  up  the  floors 
and  channeling  the  walls.  The  expenditure 
of  a  few  extra  dollars  in  these  particulars  is 
a  good  investment.  The  best  way  to  install 
these  wires  is  to  place  them  in  pipes— either 
plain  iron  or  brass  or  iron-armored  conduit 


— ^but  as  this  entails  a  gr«at  deal  of  expense, 
we  shall  leave  it  out  of  our  calculations 
entirely,  as  we  are  generally  compelled  to 
do  in  practice,  and  endeavor  to  show  how 
the  work  can  be  done  at  small  expense  and 
still  be  satisfactory. 

Since  the  source  of  current  supply  is  the 
point  to  which  our  attention  is  first  directed 
when  trying  to  locate  trouble,  it  should  be 
the  first  in  our  calculations.  It  will,  in  this 
case,  consist  of  6  primary  batteries,  con- 
nected in  two  series  of  3  cells  each,  one  set 
to  supply  current  for  the  call  system  and 
the  other  for  the  burglar-alarm  system.  We 
can  use  either  so-called  dry  or  wet  cells  for 
the  batteries.  The  first  are  small,  clean,  and 
cheap,  but  their  life  is  short  and  recharging 
them  is  not  a  practical  proposition;  it  is 
therefore  better  to  use  good  wet  cells  of  long 
life  and  great  recuperative  power,  and  install 
them  in  a  cool,  dry  place.  The  best  place 
for  them  in  this  cottage  is  the  cellar,  where 
a  closet  with  a  door  and  two  shelves,  each 
large  enough  to  hold  one  set  of  cells,  may 
be  placed  on  brackets  at  some  convenient 
point  These  batteries  will  supply  current 
for  two  years,  provided  the  current  for 
which  they  were  designed  is  not  exceeded. 
When  they  show  signs  of  weakening,  which , 
is  apparent  in  the  feeble  ringing  of  the 
bells,  they  may  be  taken  apart,  all  parts 
washed  in  dean  warm  water,  the  zincs  and 
carbons  scraped,  4  ounces  of  sal  ammoniac 
put  in  each  jar,  the  jars  filled  to  the  water 
line  with  clean  cold  water,  and  the  elements 
replaced,  when  they  will  be  found  to  be  as 
good  as  ever. 

The  next  matter  to  receive  attention  is  the 
wire.  The  one  usually  used  has  an  insula- 
tion of  single  or  double  cotton  braid  soaked 
in  paraffin,  but  a  No.  18  B.  &  S.  gauge  copper 
wire  with  an  insulation  of  damp-proof  com- 
pound and  an  outer  braid  is  much  to  be 
preferred.  This  is  called  damp-proof  office 
wire,  and  the  cost  per  pound  is  the  same  as 
for  the  annunciator  wire,  but  the  weight  per 
foot  is  Imore,  on  account  of  the  additional 
insulation,  which  makes  it  more  costly. 

Two  annunciators  will  be  required.  The 
one  for  the  call  system  will  be  Uie  ordinary 
instrument,  with  a  case  to  match  the  trim  in 
the  kitchen,  in  which  it  will  be  placed.    The 
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one  for  the  bnrglar-alann  ajBtem  will  be 
equipped  with  two  switches  and  a  clock. 
The  clock  is  not  of  vital  importance,  bat  it 
is  installed  in  the  face  of  the  instrnment  so 
that  the  time  of  the  alann  can  be  ascertained 
readily;  it  also  operates  a  device  for  catting 
the  annunciator  out  of  service  at  a  given 
hour  in  the  morning,  so  that  the  servants 
can  open  the  house  without  disturbing  the 
sleeping  occupants.  One  switch  is  to  cut 
the  instrument  out  of  circuit  for  the  day,  so 
that  the  doors  and  windows  may  be  opened 
and  cloeed  at  will;  it  is  closed  at  night,  and 
if  any  door  or  window  has  been  carelessly 
left  open  it  will  indicate  which  one  it  is. 
The  second  switch  is  called  the  constant- 
ringing  switch,  and  if  any  drop  falls  when 
it  is  set,  the  bell  will  ring  until  the  switch  is 
opened  or  the  drop  reset  This  instrument 
does  not  require  any  extra  wiring,  as  the 
several  special  devices  are  wired  when  it  is 
built  In  choosing  these  annunciators,  take 
those  that  are  strongly  and  simply  made  and 
require  a  minimum  of  battery  power  to 
operate.  The  window  catches  and  door 
springs  should  be  strongly  made  to  resist 
wear,  and  be  positive  and  free  in  action  to 
insure  an  alarm  being  given  when  they  are 
disturbed.  All  bells  are  to  be  of  the  iron 
box  and  frame  pattern,  with  double  magnet 
coils  and  pivoted  armature  with  two  adjust- 
ments. The  platinum  breaking  contact 
should  be  generous  in  size  to  resist  the  burn- 
ing action  of  the  current. 

The  insulation  of  the  wires  for  the  battery 
lines  in  this  work  should  be  of  different 
colors  so  that  they  can  be  distinguished 
easily  at  all  outlets.  The  wiring  will  be 
done  when  the  floorbeams  and  partition 
studdings  are  in  place,  but  before  any  lath 
and  plaster  are  in.  Care  must  be  taken  to 
run  the  wires  in  such  a  manner  that  other 
mechanics  will  not  cut  or  disturb  them,  and 
they  must  be  kept  away  from  the  damp 
plaster  as  much  as  possible.  The  wires  are 
to  be  bunched  in  cables;  to  do  this,  run  all 
branches  to  a  convenient  central  point  on 
each  floor  and  there  form  them  into  cables 
by  binding  them  together  with  tape.  The 
outlets,  which  will  have  a  tape  cover  to  pre- 
vent abrasion  and  help  keep  out  moisture, 
are  brought  through  the  plaster  and  fastened 
with  a  staple.  Tape  should  always  be  used 
under  each  uninsulated  staple,  which  should 
not  be  driven  with  sufficient  force  to  cut  the 
insulation.  A  piece  of  board  should  be 
nailed  on  the  studs  back  of  the  lath  line,  to 
provide  a  backing  for  the  annunciators,  but- 
tons, bells,    etc.,  and   the  wires  brought 


through  these  and  fastened  so  that  they 
cannot  be  pushed  back  out  of  reach.  It  is 
preferable  to  carry  the  wires  through  holes 
in  the  floorbeams  rather  than  to  staple  them 
to  the  faces,  as  in  the  latter  position  they  are 
sure  to  be  injured.  In  making  taps  and 
splices,  care  must  be  taken  to  make  a  good 
contact.  Soldering  makes  the  best  joint, 
but  if  the  wires  are  cleaned  until  they  are 
bright,  tightly  twisted  together,  and  the 
joint  covered  with  tin  foil  and  well  taped, 
no  trouble  will  be  experienced. 

Care  must  be  exercised  to  place  the  door 
springs  at  a  point  on  the  jamb  where  the 
door  is  not  liable  to  spring,  as  this  would  be 
equivalent  to  opening  the  doors  as  far  as  the 
alarm  is  concerned.  The  best  place  for  the 
window  catches  is  at  a  point  on  the  case  where 
they  will  be  entirely  covered  by  the  sashes, 
the  sash  being  cut  out  the  length  of  the 
catch.  It  is  easier  to  set  them  just  above 
the  lower  sash,  but  the  gentlemen  of  the 
mask  have  been  known  to  display  a  fond- 
ness for  experimenting  with  these  flxtures, 
and  very  often  under  their  manipulation 
they  get  out  of  order  and  do  not  send  in  an 
alarm  when  the  sash  is  raised.  The  upper 
and  lower  sash  should  both  be  protected 
and  the  wires  run  in  a  pocket,  so  that  they 
will  not  be  broken  by  the  sash  weights  when 
traveling  up  and  down.  Have  the  wiree  at 
the  outlet  about  8  inches  long,  so  that  bad 
ends  may  be  cut  off  and  the  proper  connec- 
tions made.  When  connecting,  scrape  the 
insulation  from  the  wires,  so  that  they  are 
bright  and  clean,  and  clamp  them  firmly 
under  the  binding  screws.  Remember  that 
poor  and  imperfect  connections  mean  resist- 
ance, and  resistance  makes  more  work  for 
the  batteries. 

When  the  wiring  is  complete,  a  test  of  it 
should  be  made.  To  do  this,  connect  the 
batteries  and  attach  the  battery  leads;  con- 
nect a  bell  at  the  annunciator  outlet  by 
fastening  the  battery  wire  to  one  binding 
post  and  the  other  wires  to  the  other  bind- 
ing poets  in  succession.  Here  the  wisdom 
of  using  different  colored  wires  for  the  bat- 
tery lines  will  be  apparent  Now  close  the 
section  outlets  one  at  a  time;  the  bell  should 
ring  each  time  an  outlet  is  closed  on  the 
section  whose  annunciator  lead  is  connected 
to  the  bell.  This  operation  should  be 
repeated  until  all  sections  have  been  tested. 
If  the  bell  rings  with  the  outlet  ends  open, 
it  is  because  of  a  short  circuit  on  these  wires; 
if  the  bell  does  not  ring  at  all,  it  indicates 
that  there  is  an  open  circuit  or  that  the 
battery  leads  are  short-circuited,  which  will 
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be  indicated  by  a  spark  when  one  end  of  the 
battery  lead  is  loosened.  Many  other 
troubles  may  prevent  the  bell  from  ringing, 
bat  these  are  the  most  common  ones.  Each 
battery  lead  should  now  be  tested  with  a 
magneto  for  a  ground,  and  if  any  is  found  to 
exist  it  should  be  removed,  because  it  will 
**  pull  the  batteries  down.'' 

The  number  and  location  of  the  calls 
depend  largely  on  individual  tastes  and 
requirements.  The  arrangement  given  here 
can  be  changed  at  will.  It  will  certainly 
be  desirable  to  have  a  call  at  the  front  door, 
the  side  door,  the  door  to  the  bicycle  room, 
and  the  door  at  the  rear  of  the  house  to  the 
kitchen.  These  four  calls  can  be  calculated 
on  in  all  cases.  We  will  place  in  the  hall 
another  button,  which  will  be  appreciated 
when  it  is  desired  to  communicate  with  the 
kitchen,  for,  of  course,  it  is  intended  to 
have  the  front-door  button  act  on  a  bell  in 


the  hall  at  the  same  time  it  calls  in  the 
kitchen;  under  the  table  in  the  dining  room 
will  be  placed  a  floor  push  that  can  be  oper- 
ated by  the  foot  or  by  a  combination  con- 
sisting of  a  silk  cord  led  to  the  table  clamp 
and  button ;  another  button  in  the  parlor  will 
make  7  calls  for  the  first  floor.  The  second 
floor  will  have  4  calld,  one  in  each  bed  room 
and  one  in  the  bathroom.  This  will  be  a  total 


of  11  drops  for  the  kitchen  annunciator, 
which  will  have  12  drops,  one  unused,  and 
it  will  be  installed  at  the  side  of  the  locker 
at  a  height  from  the  floor  where  the  full 
fEice  can  be  seen  and  where  it  can  be  reached 
easily  to  reset  the  drops.  The  push  buttons 
will  be  set  at  points  designated  by  the  pros- 
pective occupants;  but  in  the  event  of  the 
placing  of  them  being  left  to  the  judgment 
of  the  wireman,  place  the  one  in  the  parlor 
near  the  trim  of  the  folding  doors  and  the 
one  in  the  hall  in  the  trim  of  the  outside 
door,  both  about  40  inches  from  the  floor; 
place  the  buttons  in  the  bed  rooms  in  such 
a  position  that  they  can  be  reached  with 
ease  by  a  person  unable  to  rise  from  the 
bed.  The  button  in  the  bathroom  should 
be  placed  at  the  side  of  the  door,  at  the  top 
of  the  wainscoting.  The  buttons  for  the 
outside  should  conform  in  material  and 
design  to  the  hardware  used  on  the  doors, 
f=?^t*d  and  for  the  inside  should  be 
made  of  the  same  wood  as  the 
trim.  In  the  hall  is  installed 
a  3-inch  bell,  connected  in  mul- 
tiple with  the  hall  drop.  By 
this  arrangement  the  bell  will 
ring  when  the  front-door  but- 
ton is  closed;  but  as  this  is  not 
desirable  at  night,  we  will  in- 
stall a  small,  neat  switch  at  a 
convenient  point  under  the  bell 
and  connect  it  in  such  a  way 
that  the  bell  can  be  cut  out  of 
circuit  and  the  current  diverted 
to  a  similar  bell  in  the  bed  room 
of  the  servant.  At  night,  the 
switch  is  set  to  ring  the  bell  up 
stairs  and  in  the  day  time  to 
ring  the  one  in  the  hall.  In 
the  front  bed  room,  alongside  of 
the  button  that  calls  in  the 
kitchen,  we  will  place  a  second 
button,  to  operate  another  bell 
in  the  servant's  room,  so  that 
the  mistress  can  call  her  during 
the  night  It  will  be  advisable 
to  have  these  bells  of  different 
tones,  to  avoid  confusion. 
Fig.  1  shows  clearly  the  wiring 
and  connections  for  the  whole  system:  A  is 
the  connecting  board  of  the  annunciator,  D 
and  E  the  bells  in  the  servant's  room,  C  the 
hall  bell,  Q  the  switch  by  which  the  bell  is 
cut  out  and  the  current  sent  to  the  b^  2>,  B 
the  button  in  the  bed  room  that  operates  bell 
-B,  and  i,  ^,  5,  4, 6, 6, 7, 8,  P,  10  are  the  other 
buttons. 
Having  completed  the  call  system,  we  will 
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now  take  up  that  of  the  burglar  alarm.  We 
can  have  every  door  and  window  indicate 
on  a  separate  drop,  but  aa  it  will  be  un- 
necessary to  go  to  such  an  ezpenire  for  so 
small  a  house  aa  thui»  we  will  divide  the 
floors  into  sections,  each  indicating  on  a 
separate  drop.  Section  1  will  be  the  cellar, 
including  all  the  doors  and  windows  enter- 
ing from  the  outside;  section  2,  the  diniug 
room  windows;  section  3,  the  front  door 
only,  for  the  reason  that  we  will  place  a 
switch  inside  the  door,  to  cut  in  and  out  the 
spring,  so  that  members  of  the  family  can 
enter  at  night  without  giving  an  alarm  and 
set  the  switch  after  getting  in;  section  4, 
the  door  to  the  bicycle  room  and  the  one  at 
the  head  of  the  cellar  stairs;  section  5,  the 
kitchen  windows  and  the  rear  door  and 
pantry  window.  On  the  second  floor,  sec- 
tion 1  will  be  the  windows  in  the  front  bed 
room;  section  2,  the  windows  in  the  second 
bed  room;  section  3,  the  windows  in  the 
storage  room  and  hall;  section  4,  the  win- 
dows in  the  rear  bathroom  and  rear  bed 
room.  The  third  floor  will  be  1  section, 
including  all  windows.  We  will  require, 
for  these  sections,  an  annunciator  with  11 
indications,  but  will  use  one  with  12,  allow- 
ing one  to  remain  blank.  The  sections  are 
arranged  with  the  idea  that  in  case  of  an 
alarm  the  person  answering  will  be  called 
to  a  point  fh>m  which  he  can  oonmiand  a 
view  of  every  entrance  protected  by  the 
section.  We  have  assumed  that  the  fiont 
chamber  will  be  the  one  occupied  by  the 
•  owner,  and  on  this  assumption  the  an- 
nunciator for  the  burglai^alarm  system  will 
be  set  in  the  closet  of  this  room. 

Fig.  2  is  a  diagram  of  the  wiring  and  con- 
nections for  this  system;  A  is  the  connecting 
board  of  the  annunciator;  B,  C,  A,  E,  JF*, 
G,  By  J,  and  /  are  the  window  and  door 
springs;  JTis  the  front-door  spring,  and  L  is 
the  switch  to  control  it  B^  B,  B^  B,  B  con- 
nected form  section  1,>C,  C,  C  form  section  2, 
etc  It  can  be  seen,  by  tracing  th^  wires 
from  the  battery  to 'the  annunciator,  which 
drop  will  fall  by  tHe'  closing  of  any  button 
or  spring,  and'  tiberefore  no  further  explana-* 
tion  will  be  necessary. 

By  recapitulation,  we  flnd  that  we  will 
require  the  following  material:  1  12-drop 
annunciator  for  the  call  system;  1  12-drop 
annunciator  for  the  burglar  system;  6  bat- 
tery cells,  3  for  each  system;  2  3-inch  bells, 
one  for  the  hall  and  one  for  the  servant's 
room;  1  sleigh  bell  for  the  servant's  room; 
1  2-point  switch  for  the  hall  bell;  1  1-point 
switch  for   the  hall  door;   1    combination 


floor  push  for  the  dining  room;  3  metal 
pushes  for  outside  doors;  7  wood  pushes  for 
the  several  rooms;  60  pounds  of  wire;  7 
door  springs,  2  for  the  cellar,  2  for  the  front 
doors,  1  each  for  the  bidycle  room,  kitchen, 
and  hall  door  from  the  cellar;  60  window 
springs,  6  for  the  cellar,  20  for  the  first 
floor,  22  for  the  second  floor,  and  12  for  the 
third  floor;  staples,  tape,  screws,  nails,  etc. 
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Fig.  2 

The  work  will  keep  a  man  and  helper 
busy  for  about  10  days.  The  cost  will  be 
from  |100  to  $125,  which  is  probably  one  of 
the  best  expenditures  of  money  that  can  be 
made  on  a  house  when  the  protection  and 
convenience  to  the  occupants  is  taken  into 
consideration.  These  two  systems,,  in  con- 
nection with  the  light  wiring  by  either  of 
the  two  methods  outlined  in  the  previous 
articles  on  the  subject,  will  give  us  a  cottage 
in  which  the  electrical  work  is  complete  and 
up  to  date. 

In  these  articles  the  aim  constantly  kept 
in  view  has  been  to  set  forth  the  facts  in 
such  a  manner  that  they  will  be  of  assistance 
to  the  prospective  owner  and  builder  in 
deciding  what  he  wants  and  in  seeing  that 
he  gets  it,  also  to  enable  the  wireman  to 
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give  it  to  him.  The  measare  of  aaccees  in 
these  particalars  most,  of  necesaity,  be  left 
to  the  jadgment  of  the  readers.  The  estU 
matea  of  cost,  io  all  art  idea,  are  necesaarily 
only  approximate,  since  they  are  baaed  on  the 


market  pricea  of  the  day.  The  eatimatea  of 
time  are  baaed  on  the  expeiience  of  the 
wiiter.  The  idea,  however,  haa  not  been 
to  give  abaolute  figuref,  bat  rather  to  give 
data  aa  a  baaia  for  futore  calcnlationa. 


HIGH  RAILROAD  SPEED 


Geo.  E.  Walsh 


Experiments  fob  Increasino  the  Rate  of  Travel — Sheathed  Trains — ^Friction  of  Ant 

ON  A  Train 


THE  limit  of  railroad  apeed  is  aomethinj; 
that  the  moat  conservative  acientiata 
and  practical  railroad  men  dare  not 
predict  Since  the  powerful  air-brakea  and 
block  aignala  have  rendered  the  high  apeed 
of  traina  a  comparatively  aafe  meana  of 
ordinary  traveling,  a  great  amount  of  sci- 
entific ingenuity  haa  been  concentrated 
upon  the  problem  of  further  increaaing  rapid 
tranait  without  going  outaide  of  tlie  bounda 
of  aafety.  The  many  imaginative  picturea 
and  predictiona  of  traina  flying  along  on 
tracka  overhead  and  underneath  ahow  the 
general  intereat  arouaed  on  thia  subject 
The  efforts  made  in  thia  country  and  in  Eng- 
land to  acquire  and  hold  the  title  to  the 
fastest  train  in  the  world  are  productive  of 
many  new  improvements  and  experiments. 
One  thing  scientist  a  and  railroad  men  have 
practically  agreed  upon  ia  that  preaent  apeed 
haa  almost  reached  a  limit  under  conditiona 
that  prevail  on  ordinary  roade,  and  that 


not  much  higher  recorda  can  be  made  with- 
out aome  spe.-ial  method  of  overcoming 
atmoepberic  reaistance.  A  train  moving  at 
the  rate  of  twenty  or  thirty  miles  an  hour 
doea  not  have  very  much  atmospheric 
reaistance  to  contend  with,  but  after  reach- 
ing a  forty-mile  limit  this  becomea  a  formid- 
able factor  in  the  problem.  Thia  haa  been 
most  forcibly  illustrated  in  recent  times  by 
the  experiments  with  bicycles.  A  mile  in 
two  minutes  is  a  good  record  for  the  unpaced 
bicyclist,  but  when  following  in  the  wake 
of  a  pacing  machine  the  distance  is  covered 
in  less  than  a  minute  and  a  third,  and  in 
the  wake  of  a  sheltering  locomotive  or  car  a 
mile  has  been  covered  in  a  trifle  over  fifty- 
seven  seconds.  So  strong  a  factor  doea  the 
atmoepberic  pressure  prove  that  the  padng 
machines  of  the  future  will  probably  be 
provided  with  air  shields,  which  will  curve 
outward  so  as  to  protect  the  bicyclist  from 
all  gusts  and  outside  currents  of  air. 


Sheathed  Train  on  the  Baltimore  and  Ohio  Railroad 
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Railroad  men  have  been  oonndering  this 
same  problem  in  trying  to  increase  the  t])eed 
of  their  fast  express  trains.  Numerous 
illustrations  have  been  made  showing  pecu- 
liar cigar-shaped  engines  and  cars  which 
would  offer  the  least  amount  of  friction  to 
the  air.  But  such  inventions  are  not  of 
practical  value  to  ordinary  railroads,  where 
the  rolling  stock  is  all  of  a  fixed  type  and 
cannot  be  radically  changed  except  at  a 
great  expense. 

A  series,  of  experiments  are  being  con- 
ducted on  the  Baltimore  and  Ohio  railroad 
that  will  probably  help  to  throw  new  light 
on  the  difficult  problem  of  atmospheric 
resistance.  Some  of  the  results  so  far  ob- 
tained show  that  a  remarkable  increase  in 
the  speed  of  fast  trains  may  be  obtained  on 
ordinary  roads  in  the  near  future  without 
materially  changing  the  type  or  form  of  the 
rolling  stock.  The  method  is  to  remove  all 
external  obstructions  from  the  train,  and  to 
sheathe  every  car  and  the  engine  so  that  a 
large  percentage  of  the  atmospheric  resist- 
ance is  removed.  The  roofs  and  ends  of  the 
cars  are  rounded,  and  the  sheathing,  instead 
of  being  perpendicular,  runs  lengthwise  of 
the  cars  and  from  the  roof  down  to  within 
eight  inches  of  the  track,  as  shown  in  the 
accompanying  illustrations.  A  smooth,  con- 
tinuous surface  is  thus  offered  to  the  wind 
and  air,  and  the  train  moves  through  it 
with  A  minimum  of  friction. 

According  to  the  theory  of  the  inventor 
of  the  sheathed  trains,  Mr.  Frederick  U. 
Adams,  who  is  conducting  the  experiments 


on  the  Baltimore  and  Ohio  tracks,  the  pres- 
sure of  the  atmosphere  is  the  greatest  resist- 
ance a  train  has  to  overcome  at  all  velocities 
exceeding  forty  miles  an  hour,  and  this 
friction  increases  steadily  as  the  square  of 
the  velocity.  The  train  with  which  the 
experiments  are  being  conducted  runs  be- 
tween Baltimore  and  Washington,  and  its 
total  weight  is  325,000  pounds,  exclusive  of 
the  engine  and  tender.  While  the  roadbed 
is  in  first-class  condition,  there  are  many 
curves  in  the  run,  but  in  spite  of  this  the 
speed  of  the  train  on  the  average  promises 
to  be  increased  from  seven  so  ten  miles  an 
hour  without  any  extra  large  locomotive. 
Heretofore  railroad  speed  has  been  obtained 
only  through  the  construction  of  larger  and 
more  powerful  engines;  but  the  sheathed 
trains  seem  to  indicate  that  smaller  engines 
and  direct  economy  in  the  fuel  will  be 
the  results  of  experiments  now  being  car- 
ried out.  Although  considerable  has  been 
printed  about  modern  fast  trains,  it  is  a 
noteworthy  fact  that  the  speed  has  not  been 
increased  more  than  four  to  six  miles  an 
hour  in  the  past  half  century,  and  to  double 
this  increase  by  eliminating  atmospheric 
resistance  would  be  a  remarkable  achieve- 
ment for  Yankee  brains  and  ingenuity. 

The  amount  of  friction  the  air  offers  to 
trains  moving  at  a  high  rate  of  speed  is 
tremendous,  and  can  best  be  expressed  in 
figures.  At  40  miles  an  hour  the  pressure 
is  8  pounds  to  the  square  foot,  at  75  miles  an 
hour  it  is  increased  to  28  pounds,  and  at  100 
miles  it  is  50  pounds.    This  means  that  an 
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ordinary  train  of  six  cars  offers  about  600 
square  feet  of  resistance  to  the  air,  and  at  a 
speed  of  60  miles  an  hour  it  would  require  a 
pull  of  10,800  pounds  on  the  part  of.  the 
engine  to  overcome  it.  According  to  this 
the  energy  of  the  engine  is  largely  absorbed 
in  overcoming  atmospheric  resistance,  and 
the   higher   the   speed   the  more  difficult 


becomes  the  labor.  The  new  experiments 
are  not  conducted  with  the  idea  of  elimina- 
ting atmospheric  resistance,  but  to  reduce  it 
to  a  comparatively  unimportant  factor.  If 
the  experiments  prove  successful  it  is  be- 
lieved that  on  the  same  principle  cars  can  be 
built  so  that  the  resisting  surfaces  will  be  re- 
duced some  80  to  90  per  cent. 


WHEEL  GUARDS 


Constructor 


SoMB  Points  That  Should  Be  Considbbed  in  Thbie  Design 


HOW  OFTEN  have  we  observed,  from  some 
vantage  point,  the  busy  street  beneath, 
surging  with  people  and  traffic.  It  is 
strange  if  at  such  a  time  we  have  not  com- 
pared the  black  moving  mass  confined  by 
the  high  banks  of  buildings  on  either  side 
with  a  sluggish  stream.  The  action,  too,  is 
that  of  flowing  water,  for  where  the  cross 
streets  intersect,  there  are  eddies  and  coun- 
ter-currents, and  the  change  of  direction  is 
not  accomplished  straightway,  but  by  easy 
turns. 
As  we  use  elbows  and  large  bends  in  a 


*Thk  Appkarancb  Is  Certainly  Not  Impboyed  by  the  Fubrowb  and 
OBoovEfl  Which  Time  awd  the  Wheels  Have  Wrought" 


pipe  line  to  minimize  the  loss  by  friction,  so 
we  make  the  corner  curb  a  quadrant  of  a 
circle  having  a  considerable  ndins.  Even 
then  it  will  be  noticed  by  those  who  are 
observant  that  the  edge  of  the  stone  is 
ground  and  scarred  by  the  wheels  of  trucks 
and  wagons  that  time  and  again  have  come 
in  collision  with  them. 

The  existence  of  a  curb  upon  any  street  is 
for  the  purpose  of  preventing  the  encroach- 
ment of  the  roadway  upon  the  pavement, 
and  it  acts  as  a  bulwark  or  breakwater  for 
buildings  erected  along  the  thoronghfiure, 
and  keeps  the  tide  of 
traffic  in  its  proper  chan- 
nel. Sometimes,  as  is 
frequently  the  case  in  the 
center  of  a  city,  there  are 
streets,  courts,  or  lanes 
that  have  been  neglected 
by  the  city  fiithers  to  such 
an  extent  that  they  can- 
not boast  of  a  pavement 
or  curb  of  any  kind,  and 
in  fiEust  are  too  narrow  in 
many  cases  to  permit  of 
such  a  convenience. 

The  comers  of  build- 
ings located  at  the  inter- 
section of  such  streets 
are  usually  damaged  con- 
siderably, being  furrowed 
or  broken  by  the  iron 
hubs  and  tires  of  tracks 
and  wagons  as  they  swing 
around  the  sharp  comers 
under  the  guidance  of 
their  reckless  drivers. 
The  stability  of  the  build- 
ing is,  of  course,  little 
impaired,  but  the  appear- 
ance is  certainly  not  im- 
proved by   the  furrows 
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"It  Should  Albo  Bk  Cut  Away  BuPFiaBKTLY  at  thk  Top  to  Allow  the 
Hubs  or  the  Wheels  to  Clear  It" 

and  grooves  which  time  and  the  wheels  have 
wrought  The  corner  of  a  brick  or  stone 
building  chewed  away  in  such  a  manner 
looks  sloyenly,  having,  as  it  does,  the  care- 
less appearance  of  a  dog-eared  book  or  a  shoe 
worn  down  at  the  heels,  and  it  tells  louder 
than  words  the  disregard  of  someone,  whether 
owner  or  architect,  for  the  little  details  that 
make  any  building  complete.  The  architect, 
in  his  practice  of  the  profession,  should  look 
after  just  such  small  affairs  as  the  guarding 
of  unprotected  comers  liable  to  defacement, 
and  to  provide  wheel  guards  of  iron  or  stone 
for  their  protection.  Almost  any  boulder  or 
rock  will  do  for  a  wheel  guard  when  white- 
washed and  placed  along  a  country  road  to 
guide  some  rustic  swain  or  sleepy  fisurmer 
between  the  fence  posts  of  his  lane. 

Where  the  comer  to  be  protected,  how- 


ever, is  that  of  a  building 
with  architectural  preten- 
sions, some  intelligence 
can  well  be  spent  upon 
the  design  of  the  guard. 
Since  it  stands  out  promi- 
nently from  the  building, 
it  should  be  sturdy  enough 
and  sufficiently  well  bond- 
ed into  the  wall  to  with- 
stand the  heavy  blows  to 
which  it  is  subjected.    As 
it  cannot  usually  be  built 
in  one  piece,  it  should  be 
divided    to   suit    the 
courses   of   masonry   or 
brickwork,  and  it  should 
also  be  cut   away  suffi- 
ciently at  the  top  to  allow 
the  hubs  of  the  wheels 
to  clear  it  when  the  tire 
of  the  wheel  scrapes 
around  the   base.     The 
height  of  the  hubs  being 
somewhat  varied,  care 
should  be  taken  to  de- 
sign the  stone  for  the  lowest  hub  usual  on 
the  wheels  of  tracks  or  wagons.    The  wheel 
guard  is  not  only  applicable  to  the  corners 
of  buildings,  but  should  be  used  in  connec- 
tion with  all  stone  or  brick  gate  poets  and 
jambs  of  doorways  through  which  necessity, 
requires  the  passage  of  vehicles.    They  may 
be  constructed  of  iron  or  stone,  but  should 
be  in  all  cases  very  stoutly  anchored.    Drive- 
ways into  stables  are  often  provided  with  a 
curb,  the  jambs  being  set  several  feet  away 
from  the  curb.    In  such  cases  it  is  not  neces- 
sary to  provide  wheel  guards,  as  the  curb 
answers  every  purpose. 

So  it  is  that  the  smallest  details  about  Any 
building  require  consideration,  and  it  is  the 
attention  the  successful  builder  gives  to  these 
details  that  makes  the  building  a  credit  to 
the  designer  and  owner  alike. 
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George  McC.  Robson,  M.  A. 


An  Easy  Method  of  Solving  Mathbmatical  Pboblescs — ^Application  to  Pboblkms  of 

CoNSTBUCriON  AND  OF  COMPUTATION 


THIS  is  the  age  of  labor-saviDg  machinery, 
and  any  inyention  that  accomplishes 
satisfactory  results  with  a  miuimom  of 
labor  is  sore  of  a  favorable  reception.  Among 
labor-sayiog  devices,  the  graphical  method  of 
solving  mathematical  problems  is  entitled  to 
a  high  place.  The  form  of  graphical  solu- 
tion which  employs  the  carve  of  errors  is  at 
once  so  simple  and  so  effective  that  it  cannot 
fail  to  be  usefal  to  any  person  who  can  make 
a  reasonably  accorate  drawing.    The  follow- 


FlQ.  1 

ing  examples  will  explain  the  use  of  the 
curve  of  errors. 

We  shall  first  apply  this  method  to  solve 
the  following  problem,  recently  sent  in  by  a 
subscriber.  In  Fig.  1 ,  X  F  Z  is  a  given  circle, 
and  A  and  B  are  given  points.  It  is  required 
to  find  a  point  P  on  the  circle  such  that  the 
lines  A  P  and  B  P  shall  be  equally  inclined 
to  TP  T',  the  tangent  at  P\  that  is,  it  is 
required  to  draw  A  P  and  BP  bo  that  the 
angles  TPA  and  B  P  T^  shall  be  equal. 
This  problem,  which  may  be  stated  in  a 
great  many  different  ways,  frequently  pre- 
sents itself  in  one  or  other  of  the  following 
forms:  (1)  To  describe  an  ellipse  having 
two  given  points  A  and  B  for  foci  and  touch- 
ing externally  a  given  circle  X  YZ.    This 


ellipse  will  touch  the  given  circle  at  the  point 
P  in  our  subscriber's  problem.  (2)  Being 
given  two  points  outside  of  a  convex  spher- 
ical mirror,  find  a  point  Pon  the  mirror  such 
that  a  ray  of  light  passing  from  ^  to  P  shall 
be  reflected  to  B.  Let  X  FZ  (Fig.  1)  be  the 
section  of  the  mirror  made  by  the  plane 
passing  through  A  and  B  and  through  the 
center  0  of  the  mirror;  then,  P  must  lie 
on  the  circle  XYZ;  hence  this  problem 
is  the  same  as  that  of  our  subecriber. 

Suppose  the  ra- 
dius OP  to  be 
drawn  and  pro- 
duced to  R;  then 
evidently  PR  bi- 
sects the  angle 
APB\  hence  the 
problem  is  to  find 
the  point  P  such 
that  the  radius  OP 
produced  shall 
bisect  the  angle 
APB. 

Take  any  point 
Pi  on  the  given 
circle;  draw  A  P,; 
draw  the  rmdiua 
OPi,  and  produce 
it  to  1^1.  Draw  the 
line  Pi  Bi  catting 
AB in  Bi and  such 
that  the  angles 
^P,/2,and/?iP,B, 
are  equal.  If  B^  coincides  with  B  the  prob- 
lem is  solved;  if  B,  does  not  coincide  with 
B,  the  error  in  the  length  AB^  ia  equal 
to  the  distance  B  Bi  which  is  the  differ- 
ence between  A  Bi  and  A  B.  This  error  is 
regarded  as  positive  or  negative  according 
as  ^  ^1  is  greater  or  less  than  A  B.  Take 
any  other  points  Pj,  Ps,  etc.  on  the  circle; 
draw  the  lines  ^P„  AP^,  etc.,  and  draw 
the  lines  P,  B„  P,  ^„  etc.  in  the  same  man- 
ner as  Pi^i  was  drawn.  If  any  of  the 
points  P„  B^t  etc.  coincides  with  B  the  prob- 
lem is  solved;  if  not,  proceed  as  follows: 

In  Fig.  2,  draw  any  base  line  QX;  on  QX 
take  QGi  =  AP^,  QO^  =  ^P„  Q0,=  ^P„ 
etc  Through  the  points  Gi,  6^„  (7„  etc 
draw  perpendiculars  to  the  base  line  QX 
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On  these  perpendicalRrB  lay  off  Gi  D^  =  BBi, 
OtD^=BBt,OiDi=BBt,eUi.  Tha8,each 
of  the  perpendiculars  Oi  A>  ^s  Ai  ^s  At  otc. 
ia  eqnal  to  the  coireepODding  error  in  Fig.  1. 
The  perpendiculars  G^iAt  ^tA»  ^sA»  ^tc. 
are  called  the  ordineUeB.  When  the  error  is 
positive^  the  ordinate  is  drawn  upward;  and 
the  ordinate  is  drawn  downward  when  the 
error  is  negative.  Now  draw  a  smooth  curve 
through  the  points  A>  A»  A)  A>  A)  A> 
and  A;  this  is  called  the 
curve  of  errors.    Let  the  curve 

of  errors  cut  the  base  line 

QX  in  the  point  O;  then,      ^  *" 

QO  IB  equal  to  the  required 

line  A  P.    A  circle  with  A  as 

center  and  radius  equal  to  Q  G  cuts  the  given 

circle  X  YZ  in  the  required  point  P.    The 

circle  with  A  as  center  and  radius  equal  to 

Q  O  will  generally  cut  the  given  circle  in  two 


tions  of  the  circle  whose  center  is  A  with  the 
given  circle  gives  a  solution  of  the  problem. 
The  preceding  is  a  good  example  of  the 
appliratio9  of  the  curve  of  errors  to  a 
problem  of  construction; 
we  shall  now  give  an 
example  of  the  use  of 
the  curve  of  errors  in 
a  problem  of  computa- 
tion. 


points,  but  usually  only  one  of  these  points 
gives  a  solution  of  the  problem.  In  Fig.  1, 
the  point  B  lies  between  A  ^^^  Ai  <^d  ^^' 
sequently  P  must  lie  between  P,  and  P^;  in 
this  case,  therefore,  only  one  of  the  intersec- 


FlG.  2 

The  lengths  of  the  lines  B  C, 
CA,  and  A  B  (Fig.  4)  are  known. 
From  any  point  P,  which  may  or 
may  not  be  in  the  plane  ABC, 
the  angles  B  P  C,  C  P  A,  and 
A  PB  are  observed.  It  is  known 
that  the  angles  ^PP  and  ^CP 
are  obtuse  and  that  the  angle 
CAP  iB  acute.  It  is  required  to 
find  the  lengths  of  the  lines  PA, 
PB,  and  PC,  If  P  is  in  the 
plane  ABC,  the  sum  of  the 
three  observed  angles  will  be 
360°,  or  the  sum  of  two  of  them 
wUl  be  equal  to  the  third.  The 
following  construction  is  for  the 
case  in  which  P  does  not  lie  in 
the  plane  ABC,  but  is  easily 
modified  to  suit  the  case  in  which 
P is  in  the  plane  ABC. 

Take  any  point  Pi  (Fig.  3)  and 
lay  off  the  angles  L  P^  M,  MP^  N, 
and  NPiO,  respectively,  equal 
to  the  observed  angles  APB, 
BPC,  and  CPA.  Draw  YZ  parallel  to  Pi  if 
and  at  a  distance  from  it  equal  to  the 
given  line  A  B,  Take  any  point  A  between 
Pi  and  Y,  and  assume  that  Pi  A  ^  equal  to 
PA,    With  A  AA  center  and  radius  equal  to 
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A  Bf  describe  a  circle.  Since  A  was  taken 
between  Pi  and  F,  this  circle  will  cut  the 
line  Pi  if  in  two  points  Mi  and  m,  and  either 
Pi  Ml  or  Pim  should  be  equal  to  PB. 
Since  the  angle  ABPia  obtuse,  we  must 


Fio.   4 

assume  that  Pi  Mi  is  equal  to  PB.  With 
Ml  as  center  and  radius  equal  to  B  C,  de- 
ecribe  a  circle  cutting  the  line  P^^  in  two 
points,  of  which  ^i  is  the  nearer  to  P^  Then 
Pi  Ni  should  be  equal  to  P  6.  With  ^i  as 
center  and  radius  equal  to  CA,  describe  a 
circle  cutting  Pi  0  ui  two  points,  of  which  Oi 
is  the  more  remote  from  Pi  (we  take  the 
point  more  remote  from  Pj  because  the  angle 
€A  P  is  acute) .  Then,  Pi  O,  should  be  equal 
to  P^,  and  therefore  Pi  Oi  should  be  equal 
to  PiXi.  With  Pi  as  center  and  radius 
equal  to  Pi  Oi,  describe  an  arc  of  a  circle 
•cutting  Pi  L  in  Ei.  If  Pi  Oi  were  equal  to 
PA  and  to  Pi  Li,  the  point  Ei  would  coin- 
•cide  with  the  point  Li,  Hence,  Xi  ^  is  the 
•error  due  to  the  assumption  that  Pi  Li  is 
•equal  to  P^ ;  this  error  is  pOsitiye  because  X| 
lies  between  Pi  and  ^^i ;  the  error  would  be 
negative  if  ifi  laj  between  Pi  and  Xj. 
Taking  other  points  X„  1^,  etc  on  Pi  L  we 
get  the  corresponding  errors  X,  E^,  L^  E^,  etc ; 
when  none  of  the  angles  ABP,  BCP,  and 
Oil  P  is  nearly  equal  to  a  right  angle,  we 
•can  easily  choose  the  points  X„  X^,  etc.  so 
that  some  of  the  errors  shall  be  positive  and 
some  negative.  Take  any  base  line  QX 
{Fig.  3  (a)];  lay  oflf  C(?„  <2G„  QC?,,  etc 
equal  to  P,Xi.  P,X|,  P,Xj,  etc;  lay  oflf  the 
ordinates  OiDi^  G',!),,  C^sA)  ^^m  respect- 
ively, equal  to  the  errors  Xi  ^i,  X,  JB^,  X,  £*„ 
•etc,  being  careful  to  draw  the  ordinate 
upward  for  a  positive  oror,  and  dovmward  for 
A  negative  error.    Draw  the  curve  of  enon 


through  the  points  D„  2>„  A»  etc,  and  let  it 
cut  the  base  line  in  the  point  O.  Then,  Q  O 
is  equal  to  PA,  and  the  length  of  P  ^  can  be 
found  by  measuring  Q  O.  When  the  length 
of  P^  is  known,  the  lengths  of  PB  and  P  C 
are  easily  found  by  the  construction  used  to 
determine  the  points  Ifi  and  Ni  in  Fig.  4. 

If  one  of  the  angles  ^^P,^CP,  and 
CAP  is  a  right  angle  it  is  impossible  to 
make  a  construction  giving  a  negative  error; 
in  this  case  the  curve  of  errors  approaches 
the  base  line  and  touches  it  at  the  point  Q, 
as  shown  in  Fig.  5,  but  the  curve  doee  not 
cut  the  axis.  If  any  of  the  angles  ABP^ 
B  CP,  and  CA  P  is  nearly  a  right  angle,  it 
requires  fine  drawing  to  get  a  negative  error; 
in  this  case,  as  in  the  case  in  which  one  of 
these  angles  is  exactly  a  right  angle,  the 
point  O  is  found  from  the  positive  erron 
alone  by  producing  the  curve  of  errors  to  cut 
the  base  line. 

Theoretically,  it  is  possible  to  determine  as 
many  points  as  we  please  on  the  curve  of 
errors;  and  the  greater  the  number  of  pointa 
determined,  the  greater  should  be  the  accu- 
racy of  the  result  In  practice,  however,  it 
is  not  advisable  to  determine  a  very  large 
number  of  points  on  the  curve  of  errwB,  for 
this  requires  a  correspondingly  large  num- 
ber of  lines  in  the  figuree,  and  when  the 
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figures  become  crowded  with  lines  it  is  diffi- 
cult to  determine  their  intersections  exactly. 
It  is  frequently  possible  to  obtain  two  con- 
structions which  give  nearly  equal  and  com- 
paratively small  errors  of  which  the  one  is 
positive  and  the  other  negative;  in  such  cases 
a  good  result  is  usually  obtained  by  locating 
the  two  corresponding  points  on  the  curve 
of  errors,  and  taking  the  straight  line  join- 
ing these  points  to  be  the  curve  of  errora. 
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STEAM  PIPE  FITTING 


Chas.  J.  Mason 


Thb  Tools  Used  in  Stbam  Fitting— Fittings  and  Theib  Ubbs — ^Methods  and  Sugges- 
tions FOR  Doing  Work 


EVERY  steam  plant  should  be  equipped 
with  a  full  set  of  pipe-fitting  tools,  and 
erery  engineer  should  have  a  knowl- 
edge of  the  use  of  these  tools,  as  the  oppor- 
tunities for  their  employment  will  be  many. 
There  is  nearly  always  a  necessity  for  renew- 
ing some  portion  of  the  piping  in  a  plant, 
and  as  time  goes  on  new  conditions  call  for 
changes  in  the  original  piping.  While  the 
engineer  in  charge  may  not  have  to  do  this 
work  himself,  he  may  be  called  on  to  design 
or  superintend  the  work,  but  even  if  he  is 
not  he  should  be  thoroughly  qualified  to 
oversee  the  details  from  the  beginning  of  the 
work  to  its  completion  and  to  make  the 
minor  changes  and  such  repairs  as  a  new 
joint,  replacing  a  leaky  nipple,  moving  a 
radiator  or  other  apparatus,  etc. 

It  is  the  intention  to  place  before  the 
readers  a  few  of  the  more  important  points 
concerning  pipe  fitting,  more  especially 
those  that  will  be  of  service  in  such  jobbing 
and  bench  work  as  engineers  should  be 
fiuniliar  with.  As  the  article  has  been 
written  for  the  benefit  of  those  inexpe- 
rienced in  this  line  of  work,  it  is  probable 
that  the  good  pipe  fitter  will  find  nothing 
new  in  it. 

The  tools  used  in  pipe  fitting  are  few, 
compared  with  those  used  in  some  of  the 
aUied  trades  in  the  engineering  profession. 
A  pipe-fitter's  box  is  equipped  with  a  num- 
ber of  dmilar  rather  than  different  hinds  of 
tools.  It  must  not  be  thought  that  the  skill 
and  judgment  called  for  is  in  proportion 
to  the  kinds  and  character  of  the  tools 
employed,  for  in  the  pipe-fitting  trade  as 
well  as  in  any  other  there  are  certain  prin- 
ciples to  be  understood,  certain  facts  to  be 
learned,  and  certain  methods  to  be  employed 
to  produce  the  desired  results.  Any  trade 
is  easily  learned  by  an  apt  scholar  who  uses 
his  reasoning  faculties  and  makes  a  study  of 
cause  and  effect.  The  mechanical  effort  is 
an  incident  rather  than  the  principal  equip- 
ment in  any  trade  or  occupation.  As  a 
proof  of  the  truth  of  this  statement,  we  may 
cite  the  case  of  a  man  filing  a  piece  of  metal 
in  a  vise.  Every  machinist  knows  from  his 
earliest  experience  that  it  is  a  hard  task  to 
file  a  surface  '*  straight."    It  is  only  after 


months  of  constant  practice  at  this  partic- 
ular work  that  he  can  accomplish  the 
desired  result  His  every  movement  is 
guided  by  the  intellect  and  the  sense  of 
touch  that  can  be  acquired  only  by  actually 
doing  that  particular  thing  for  a  certain 
period  of  time.  Now,  this  period  of  time  is 
not  always  the  same  for  all  men,  as  some 
become  proficient  earlier  than  others.  It 
may  be  stated  without  fear  of  contradiction 
that  the  man  who  gives  the  problem  some 
intellectual  consideration  will  the  earlier 
learn  the  art  of  properly  handling  a  file,  and 
for  this  reason  the  mechanical  movements 
are  secondary,  although  important 

A  thinking  man  will  readily  see  that  in 
order  to  file  a  surface  true  and  straight,  his 
arms  must  act  as  parallel  levers,  so  to  speak. 
This  is  almost  impossible  to  accomplish,  but 
he  learns  that  the  circular  movement  that 
his  arms  give  to  the  file  can  be  compensated 
for  by  choosing  a  file  with  a  **  belly  "  to  it— 
in  oUier  words,  one  that  is  slightly  bent— 
and  using  the  convex  side  to  file  with.  He 
will  further  find  that  by  changing  the  direc- 
tion of  the  file  occasionally  he  will  not  only 
make  the  work  easier,  but  his  imperfections 
will  be  truly  shown  up  by  the  appearance  of 
the  surface  he  is  working  on.  Such  practice 
as  this,  as  the  result  of  thought,  cannot  but 
make  a  man  expert  in  the  shortest  possible 
time. 

The  above  is  only  one  of  the  many  exam- 
ples that  might  be  cited  to  prove  that  thought 
is  the  principal  factor  in  any  mechanical 
work. 

But  to  return  to  our  subject:  The  tools 
used  in  pipe  fitting  are  as  follows:  A  pipe 
vise;  two  or  three  sizes  of  stocks  with  the 
accompanying  dies  for  cutting  the  threads 
on  the  various  pipes;  pipe  cutters  that  can 
take  in  all  the  sizes  of  pipe  from  i-inch  to 
2i-inch  (pipes  larger  than  2i-inch  are  usu- 
ally cut  and  threaded  in  a  pipe  machine); 
various  sizes  of  Stillson  wrenches,  from 
6-inch  to  48-inch;  chain  pipe  wrenches,  or 
tongs,  as  they  are  sometimes  called,  which 
are  used  on  the  larger  sizes  of  pipe;  a  full 
set  of  pipe  taps,  with  single  and  double- 
ended  wren<dies  to  suit  each  tap;  several 
sizes  of  monkey  wrenches;  and  chisels,  chisel 
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bars,  hand  hftmmen  and  sledge  hammera. 
One  other  inBtrument  yet  remains  to  be 
spoken  of— a  nipple  holder,  and  while  this 
is  simply  a  piece  of  pipe  with  a  ooapling 
screwed  on,  it  is  nevertheless  a  tool;  and 


PlQ.l 

last  bat  not  least,  we  can  add  a  squirt  oil 
•can  and  a  plumbago  (graphite)  pot  and 
brush. 

None  of  the  tools  mentioned  require  any 
•extenaiye  description.  There  are  several 
makes  of  pipe  dies  in  use,  but  they  are 
essentially  of  two  kinds:  the  solid  die, 
which  will  cut  a  standard  size,  and  the 
adjustable  die,  which  will  cut  a  thread  to 
auit  any  fitting  of  the  same  nominal  size  and 
number  of  threads  per  inch.  In  paseing,  it 
might  not  be  out  of  place  to  suggest  to  engi- 
neers the  desirability  of  fkmiliarizing  them- 
aelves  with  the  pitch  of  the  different  threads 
used  in  pipe  fitting.  How  many  of  them 
know  and  can  tell  offhand  how  many 
threads  per  inch  a  ^inch  pipe  tap  contains? 
It  is  not  absolutely  necessary  that  a  man 
should  know  the  pitch  of  threads  in  order 
to  turn  out  good  work,  nor  would  he  tap  a 
hole  any  better  if  he  did  know  them,  but 
we  are  inclined  to  have  more  confidence  in 
«  man  who  knows  what  his  tools  are  as  well 
as  what  they  can  do. 

As  a  nipple  holder  is  a  home-made  tool,  a 
description  of  how  to 
make  one  will  not  be  out 
of  place.  Cloie  nipples,  as 
they  are  called,  are  f^ 
quently  required  in  steam 
plants,  and  they  can  be 
procured  at  a  supply 
store,  but  in  an  emei^gency 
it  may  become  neceseary 
to  make  one.  It  can 
readily  be  seen  that  it  is 
imposBible  to  cut  a  dose 
nipple  using  only  the  die  and  stock,  because 
of  the  space  occupied  by  them  and  the 
length  of  pipe.  A  nipple  holder  permits  a 
very  short  nipple  to  be  made. 
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Let  us  assume  that  a  close  (-inch  nipple  is 
required.  This  will  be  from  1}  to  2  inches 
long,  and  we  will  require  a  holder  to  make 
it  in.  Take  a  piece  of  (-inch  iron  pipe,  sty 
from  8  to  10  inches  long,  cut  a  thread  on  one 
end  of  it,  and  then  file  this  end  fiat  and 
square  with  the  center  line  of  the  pipe,  jost 
as  though  it  had  been  faced  in  a  lathe.  Now 
take  a  ^-inch  coupling  (not  a  union)  and 
screw  it  on  the  pipe  as  tight  an  possible  with- 
out straining  the  threads.  The  unocmpied 
thread  in  the  coupling  is  more  than  sufficient 
to  admit  of  the  pipe  from  which  the  nipple 
is  to  be  cut  being  screwed  in  so  that  it  will 
bear  tight  against  the  filed  end  of  the  first 
pipe.  It  will  usually  be  found  necessary  to 
cut  off  a  piece  of  the  projecting  coupling, 
which  can  be  done  with  a  hack  saw,  and  the 
holder  wiU  then  be  ready  for  use. 

The  nipple  itself  is  made  from  as  short  a 
piece  of  pipe  as  can  be  cut  in  the  vise.  A 
thread  is  cut  in  the  ordinary  manner  on  the 
end  of  this  pipe,  which  is  then  screwed  into 
this  nipple  holder  until  it  "brings  up" 
against  the 
pipe  in  the 
coupling, 
when  the 
nipple  can  be 
cut  to  the 
required 
length,  the 
holder  being 
gripped  in 
the  vise.  I 
advocate  the 
use  of  the  hack  saw  instead  of  the  regular 
pipe  cutter  for  this  purpose,  especially 
on  the  smaller  pieces  of  pipe.  The  die 
may  be  entered  on  the  pipe — or,  rather, 
nipple  now— placing  in  the  die  stocks  a 
guide  bushing  that  will  easily  ride  over  the 
coupling,  which  will  be  one  size  larger  than 
that  for  the  pipe.  The  thread  can  now  be 
cut  until  the  die  just  touches  the  coupling, 
and  there  will  be  practically  no  blank  space 
between  the  threads  on  the  ends.  After  the 
die  has  been  backed  off  the  nipple  can  be 
removed  from  the  holder  by  unscrewing  it 
with  a  Stillson  wrench.  A  nipple  bolder 
should  be  made  for  each  size  of  pipe  that  is 
cut  and  threaded  by  hand. 

The  other  tools  mentioned  require  no  de- 
scription, and  we  can  now  consider  some  of 
the  methods  employed  in  pipe  work  in  the 
steam  plant 

In  order  to  obtain  a  smooth  and  dean 
thread  on  a  piece  of  pipe  it  has  been  found 
that  lard  oil  must  be  used  to  lubricate  the 
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die,  Mpedally  if  the  die  ie  much  worn;  with- 
oat  it,  a  drcidedly  nigged  thretd  will  reenlt 
It  will  be  neoeepary,  however,  to  thoroughly 
wipe  off  the  lard  oil  after  the  thread  hae  been 
cat,  for  thie  oU  carbonizes  under  heat,  and  it 
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would  then  be  impoenble  to  dieconnedt  the 
pipe  on  which  it  was  used.  Some  time  ago 
red  and  white  Inui  mixed  into  a  light  patty 
was  osed  when  it  was  the  intention  that  the 
pipes  should  not  l>e  taken  apart  again.  Red 
lead  makes  a  joint  that  seldom,  if  ever,  leaks, 
bat  it  is  possible  to  make  a  connection  with 
a  mixture  that  will  not  set  hard  and  fast 

A  paste  of  cylinder  oil  and  plombago  is 
an  excellent  mixture  to  apply 
to  the  threads  of  pipes  and  fit- 
tings.   If  the  threads  have  been 
properly  cut,  there  will  be  no 
need  to  depend  on  the  mixture 
for  a  tight  joint,  and  it  will  be 
foand  much  more  satisfactory  to 
be  able  to  remove  a  pipe  or  fixture  without 
being  obliged  to  sma^  an  ell>ow  or  tee.    It 
will  also  be  found  a  conyenience  to  screw 
joints  with  the  smallest  wrenches  that  can 
be  used,  as  an  opportunity  is  thus  afforded 
to  use  larger  sizes  in  unscrewing  them. 

In  making  up  a  piece  of  piping  in  which 
several  fittings  are  quite  close  together, 
tighten  each  fitting  by  itself;  do  not  follow 
the  common  practice  of  making  them  up 
loosely  at  first  and  then  tightening  all  to- 
gether by  applying  the  wrench  to  the  fitting 
the  farthest  from  the  main  connection,  as 
this  does  not  insure  tight  joints  and  the  inter- 
mediate fittings,  nipples,  etc. ,  are  unneces- 
sarily subjected  to  a  torsional  strain.    For 


the  same  reason,  when  connecting  a  globe 
▼alye  to  a  pipe,  apply  the  wrendi  to  the 
hexagonal  part  nearest  the  pipe. 

While  speaking  of  valves,  it  will  be  well  to 
mention  one  or  two  other  interesting  points 
about  them.  It  is  sometimes  impossible  to 
make  a  tight  joint  between  the  iron  pipe  and 
the  valve.  This  may  be  due  to  a  defective 
thread  in  the  valve  or  pipe  or  in  both,  or  it 
may  be  due  to  the  fact  that  the  brass  of 
which  the  valve  is  composed  expands  more 
than  the  iron  in  the  pipe.  The  writer  has 
met  with  success  in  overcoming  this  trouble 
by  heating  the  valve  and  then  screwing  it  on 
the  cold  pipe,  using  a  papte  of  graphite  and 
cylinder  oiL  This  method  may  be  tried  after 
it  has  been  found  impossible  to  otherwise 
make  a  tight  joint. 

The  better  kind  of  valves  usually  have 
removable  disks.  When  it  becomes  necea- 
aary  to  renew  a  di«k,  the  bonnet  must  be 
taken  out  first  In  replacing  the  bonnet^ 
tighten  it  only  sufiScient  to  prevent  leakage, 
for  it  may  be  found  necessary  to  remove  it 
again  sometime  in  the  future  and  it  may 
then  be  done  without  marring  it  or  twisting 
the  hexagon  out  of  shape. 

A  few  moments  devoUrd  to  a  consideration 
of  the  different  fittings  used  in  piping  and 
their  relative  positions  in  a  line  of  pipe  wiU 
not  be  wasted.  The  names  of  the  fittings 
are  as  follows:  Elbows;  forty-fives  (45''); 
tees;  plugs;  caps;  reducers  (or  bushings); 
nipples;  valvee;  unions  (with  ground,  per- 
ishable, and  flange  joints);  couplings  (redu- 
cing and  right  and  left);  crosses;  special  fit- 
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tings,  such  as  elbows  and  tees  of  a  nominal 
size  reduced  at  some  point  to  a  smaller  size 
to  avoid  the  use  of  inducers;  angle,  check, 
and  gate  valves,  and  plug  cocks;  locknuts. 
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Elbows  ftnd  tees  are  oaed  for  changing  the 
direction  of  ran  of  a  line  of  pipe.  Tees  are 
OBed  for  the  purpose  of  ranning  a  branch 
from  the  main  pipe,  and  they  are  sometimes 
osed  instead  of  elbows  by  inserting  a  plug 
in  the  anosed  opening,  which  admits  of  a 
branch  being  ran  at  some  fatare  time  shoald 
conditions  demand  it  Of  coarse,  it  is  as- 
samed  that  the  main  will  be  of  sufficient 
size  to  meet  all  possible  future  demands.  A 
plugged  tee  is  also  preferable  to  an  elbow  in 
the  smaller  sizes  of  water  pipe,  because  the 
pipe  can  more  readily  be  cleaned  out.  Cape 
are  screwed  on  the  end  of  a  pipe  for  the 
purpose  of  closing  the  end;  should  there  be 
a  fitting  of  any  kind  at  the  end,  a  plug  may 
be  used  to  close  the  outlet.  Reducers,  as 
the  name  implies,  serve  to  reduce  the  piping 
to  the  required  size;  they  have  an  outside 
thread  to  suit  a  fitting,  and  an  inside  thread 
for  a  smaller  pipe.  Nipples  are  short  pieces 
of  pipe  threaded  on  both  ends,  and  they  are 
used  to  make  a  close  connection  between 
fittings  or  valyee  in  places  where  space  is 
limited.  The  method  of  making  nipples  has 
abready  been  described. 

Valves  require  no  special  description.  In 
general,  it  is  desirable  to  have*  a  valve  at 
each  end  of  a  pipe,  for  in  some  cases  it  is 
necessary  to  shut  off  steam  from  both  direc* 
tions,  as  for  instance  when  the  piping  be- 
tween two  tanks  gives  out  By  closing  both 
valves  the  entire  pipe  can  be  taken  away 
without  disturbing  the  tanks.  There  are 
cases  where  more  than  two  valves  are  r^ 
quired,  but  two  is  the  least  number  that 
should  be  installed. 

Globe  valves  in  horizontal  pipes  should  be 
placed  so  that  the  stems  make  an  angle  of 
about  15  to  20  degrees  with  the  horizontal 
plane,  as  shown  in  Fig.  1;  this  is  done  so 
that  the  water  of  condensation  may  fiow 
unimpeded  in  the  desired  direction.  Valves 
are  usually  placed  so  that  the  stems  are 
upright,  which,  of  coarse,  looks  better,  but 
looks  should  be  sacrificed  for  the  more  im- 
portant consideration  referred  to.  If  the 
reader  will  remove  the  bonnet  from  a  globe 
valve  he  will  see  that  the  position  suggested 
will  be  the  nearest  approach  to  that  required 
for  the  object  in  view.  Strictly  speaking, 
the  best  position  for  the  stem  is  exactly 
horizontal,  but  the  conditions  must  govern 
in  this  matter.  Water  will  leak  more  read  ily 
than  steam  from  the  stuffingbox  of  the 
valve,  and  it  is  for  this  reason  only  that  I 
suggest  the  valve  stem  be  set  at  about  20 
degrees,  or  at  least  so  that  the  gland  nut  is 
above  the  possible  water  line  in  the  pipe. 


Another  well-known  fkct  that  will  bear 
repetition  is  that  the  valve  should  be  con- 
nected so  that  it  will  close  against  pressure; 
in  that  case  the  stem  may  be  repacked  whUe 
the  pipe  line  is  under  pressure. 

There  are  three  kinds  of  unions:  those 
with  ground  joints,  perishable  joints,  and 
fiange  joints.  The  ground-joint  union  is 
made  of  brass;  it  is  the  most  expensive,  but 
it  is  also  the  most  convenient.  The  perish- 
able-joint union  (which  is  of  the  same  design 
externally  as  the  one  first  mentioned)  I 
consider  a  nuisance,  and  mention  it  only 
because  it  is  in  existence.  The  fiange  joint 
makes  a  good  job  when  properly  made  up. 
The  fianges  should  be  faced  to  receive  the 
jointing  material  between  them,  and  I 
would  suggest,  when  time  and  circom- 
stances  permit,  scoring  with  a  V  tool  the 
fiause  of  each  fiange  with  one  or  two  small 
grooves  into  which  the  jointing  will  be 
squeezed  and  so  prevent  a  possible  blow-ont 

Flanges  are  screwed  on  pipes  by  using  a 
bar  and  two  bolts  or  pins  in  the  bolt  holes, 
as  shown  in  Fig.  2.  The  first  prooedurs 
when  cutting  the  jointing  material  which  is 
to  be  placed  between  the  fianges  is  to  cut 
out  the  center;  if  this  is  done  the  possibility 
of  making  a  ''blind  joint"  will  be  very 
remote.  Even  old  and  experienced  steam 
fitters  and  engineers  sometimes  forget  this 
important  point  The  bolt  holes  noay  be 
cut  out  next;  they  should  be  a  little  larger 
than  those  in  the  fianges,  so  that  the  bolts 
may  enter  easily  in  case  of  any  inequalities. 
In  making  a  joint  of  this  kind  in  dose 
quarters  where  the  pipes  do  not  meet  evenly 
and  trouble  is  Ukely  to  be  experienced,  I 
would  advise  using  bolts  a  size  smaller  thian 
those  originally  intended.  It  is  much  better 
to  use  hexagon  nuts  than  the  square  ones 
usually  furnished,  because  they  present  a 
better  appearance  and  in  limited  space  a 
wrench  can  be  used  to  better  advantage  in 
tightening  them.  It  has  been  found  that 
a  wrench  with  an  offiwt  of  90  degrees  (see 
Fig.  3)  is  the  most  efficient  By  altematdy 
changing  the  wrench  from  the  30-  to  the  fiO- 
degree  angle,  the  greatest  number  of  moves 
of  the  nut  can  be  obtained. 

Couplings  are  simply  connections  between 
lengths  of  pipe.  This  is  their  sole  fbnction, 
except  possibly  when  the  *' right  and  left" 
kind  are  used  as  unions.  Aside  frtxn  the 
question  of  cost,  it  is  desirable  to  have  mote 
unions  and  fewer  couplings  in  a  pipesystem* 

Crosees  are  used  where  two  outlets  from  a 
main  are  required  to  be  opposite  to  each 
other,  and  at  a  right  angle  to  the  main. 
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Another  use  for  the  cross  is  shown  in 
Fig.  4,  in  connection  with  a  boiler  water 
colomn.  Its  superiority  QTer  the  tee  fre- 
quently used  here  lies  in  the  fact  that  a  plug 
inserted  in  the  unused  opening  can  be 
removed  to  clean  out  the  pipe  when  occasion 
requires. 

Special  fittings  are  made  to  meet  the 
requirements  of  conditions  and  surround- 
ings. They  are  articles  of  convenience  and 
symmetry  more  than  of  necessity.  This  is 
not  said  to  discourage  their  use,  but  rather 
to  encourage  the  installment  of  reasonable 
apparatus  that  will  be  both  useful  and 
ornamentalT  There  are  many  places,  for 
instance,  where  the  use  of  a  45  degree  fitting 
will  present  a  better  appearance  than  an 
elbow  and  at  the  same  time  offer  less  resist- 
ance to  flow  than  an  elbow,  but  in  spite  of 
these  facts  elbows  are  more  generally  used. 

Angle  valves  also  serve  as  elbows,  thereby, 
dispensing  with  those  fittings.  Check-  valves 
are  used  to  admit  the  feed  water,  and  they 
also  prevent  its  return.  They  are  usually 
placed  near  the  boiler,  between  the  feed 
pump  or  its  equivalent  and  a  globe  or 
similar  valve.  It  is  placed  in  this  position 
because  of  the  importance  of  being  able  to 
disconnect  the  check-valve  while  the  boiler 
is  in  operation.  Gate  valves  differ  from  the 
flat  or  conical-seated  globe  valves  in  that 
there  is  an  unrestricted  flow  through  the 
former  when  they  are  wide  open.  Each  has 
its  advantages,  and  both  are  widely  used. 
Ordinary  plug  cocks  are  a  nuisance,  because 
it  is  always  hard  to  keep  them  tight,  and  if 
they  are  used  much  it  becomes  almost  an 
imposeibility.  The  only  place  where  an 
ordinary  plug  cock  can  be  used  to  advan- 


tage is  in  the  pipes  connecting  to  the  dial 
gauges;  here  they  present  a  neater  appear- 
ance than  a  valve  would,  and  as  it  is  not 
necessary  to  open  and  close  them  continu- 
ally, they  remain  tight  a  long  time. 

Locknuts  are  used  on  pipes  threaded  for  a 
greater  distance  than  is  required  for  ordinary 
fittings.  It  would  not  be  safe,  in  putting  a 
feed  pipe  in  a  boiler,  to  screw  the  pipe  int<» 
a  plate  that  was  thin  from  wear,  corrosion,  or 
otherwise;  the  pipe  is  then  screwed  in  untU 
it  extends  through  the  plate  and  a  locknut  is 
placed  on  the  inside  and  one  on  the  outside. 
If  locknuts  cannot  be  readily  purchased,  the 
hexagon  ends  of  an  old  globe  valve  may  be 
sawed  off  and  used  for  the  purpose.  The 
joint  between  the  nut  and  the  boiler  plate 
may  be  made  tight  by  winding  a  piece  of 
twine  or  lampwick  soaked  in  red-lead  paint 
around  the  pipe  close  to  the  plate  before  the 
nut  is  screwed  up  tight  against  it. 

All  the  fittings  in  the  pipe  system  of  a 
plant  should  be  of  the  best  quality,  and  the 
piping  should  be  extra  heavy  to  stand  the 
test  of  time  and  usage.  Water  pipes,  when 
of  commercial  wrought  iron,  should  be  gal- 
vanized. In  laying  out  a  line  of  piping  or 
in  replacing  a  portion  of  an  existing  line, 
the  measurements  should  be  taken  from 
center  to  center  of  the  various  fittings;  the 
allowance  for  the  threaded  part  of  the  pipe 
can  be  made  after  the  center-to-center  and 
overall  measurements  have  been  made  and 
before  the  pipe  is  cut  The  worker  will 
know  from  experience  jast  what  to  allow  for 
the  threaded  part  on  different  sizes  of  pipe. 
Fig.  5  gives  an  illustration  of  how  the 
measurements  on  a  pipe  system  are  made, 
and  will  serve  as  a  suggestion. 


THE  MICROBE  CRAZE 


PROFESSOR  NORTON  says:  Thereis  great 
danger  of  the  bacteriological  craze  land- 
ing its  devotees  in  a  quagmire  from  which 
extrication  will  be  difficult  if  not  impossi- 
ble without  loss  of  prestige.  The  earnest 
investigators  are  prone,  in  their  enthusi- 
asm, to  take  too  much  for  granted  (the  wish 
being  father  to  the  thought),  and  it  will  not 
be  at  all  surprising  to  find  that  many  steps 
will  have  to  be  retraced  and  many  ingenious 
and  promising  theories  aband  oned.  It  should 
be  borne  in  mind  that  microscopic  life  is,  in 
the  main,  beneficent  to  humanity;  that  the 


varieties  associated  with  disease  are  compar- 
atively few,  by  comparison  with  the  others; 
and  that  in  the  case  of  the  bacteria  definitely 
identified  with  specific  diseases,  it  has  never 
been  satisfactorily  demonstrated  that  they 
are  the  cause,  and  not  the  product,  in  such 
cases.  Although  some  facts  are  positively 
known  in  bacteriology,  yet  the  conclusions 
drawn  from  them  are  mainly  conjectural,  and 
it  is  not  at  all  unlikely  that  the  next  genera- 
tion will  see  the  present  teachings  thrown 
out,  and  a  general  recasting  of  theories. — 
Popular  Science  News. 
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William  Neubeeker 
Developing,  Forming,  and  Laying  the  Metallic  Covering  of  the  Dome 
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TE  MAY  now  asBame  that  the  framer 
baa  sheathed  the  dome,  pladDg  the 
wooden  ribs  in  |>oeition  as  shown  in 
Fig.  32,  and  it  remains  for  the  sheet-metal 
worker  to  get  out  and  lay  the  metallic  cover- 
ing. Patterns  for  the  several  sections  of  the 
dome  mast  first  be  obtained,  after  which 
31  duplicates  will  be  required  to  cover  the 
entire  surface. 

Fig.  32  shows  an  elevation  of  the  dome,  in 
which  AfB,Cf  and  D  designate  the  spaces 


1 


c 


ff-k 


4/ 


Fig.  82 
between  the  ribs  making  up  the  surface  of 
the  dome.    In  order  to  lay  out  the  patterns 
for  these  spaces,  draw  a  center  line  throuf^h 
the  section  A,  as  shown  by  EF  in  Fig.  32; 


divide  this  line  into  equal  spaces  as  desig- 
nated by  the  horizontal  lines  ab,cd,  ^S^qK 
ijf  and  kl.  These  lines  form  the  basis  of 
measurements  for  the  patterns.  In  order  to 
lay  out  the  patterns,  draw 
any  vertical  line  on  a  sheet 
of  metal  and  divide  it  into 
equal  lengths,  to  correspond 
to  the  divisions  laid  out  on 
the  line  ^i^  in  Fig.  32. 
Through  these  divisions 
draw  horizontal  lines  as 
shown  in  Fig.  33  ata&,  cd, 
ef,  etc.,  making  them  equal 
to  the  corresponding  lines  in' 
Fig.  32.  Through  these  lines 
trace  the  irregular  cuive  as 
represented,  adding  the 
necessary  laps  of  1  inch  upon 
each  side.  The  pattern 
A  B  CH  thus  obtained  will 
be  the  necessary  covering 
for  the  spaces  marked  C  and 
D  in  Fig  32;  sixteen  pieces 
of  this  pattern  will  be  re- 
quired. The  pattern  for  the 
pieces  at  the  comer 
of  the  octagon  will 
not  be  cut  square  at 
the  lower  end,  but  on 
an  angle,  as  shown  by 
the  shaded  portion  at 

2),  Fig.  33.  There  will,  con- 
sequently, be  required  sixteen 
pieces  of  metal  cut  from  the 
pattern  A  BCD,  eight  being 
used  right-handed  and  an  equal 
number  left-handed.  The  right- 
hand  piece  is  shown  at  A,  Fig. 
32.  The  laps  are  now  bent  up 
with  the  pliers  and  stretched 
with  the  stretching  hammer 
and  stake,in  order  to  give  them 
the  necessary  convex  form  of 
the  dome.  They  are  also  drawn 
inwaid  and  allowed  to  buckle 
somewhat,  for  the  concave  por- 
tion of  the  dome.  These  sections,  having 
been  stretched  and  buckled  to  the  im)per 
shape,  are  placed  in  position  between  the 
wooden  ribs  as  shown  in  Fig.  32,  and  the 
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l-inch  laps  well  dressed  against  the  ribs 
and  nailed.  The  laps  on  the  sheets  where 
they  fit  the  concave  portion  of  the  dome 
are  dressed  aotil  they  are  flat  or  over- 
lapped. At  the  top  of  the  dome,  as  shown 
at  M  in  Fig.  2,  a  flashing  is  placed  around 
the  entire  circumference,  over  which  the 
lantern  N  is  set,  while  at  the  bottom  the 
sheet-metal  covering  of  the  dome  is  soldered 
to  the  2-inch  lap  of  the  main  cornice. 

The  metal  ribs  can  be  made  either  of  sheet 
metal  or  sheet  lead.    If  the  job  is  of  galva- 
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nized  iron,  use  sheet  lead,  as  it  is  pliable 
and  works  itself  firmly  over  the  wooden 
ridges.  If  the  job  is  of  copper,  make  the 
ribs  of  18-oance  soft  copper.  Should  it  be 
necessary  to  make  the  ribs  of  galvanised 
iron  or  copper,  they  are  either  hammered 
by  machine  or  can  be  made  by  hand;  both 
methods  will  be  fully  described  in  connec- 
tion with  the  hand  and  hammer  work  for 
the  lantern  N  shown  in  Fig.  2.  Assuming 
that  lead  will  be  used  for  the  ribs,  take  a 


stretchout  of  the  material  necessary  to  cover 
the  rib,  and  the  number  of  feet  in  length 
required,  making  them  of  material  four  feet 
in  length.  Bend  these  pieces  of  metal  as 
shown  to  the  left  in  Fig.  34,  which  may  be 
accomplished  as  designated  in  the  right-hand 
portion  of  the  same  figure  where  ^  is  a 
straight  piece  of  wood  cut  to  the  semicir- 
cular form  of  the  rib,  and  B  a  metal  edge 
nailed  to  the  wood  and  turned  as  at  a  a. 
The  sheet  lead  for  the  covering  of  the  rib  is 
placed  in  the  groove  6  and  then  turned  over 


the  wooden  form.  In  order  to  give  the 
metal  covering  for  the  ribs  the  required 
bends  lengthwise,  two  wooden  forms  will  be 
required,  one  as  shown  at  (a)  and  the  other 


Fig.  86 

as  at  (&),  Fig.  35.  The  form  at  (a)  is  used 
for  the  upper  portion  of  the  rib  while  (6)  is 
required  to  form  the  lower  portion.  After 
all  of  the  metallic  ribs  are  formed  in  this 
manner,  they  are  put  over  the  wooden  rib, 
as  indicated  at  C,  C  in  Fig.  36,  and  nailed  as 
shown  with  1-inch  galvanized  wire  nails,  or 
secured  with  wood  screws  and  lead  washers. 
Oare  should  be  taken  not  to  drive  the  nails 
too  dose  to  the  roof  line,  or  a  leak  will 
occur.  As  the  dome  is  concave  and  convex, 
it  is  neoespary,  in  placing  the  metallic  cover- 
ing on  the  ribs,  to  start  at  the  bottom,  or 
concave  portion,  and  work  the  lead  over  the 
wooden  ribs  by  meansof  thedies(a)  and  (6), 
Fig.  35.    These  dies  are  made  of  maple,  hav- 


ing the  required  sweep  to  fit  the  curves  of 
the  dome,  the  profile  of  the  rib  being  gouged 
out  as  shown.  It  is  necessary  in  getting  out 
these  dies  to  see  that  sufficient  play  is  left 
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for  the  lead  or  copper  sheet  between  the 
groove  in  the  die  and  the  rib. 

The  next  feature  in  the  conetraction  of  the 
capola  which  reqairea  attention  ie  the  lan- 
tern N  shown  from  1/  to(/  in  Fig.  2.  This 
is  all  circular  work,  and  can  either  be  done 
by  hand  or   by   machine.    Although   the 


xir\/h^\r'^ 
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machine  work  is  the  most  modem  method, 
some  small  shops  are  not  equipped  with  the 
necessary  machinery,  and  if  work  of  this 
character  comes  to  them  it  will  be  necessary 
to  turn  it  out  by  hand.  It  is  first  required 
to  draw  a  full-size  detail  of  the  half  elevation 


of  the  lantern.  This  drawing  is  shown  in 
Fig.  38,  and  is  laid  out  in  the  usual  manner. 
As  the  roof  of  the  lantern  shown  at  ^  B  CD 
is  to  be  made  by 
hand  in  any  case, 
it  is  well  to  get 
out  the  pattern 
for  this  portion 
first.  When  de- 
veloping the 
blanks  for  the 
curved  moldings 
which  are  to  be 
raised  by  hand, 
care  should  be 
taken  to  obtain 
the  correct 
amount  of  iron 
or  other  metal 
required,  so  that 
when  the  ends  of 
the  patterns  are 
riveted  together 
and  hammered  to 
their  true  profile, 
the  diameters  of  / 
the  top  and  hot-  |/ 
tom  will  be  of  the 
size  first  determined  upon.  Fig.  37  is  the 
development  of  a  cove  molding,  and  the 
principles  therein  shown  should  be  applied 
to  any  form  of  mold  raised  by  hand.  This 
figure  shows  the  plan  and  elevation  of  a 
molding  formed  bj  stretching,  in  which  AS 
is  the  center  line,  CD  E  F  the  elevation,  and 
QHJK  the  plan.  Care  should  be  taken 
when  averaging  the  cover  T  Fto  draw  the 
line  L  iV  at  such  an  angle  that  the  mold  can 
be  stretched  or  raised  with  the  least  amount 
of  work.  To  average  the  mold  shown  in 
Fig.  37  so  that  it  may  be  worked  to  the  best 
advantage,  connect  the  extreme  ends  of  the 
cove  by  the  dotted  line  T  7,  and  bisect  the 
cove,  thus  obtaining  the  point  0.  Through 
this  point  draw  the  line  L  M  parallel  to  T  F 
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(a) 


l^ 


(b)         FiQ 


Fio.  40 

extending  it  until  it  intersects  the  center 
line  ABtXN,  From  the  point  0  lay  oflf  on 
the  line  L  if  the  stretchout  of  the  two  halves 
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of  the  00T6  0  T  and  0  F,  as  ehown  by  0  if 
and  OL,  When  stretching  the  metal  blank, 
the  point  0  remains  stationary  while  L  and 
if  will  be  stretched  until  they  meet  at  Fand 
T,  the  amount  of  hammering  required  being 
equal  on  both  sides.  From  the  point  0  in 
the  elevation  draw  the  line  0  P  parallel  to 
A  B  until  it  intersects  the  line  A  Bin  plan  at 
P.  With  ^  as  a  center  and  ^i  P  as  a  radius, 
describe  the  arc  PR,  dividing  it  into  equal 
spaces,  as  shown  from  i  to  5.  With  the 
point  N  in  the  elevation  as  a  center,  and 
radii  equal  to  NM  and  NL,  describe  arcs 
LJ^  and  MK\  From  iV^draw  any  line,  as 
NH\  cutting  the  two  arcs  just  drawn  at 
0'H\  With  iV^as  a  center  and  NO  as  a 
radius,  describe  the  dotted  arc  O  R\  cutting 
the  radial  line  NH^  at  i^.  Measuring  from 
1^,  set  off  six  spaces  equal  to  the  six  spaces 
shown  on  the  corresponding  line  in  the  plan, 
as  designated  from  P'  io  Wm  the  pattern. 
From  R'  jost  obtained,  draw  a  line  to  the 
center  N,  cutting  the  inner  arc  at  JT^,  and 
extend  the  line  until  it  cuts  the  outer  arc  at 
J\  Then  will  G^  W  J'  K'  be  the  one-quar- 
ter pattern  for  the  cove  molding. 

The  foregoing  rule  is  applicable  to  all 
shapes  and  molds,  and  the  method  is  used 
for  determining  all  of  the  patterns  required 
for  the  moldings  in  Fig.  38.  In  order  to 
make  this  method  clear,  the  development 
for  the  blanks  A^  B,  C,  and  B  in  Fig.  38  will 
be  laid  out.  In 'order  to  develop  the  blank 
A  in  Fig.  38,  extend  the  flaring  line  until  it 
intersects  the  center  line  of  the  figure  at  /; 
then  /  is  the  center  from  which  the  blank 
A  is  struck.  The  mold  B  CD  would  neces- 
sarily be  divided  into  three  sections  to  admit 
it  being  raised  or  stretched  with  the  least 
amount  of  work;  therefore  a  seam  would  be 
placed  at  i  and  j.  This  mold  is  averaged  as 
explained  in  connection  with  Fig.  38,  the 
average  lines  for  the  different  portions  of 


the  molds  B  and  D  intersecting  the  center 
line  of  the  figure  at  h  and  k,  respectively, 
while  the  average  line  for  C  intersects  the 
center  line  outside  of  the  figure.  Then  using 
h  and  k  as  centers,  the  blanks  or  patterns 
for  B  and  D  may  be  struck,  allowing,  of 
course,  the  necessary  laps  for  setting  the 
work  together.  Assuming  that  the  patterns 
have  been  joined  at  the  ends,  B  would  be 
raised  on  the  lead  block  with  a  raising 
hammer,  while  D  would  be  stretched  on  the 
blowhom  stake  with  a  stretching  hammer. 
The  center  section  C  would  be  slightly  raised 
or  drawn  in  at  the  top  to  meet  B,  while  the 
bottom  would  be  stretched  or  drawn  outward 
to  meet  A  the  joints  being  made  as  indi- 
cated in  Fig.  39,  by  1, 2,  S,  4,  5,  and  6,  parts 
AfBf  C,  and  D  corresponding  to  the  parts 
similarly  marked  in  Fig.  38.  In  Fig.  39  the 
flange  at  the  top  marked  1  is  soldered  against 
the  bottom  of  the  base  of  the  crocs,  while 
the  flange  designated  as  ;?  is  joined  to  the 
narrow  straight  strip  h  made  the  required 
height  Part  B  of  the  mold  has  a  flange  at 
S  which  is  soldered  to  6,  and  the  portions  of 
the  mold  C  and  D  are  joined  at  4  and  5.  A 
flange  is  allowed  at  6,  which  is  soldered  to 
the  upper  portion  of  the  crown  mold.  It 
will  be  noticed  that  all  flanges  are  placed  in 
such  positions  that  water  will  flow  over  the 
seams,  not  against  them,  thus  avoiding  leaks. 
In  (a)  Fig.  40,  is  shown  a  lead  block  having 
circular  hollows  of  the  required  size,  on 
which  the  molds  are  raised  by  means  of 
various  sized  hammers  of  the  style  shown  at 
(b).  At  (c)  in  the  same  figure  is  shown  a 
stretching  hammer,  by  means  of  which  a 
mold  may  be  stretched  on  a  blowhom  or 
mandrel  stake.  Sometimes  in  place  o(  a 
lead  block  a  piece  of  timber  is  used  to  raise 
the  work  upon.  The  top  of  the  timber 
should  be  about  30  inches  from  the  ground 
and  should  be  15  inches  square  or  round. 
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Its  PscuLiARiTiiBa— Ths  Damage  It  Oaubbb-— Do  Lightning  Rods  Pbotkct?— Sous  Ponm 

TO  Bb  ObSBBYXD  in  THB  ESBCnON  OF  RODB 


NERVOUS  people,  and  many  of  those  not 
so  sensitively  organised,  experience 
both  physical  and  mental  depression 
just  previous  to  the  occurrenoe  of  a  thonder 
shower  in  their  locality.  This  depression, 
whether  it  is  cansed  by  a  nataral  antipathy, 
the  varying  electrical  potential,  or  the  un- 
settled atmospheric  conditions,  amoonts  in 
some  cases  to  fear  as  the  storm  progresses. 
Popular  remedies,  originating  no  one  knows 
where,  were  proposed  as  an  antidote,  or 
life  preserver,  for  such  timid  people,  and  it 
was  claimed  that  if  these  were  followed  they 
would  insure  immunity  from  lightning. 
Many  of  these  popular  theories  have  melted 
away  in  the  strong  light  of  scientific  in- 
Testigation,  backed  by  carefully  compiled 
statistics.  Old  ladies,  or  young,  for  that 
matter,  can  no  longer  feel  secure  from  the 
dreaded  lightning  stroke  when  snugly 
ensconced  in  a  feather  bed;  nor  can  glass 
an  eighth  of  an  inch  in  thickness  be  regarded 
as  good  insulation  against  a  current  that  has 
cleaved  its  way  through  a  thousand  feet  of 
air;  and  the  statement  that  lightning  never 
strikes  twice  in  the  same  place  cannot  be 
considered  as  true  in  any  degree,  for  the 
only  thing  that  would  prevent  it  from  doing 
so  is  the  fsct  that  there  is  seldom  much  left 
of  an  objtfct  once  struck. 

The  cause  of  lightning  is  generally  said  to 
be  a  discharge  of  electricity  from  the  clouds 
to  the  earth,  and  its  action,  which  has  been 
compared  with  that  of  an  avalanche,  seems 
to  be  a  sudden  discharge  of  an  accumulation 
of  energy;  it  might  be  considered  analogous 
to  a  cloudburst  by  regarding  the  difference 
in  pressure  as  the  force  of  gravity,  the  cloud 
as  the  reservoir,  and  the  current,  or  lightning 
stroke,  as  the  water.  That  lightning  does 
considerable  damage  both  to  life  and  property 
is  well  known,  and  though  the  statistics  on 
the  subject  have  been  difficult  to  gather,  they 
are  reasonably  correct  and  give  figures  that 
are  startling  at  least.  In  the  United  States, 
during  four  years  beginning  with  1890,  784 
lives  were  lost,  or  an  average  of  196  per 
year,  which  is  practically  one  person  in  every 
400,000.  This  loss  of  life  mostly  occurs  be- 
tween AprU  and  September,  but  principally 


during  the  summer  months.  The  property 
lost  firom  fire  caused  by  lightning,  as  gleaned 
from  the  insurance  companies,  fire  depart- 
ments, and  newspapers,  is  hardly  less  sur- 
prising, for  the  total  loss  in  this  ooontry 
during  eight  years  previous  to  1892  amounted 
to  over  112,000,000. 

Before  the  great  liability  to  loss  through 
fire  caused  by  lightning  and  the  efficiency 
of  properly  constructed  lightning  rods  had 
been  conclusively  proven,' Sir  William  Thom- 
son, while  addressing  a  meeting  of  the 
British  Association  for  the  Advancement  of 
Science,  said:  ''If  I  urge  Glasgow  manu- 
facturers to  put  up  lightning  rods  they  say 
it  is  cheaper  to  insure  than  to  do  so."  It 
would  seem  that  the  Glasgow  manufacturers 
rather  stood  in  their  own  light,  since,  in 
view  of  recently  ascertained  facts,  there  is 
no  doubt  that,  when  struck,  buildings 
properly  protected  with  lightning  conduce 
tors  suffer  very  little  damage  in  comparison 
with  those  not  so  protected.  That  the 
placing  of  numerous  lightning  rods  on  any 
building  will  prevent  it  from  being  struck 
can  hardly  be  conceded,  but  they  oertunly 
provide  an  easy  path  to  the  ground  for  the 
energy  generated  and  tend  to  dissipate  it  in 
such  a  way  that  serious  damage  seldom 
results,  where  the  lightning  protection  has 
been  intelligently  installed. 

It  has  been  a  much  mooted  question  as  to 
whether  the  lightning  rod  should  have  a 
large  sectional  area  or  whether  the  section 
can  be  disregarded  as  long  as  ample  surftos 
is  provided.  For  the  direct  current  the 
section  and  material  of  the  conductor  are 
the  &ctors  that  determine  the  resistance, 
but,  after  extensive  experiments,  the 
authorities  agree  that  where  the  current 
is  oscillatory,  or  alternating— that  is,  where 
it  reverses  many  times  a  second— it  travds 
on  the  surface  of  the  conduf*tor  and  never 
penetrates  to  the  center.  Lightning  belongs 
ing  to  this  latter  class  of  electrical  energy 
requires  conductors  having  a  large  surface^ 
and  for  this  reason  a  strip  of  metal  is  con- 
siderably more  efficient  than  a  solid  round 
bar  of  the  same  section. 

The  following  amusing  story  related  in 
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the  report  of  the  Lightning-Rod  Conference 
held  in  England  some  years  ego  will  illns- 
tmte  the  differences  of  opinion  of  really 
great  men  on  this  subject  until  the  high 
alternating  cnrrents  of  today  settled  the  ques- 
tion condusiyely:  An  old  British  admiral 
wae  called  on  to  approve  some  specification 
for  a  lightning  conductor  to  be  used  on  a 
certain  lighthouse.  He  was  a  believer  in 
the  "  surface  "  theory  of  Harris,  but  thought 
he  would  consult  his  friend  Faraday.  Far- 
aday, who  saw  only  the  question  of  con- 
ductivity in  the  problem,  said  very  posi- 
tively that  the  solid  rod  wai^  better  than  the 
tube  (which  gives  greater  surface  with  lees 
copper),  and  that  solid  volume  was  every- 
thing, superficial  area  nothing.  Moreover, 
'Mf  Harris  says  otherwise,  then  he  knows 
nothing  about  it"  The  admiral  straight- 
way approved  the  solid-rod  conductor  for 
the  lighthouse.  Within  two  or  three  days 
he  met  Harris,  and  bringing  up  the  ques- 
tion was  told  by  Harris,  ''Surface  area  is 
most  important,  and  if  Faraday  says  other- 
wise, then  he  knows  nothing  whatever 
about  it  I" 

All  of  the  information  regarding  the  con- 
struction and  erection  of  rods  for  the  pro- 
tection of  buildings  from  fire  and  serious 
damsge  likely  to  occur  from  a  lightning 
stroke,  together  with  a  probable  means  of 
saving  a  person  struck  by  lightning,  has  been 
gathered  by  Alexander  McAdie  and  issued 
for  the  benefit  of  the  public  by  the  United 
States  Weather  Bureau,  substantially  as  fol- 
lows: 

All  barns  and  exposed  buildings  should 
have  lightning  rods.  Ordinary  dwelling 
houses  in  city  blocks  have  not  the  need  for 
rods  that  scattered  houses  in  the  country, 
and  especially  those  on  hillsides,  have. 

Use  a  good  iron  or  copper  conductor;  if 
the  latter,  one  weighing  about  6  ounces  to 
the  foot,  and  preferably  in  the  form  of  tape. 
If  iron  Lb  used — and  it  seems  to  be  in  every 
way  as  efficient  as  copper— have  it  in  rod  or 
tape  form,  weighing  about  36  ounces  to  the 
foot.  "A  sheet  of  copper  constitutes  a 
conductive  path  for  the  discharge  from  a 
lightning  stroke  much  less  impeded  by  self- 
induction  than  the  same  quantity  of  copper 
in  a  more  condensed  form,  whether  tubular 
or  solid.''  (Sir  William  Thomson.) 

The  nature  of  the  locality  will  determine 
to  a  degree  the  need  of  a  rod.  Places  but  a 
few  mUes  apart  will  differ  greatly  in  the 
relative  frequency  of  flashes;  in  some  locali- 
ties the  erection  of  a  rod  is  imperative,  while 
in  others  it  is  hardly  necessary. 


The  very  best  ground  you  can  get  is,  alter 
all,  for  some  flashes,  but  a  very  poor  one; 
therefore,  do  not  imagine  that  you  can 
overdo  the  matter  in  the  making  of  a  good 
ground.  An  ordinary  ground  suffices  for 
a  great  many  flashes,  but  the  small  resist- 
ance of  iV  o^in  fo'  ui  intense  oscillatory 
flash  may  be  dangerous.  Bury  the  earth 
plates  in  damp  ground  or  running  water. 

' '  If  the  conductor  at  any  part  of  the  course 
goes  near  water  or  gas  mains,  it  is  best  to 
connect  it  to  them.  Wherever  one  metal 
ramification  approaches  another,  it  is  beet  to 
connect  them  metallically.  The  neighbor- 
hood of  small-bore  frisible  gas  pipes  and  in- 
door gas  pipes  in  general  should  be  avoided. ' ' 
(Lodge.) 

The  top  of  the  rod  should  be  plated  or 
in  some  way  protected  from  corrosion  and 
rust 

Independent  grounds  are  preferable  to 
water  and  gas  mains. 

Clusters  of  points  or  groups  of  two  or  three 
along  the  ridge  rod  are  recommended. 

Chain  or  link  conductors  are  of  little  use. 

Very  little  faith  is  to  be  placed  in  the 
so-called  "  area  of  protection."  The  com- 
mittee that  first  gave  authority  to  this  belief 
considered  that  the  area  protected  by  any 
one  rod  was  one  with  a  radius  equal  to  twice 
the  height  of  the  conductor  from  the  ground. 
Many  lightning-rod  manufacturers  consider 
that  the  rod  protects  an  area  of  radius  equal 
to  the  height  The  truth  is  that  the  build- 
ings are  struck  sometimes  within  this  very 
area,  and  it  is  now  held  that  there  is  no  such 
thing  as  a  definite  protected  area. 

There  is  no  reason  to  doubt  that  the  dis- 
charge takes  place  sometimes  from  earth  to 
doud;  that  is  to  say,  while  a  lightning  fiash 
is  considered  as  something  like  the  dischaige 
of  a  condenser  through  its  own  dielectric, 
made  up  of  excessively  frequent  alternations, 
say  something  like  300,000  times  per  second, 
the  spark,  or  core,  of  incandescent  air  may 
seem  to  have  had  its  beginning  at  the  earth's 
surface;  in  other  words,  the  air  gap  breaks 
down  first  at  a  point  near  the  earth. 

Nearly  all  treatises  upon  lightning  up  to 
within  very  recent  times  assumed  that  light- 
ning always  foUowed  the  path  of  least  resist- 
ance. ''It  is  simply  hopeless  to  pretend  to 
be  able,"  says  Lodge,  "to  make  the  light- 
ning conductor  so  much  the  easier  path  that 
all  others  are  out  of  the  question."  The 
path  will  depend  largely  upon  the  character 
of  the  flash. 

Any  part  of  a  building,  if  the  flash  be  of  a 
certain  character,  may  be  struck,  whether 
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there  is  a  rod  on  the  building  or  not  For- 
tunately, these  are  exceptional  instances. 
The  great  majority  of  flashes  in  our  latitudes 
are  not  so  intense  but  that  a  good  lightning 
rod  well  earthed  makes  the  most  natural 
path  for  the  flash.  We  have  many  instances, 
however  (not  to  be  confounded  with  cases 
of  defective  rods),  where  edifices  seemingly 
well  protected  have  been  struck  below 
the  rods. 

Paradox  of  jMuradoxes,  a  building  may  be 
seriously  damaged  by  lightning  wUhout  hath 
vng  been  ttrtick  at  ail.  Take  the  famous  Hotel 
de  Ville  of  Brussels.  This  building  was  so 
well  protected  that  scientific  men  pronounced 
it  to  be  better  protected  against  lightning 
than  any  building  in  the  world.  Yet  it  was 
damaged  by  fire  caused  by  a  small  induced 
spark  near  escaping  gas.  During  the  thunder 
storm,  a  flash  started  ''  surgings"  in  a  piece 
of  metal  not  connected  in  any  way  with  the 
protective  train  of  metal.  The  building  prob- 
ably did  not  receive  even  a  side  flash.  This 
is  therefore  a  new  source  of  danger  from 
within,  and  but  emphasizes  the  necessity 
of  connecting  metal  with  the  rod  system. 

As  lightning  often  falls  indiscriminately 
upon  tree,  rock,  or  building,  it  will  make 
but  little  difference  sometimes  whether  trees 
are  higher  thaif  adjoining  buildings. 

It  is  not  judicious  to  stand  under  trees 
during  thunder  storms,  nor  in  the  doorway 
of  barns,  or  close  to  cattle  or  near  chimneys 
and  flreplaces.  On  the  other  hand,  there 
is  not  much  sense  in  going  to  bed  or  trying 


to  insulate  one's  self  in  feather  beds;  nuther 
are  small  artidea  of  steel  so  much  to  be 
feared,  for  they  do  not  have  the  power  to 
determine  the  path  of  discharge  or  to  aUrad 
lightning,  as  iB  popularly  supposed. 

Many  people  suffer  greatly  and  somewhat 
unnecessarily,  we  think,  from  alarm  during 
the  prevalence  of  thunder  storms.  Many 
flashes  are  of  less  intensity  than  we  imagine, 
and  the  human  body  could  withstand  these 
without  permanent  serious  effiBCts.  Voltaire's 
caustic  witticism  that  *'  there  are  some  great 
lords  which  it  does  not  do  to  approach  too 
doeely,  and  lightning  is  one  of  these," 
needs  a  little  revision  in  these  dajs  of  high- 
potential  oscillatory  currents.  Indeed,  the 
other  saying,  "  Heaven  has  more  thunders 
to  alarm  than  thunderbolts  to  punish/'  has 
much  more  point  to  it,  as  it  is  nearer  the 
truth.  One  who  liva  to  see  the  lightning  JUuh 
need  not  concern  himself  much  about  the 
possibility  of  personal  injury  from  that  flash. 

Finally,  if  you  should  be  in  the  vicinity 
of  a  person  who  has  just  been  struck  by 
lightning,  no  matter  whether  or  not  the 
person  appears  to  be  dead,  go  to  work  at 
once  to  restore  consciousness.  There  are 
many  cases  on  record  proving  the  wisdom 
of  this  course;  and  there  is  reason  for  be- 
lieving that  lightning  often  brings  about 
suspended  animation  rather  than  somatic 
death.  Try  to  stimulate  the  respiration  and 
circulation.  Do  not  cease  in  the  effort  to 
restore  animation  in  less  than  an  hour's 
time. 


A  GREAT  COLLEGE  YEAR 


THIS  will  be  the  greatest  college  year  that 
the  United  States  or  any  other  country 
has  ever  known.  The  Saturday  Eve- 
ning Post  has  taken  some  trouble  to  collect 
the  returns  from  the  difierent  institutions 
of  the  country,  and  there  is  scarcely  an 
exception  to  the  report  of  an  unprecedented 
increase  in  the  number  of  students.  This 
aflects  not  only  the  universities,  so  called, 
but  all  the  colleges  of  every  class  and  size 
throughout  the  Union. 

The  collegiate  institutions  of  the  country, 
some  four  hundred  in  all,  have  a  combined 
attendance  of  between  one  and  two  hundred 
thousand,  and  the  total  is  not  far  from  the 
two-hundred-thousand  mark. 


During  and  after  all  periods  of  prosperity 
the  private  schools  and  the  coUeges  secure  an 
increased  membership,  for  the  evident  rea- 
son that  people  are  better  prepared  to  pay 
for  the  instruction  of  their  children.  Thi^ 
the  figures  have  this  year  gone  far  beyond 
anything  ever  before  known  is,  of  course, 
lai^y  accounted  for  by  the  increase  in 
population;  but,  while  allowing  fully  for 
all  that,  it  is  still  true  that  the  numb^  has 
greatly  exceeded  any  former  proportion  in 
the  population  statistics  of  the  country. 

The  great  thing  is  that  the  rush  for  higher 
education  was  never  so  strong  or  so  general 
as  it  is  in  the  present  day.— The  Saturday 
Evening  Post. 
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How  TO  Pbstimt  Explobionb  in  ths  Eotghsk  Rakqs  Duumo  Gold  WaATHSB— Simplb 

Bulks  to  bb  Obsbbybd 


EARLY  one  morning  when  the  wind  was 
a  piping  gale  and  the  mercnry  in  the 
thermometer  outdoon  had  dropped 
down  below  the  zero  mark,  I  sat  leiflurely 
enjoying  my  morning  paper  and  in  a  kind 
of  way  sympathizing  with  the  poor  sailora 
on  the  sea  and  the  ranchmen  on  the  prairiee. 
I  reflectively  scanned  the  headings  that  told 
as  clearly  as  the  text  how  the  storm  had 
been  raging,  how  railroads  were  blocked, 
how  the  ocean  liners  were  coming  into  their 
docks  top  heavy  with  ice,  and  lots  of  other 
things  that  are  very  interesting  when  you 
sit  near  a  red-hot  stove.  But  the  heading 
that  interested  me  so  much  that  I  read  the 
text  was  one  of  those  old-time  headings 
that  yon  find  in  all  newspapers  when  the 
reporter  does  not  know  anything  about  his 
subject.  The  heading  referred  to  was 
''Mysterious  Explosion,"  and  was  set  in 
big  bold  type.  The  text  under  it  told  about 
a  stove  or  kitchen  range  being  blown  to 
pieces  by  the  force  of  an  explosion.  The 
general  public  no  doubt  thought  that  a 
dynamite  cartridge  or  some  explosive  mate- 
rial of  a  similar  character  got  into  the  coal 
bin  and  that  the  cook  accidentally  shoveled 
it  into  the  fire  along  with  the  coal.  The 
reporter  himself  said  that  "  the  cause  of  the 
explosion  is  a  myitery,  but  its  force  would 
seem  to  lend  strength  to  the  belief  that  it 
was  due  to  a  high  explosive  compound.'' 

With  all  due  respect  for  the  reporter,  I 
would  say  that  it  is  a  weU-known  fact  that 
the  explosion  was  caused  by  frozen  pipes 
between  the  range  and  the  boiler.  Let  me 
explain  how  such  an  explosion  takes  place. 
Inside  the  range  and  on  one  side  of  the  fire 
is  a  hoUow  cast-iron  box  called  a  water 
back,  or  water  front,  as  the  case  may  be. 
This  box  is  full  of  water  all  the  time.  Two 
pipes  connect  it  to  the  boiler.  The  upper 
pipe  leads  hot  water  from  the  water  back 
to  the  side  of  the  boiler,  and  the  lower  pipe 
leads  cold  water  from  the  bottom  of  the 


boiler  to  the  water  back.  In  fact,  these 
pipes  convey  heat  from  the  fire  to  the 
boiler  by  means  of  a  current  of  hot  water 
that  flows  through  them.  If  they  become 
frozen,  the  ice  in  them  forms  a  solid  plug 
and  prevents  the  flow,  so  that  if  a  fire  is 
started  im  a  range  when  these  pipes  are 
closed  with  ice,  the  water  in  the  cast-iron 
box  will  become  heated  and  its  pressure  will 
increase  until  it  becomes  too  great  for  the 
casting  to  resist,  when  the  water  back  will 
explode  like  a  cannon  and  blow  the  stove 
to  pieces. 

For  the  benefit  of  the  cook  and  all  other 
people  who  attend  to  kitchen  ranges  during 
severely  cold  weather,  we  present  the  fol- 
lowing suggestions: 

1.  Feel  of  the  two  pipes  that  connect  the 
range  to  the  boiler.  Bun  your  hand  all 
over  them  the  first  thing  in  the  morning, 
before  you  touch  the  fire.  If  they  are  warm 
all  over,  or  even  slightly  tepid,  they  are  safe. 
Then  allow  the  water  to  run  at  any  of  the 
hot-water  faucets  for  a  few  seconds.  If 
this  runs  all  right,  the  pipes  in  the  house 
are  safe  also,  and  you  may  push  along  the 
kitchen  fire. 

2.  Never  touch  the  "sediment  cock''  at 
the  bottom  of  the  boiler.  This  is  for  the 
plumber's  use  only. 

'3.  If  the  range  pipes  are  quite  cold,  and 
water  comes  at  any  hot-water  fancet,  then 
thaw  out  the  range  pipes  with  burning 
paper  and  when  warm  start  the  fire,  but  do 
not  start  a  fire  upon  any  account  until  these 
pipes  are  warmed  up,  or  you  will  run  the 
risk  of  exploding  the  water  back. 

4.  If  the  range  pipes  are  warm  but  water 
will  not  come  at  the  foucets,  then  send  for  a 
plumber  at  once  and  draw  the  fire  until  he 
comes. 

5.  If  you  come  down  to  the  kitchen  any 
morning  and  find  the  fire  out  and  signs  of 
frost  there,  look  out  for  yourself  and  go  by 
the  above  rules. 
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KBPAIRINQ  A  BROKEN  8TBAM  PUMP 
W,  H.  Wakeman 


PsopLB  who  live  in  localities  where  in  the 
winter  ice  melti  in  the  middle  of  the  day 
and  water  freezes  at  night  are  thoroughly 
convinced  that  water  expands  when  it 
freezes,  because  they  are  put  to  so  much 
trouble  and  expense  by  the  bursting  of  water 
pipes.  When  the  thermometer  rises  to  50^ 
Fahrenheit  at  noon  and  then  gradually  falls 
until  it  reaches  39^,  water  exposed  to  it  will 
contract  in  volume.  If  the  temperature 
continues  to  fiall  until  the  thermometer  indi- 
cates 32®,  the  water  will  expand,  but  under 
ordinary  circumstances  this  will  do  no  harm 
because  it  still  remains  in  the  liquid  form ;  bat 
if  the  temperature  continues  to  fall,  the  water 
is  congealed  into  ice,  and  as  it  still  expands, 
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Fig.! 

something  must  stretch  or  break.  Ordinary 
water  pipe  may  stretch  some,  but  it  soon 
breaks. 

The  pump  illustrated  in  Fig.  1  was  left  full 
of  water  by  a  careless  engineer,  and  exposed 
to  the  weather.  It  was  badly  broken  by  the 
expanding  ice.  The  clearance  on  the  outer 
end  of  the  water  cylinder  was  very  large, 
probably  about  three  inches,  which  afforded 
an  opportunity  for  a  solid  cake  of  ice  to  form 
there,  and  as  cast  iron  cannot  be  claimed  to 
be  very  elastic,  the  cylinder  cracked  from 
the  top  of  the  flange  upward,  as  shown  at  A, 

It  was  an  easy  matter  to  force  white  lead 
into  this  crack,  drill  a  hole  through  each 
side  of  the  water- valve  casing,  and  draw  the 
parts  together  with  a  suitable  bolt,  as  plainly 
illustrated,  but  there  was  an  irregular- 
shaped  break  at  B  that  was  not  so  easily 
repaired;  still  the  large  clearance  made  it  a 
possibility.     The  job  was   offered  to  two 
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different  men  and  both  dedined  to  under- 
take it,  as  they  claimed  it  was  so  badly 
broken  that  a  new  water  cylinder  was  neo- 
eesary..  There  were  two  objections  to  this 
plan,  one  of  which  was  the  expense,  for  the 
steam  cylinder  was  12 
inches  and  the  water 
cylinder  8  inches  in 
diameter  and  had  a 
stroke  of  15  inches  as 
near  as  I  could  esti- 
mate, for  internal  meas- 
urements were  imprac- 
ticable at  that  time;  this  is  enough  to  show 
that  a  new  water  cylinder  would  have  been 
expensive.  The  second  objection  was  more 
serious,  for  the  makers  of  the  pump  had  gone 
out  of  business,  and  a  new  water  cylinder 
could  not  be  purchased  at  short  notice. 

An  ingenious  mechanic  took  the  job  in 
hand  and  finished  it  to  the  satisfaction  of  all 
concerned.  A  pattern  was  made  in  the 
shape  of  a  straw  hat,  but  it  was  round 
instead  of  oval,  and  had  no  crown  in  it»  as 
shown  in  Fig.  2.  A  casting  was  made  ttom 
this,  and  holes  corresponding  to  those  in  the 
flange  and  cylinder  head  were  bored  in  the 
rim.  When  this  was  made  a  sliding  fit  into 
the  clearance  of  the  water  end  it  was  pat 
into  place  and  a  hole  bored  throogh  the 
piece  broken  out  by  the  frost  and  into  the 
hat-shaped  piece;  it  was  then  tapped  oot 
for  a  cap  screw.  The  whole  was  then  taken 
apart  and  the  joints  that  must  hold  water 
under  pressure  were  made  up  with  white 
lead.  They  were  allowed  to  stand  ontil 
thoroughly  dry,  after  which  the  pump  was 
put  into  service  and  pumped  water  against  80 
pounds  pressure  without  a  leak.  The  fin- 
ished job,  with  the  old  cylinder  head  held  in 
place  by  extra  long  cap  screws,  is  shown  in 
Fig.  1.  I  am  not  able  to  state  the  exact  coat 
of  these  repairs,  but  it  was  not  heavy  when 
compared  with  the  cost  of  a  new  pump. 

RSMOVING   BOILBR   FLUB8 
WUmot  Kenhaw,  New  Oumberkmd,  IP.  Fa. 

Whils  I  am  not  a  boilermaker  by  tradeb  I 
have  a  great  deal  of  this  kind  of  wcnrk  to  do, 
and  it  may  prove  of  interest  to  yoor  readen 
to  describe  a  method  I  adoped  to  take  a  Ihie 
from  the  middle  of  a  boiler  without  taking 
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the  whole  row  down.  I  tapered  a  wooden 
ping  to  about  the  same  size  as  the  flue, 
drilled  a  hole  through  the  center,  and  at  the 
small  end  cut  a  slot  about  half  way  to  the 
large  end.  A  rope  was  then  passed  through 
the  plug  and  a  knot  tied  in  it  at  the  small 
end  of  the  plug.  The  rope  was  attached  to 
a  three-sheaved  block  and  tackle,  and  the 
ping  placed  small  end  first  two  feet  in  the 
front  end  of  the  flue.  A  pull  on  the  sheave 
block  started  the  knot  in  the  slot  and  thus 
spread  and  fastened  the  plug  in  the  flue, 
which  was  then  pulled  without  any  trouble. 

A  NEW  LOCK  NUT 

Oarl  E,  Barling,  Brooklyn,  N.  Y, 

Thbbb  are  few  if  any  mechanical  devices 
upon  which  more  thought  has  been  spent 
than  upon  nut  locks.  I  am  aware  that  the 
nut-lock  question  is  a  long  one  and  that 
there  are  a  number  of  good  ones  on  the 
market;  but  nearly  all  of  them  are  in  some 
form  of  washer,  and  none  is  really  positive 
in  action.  They  are  used  for  railroad  work, 
are  not  well  adapted  for  fine  work,  and  not 
at  all  suitable  for  axle  work.    For  this  last 


purpose  I  have  contrived  and  patented  the 
nut  lock  shown  in  the  accompanying  sketch. 
The  nut  is  made  in  two  pieces  and  has  a 
spring  cog  a  inserted  to  engage  a  ratchet  b 
stamped  on  the  axle.  A  pin  c  extends  from 
the  cog  a  through  the  top  of  the  nut,  along- 
side the  square  part  engaged  by  the  wrench. 


This  pin  works  back  and  forth  in  a  hulial 
hole  as  the  cog  slides  over  the  ratchet;  but 
in  case  the  nut  is  to  be  unscrewed,  the 
special  wrench  (2,  with  nicks  for  the  pin  filed 
in  it  as  shown,  will  hold  the  cog  away  from 
the  ratchet  so  that  the  nut  may  be  turned. 
Otherwise,  as  is  plain  to  be  seen,  the  nut 
will  never  become  loose  or  come  off  the  axle. 
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THE  ROCHESTER  RADIATOR 

It  IB  claimed  that  one-half  the  fuel  now 
wasted  through  the  chimney  can  be  saved 
by  the  use  of  the  radiator  manufactured  by 
the  Rochester  Radiator  Co.,  which  received 
the  award  at  Paris.  The  apparatus  costs  from 
$2.00  up,  and  the  money  will  be  refunded  if 
it  is  unsatisfactory.  Write  to  the  Rochester 
Radiator  Ck>.,  Rochester,  N.  Y.,  for  booklet 
describing  their  wares. 


TOOL  POST  GRINDING  OUTFIT 


INDUCEMENTS    TO    BUILD    AND    RENT   A 
SEWER  SYSTEM 


Ths  city  of  Marshall,  Texas,  with  a  popu- 
lation of  about  10,000,  has  a  fine  system  of 
water  works  but  no  sewers.  The  city  is  not 
in  a  financial  condition  to  put  these  in,  but 
offers  &vorable  inducements  to  a  company 
that  would  do  so  and  rent  the  system  to  the 
city,  the  same  as  gas  and  water  companies 
rent  their  business,  charging  annual  rentals 
for  sewer  privileges.  Parties  interested  in 
such  matters  can  obtain  full  information  by 
oorreeponding  with  Mr.  Sid  Coleman,  Mar- 
shall, Texas. 


Thb  Grant  Manufacturing  Company,  183 
John  Street,  Bridgeport,  Conn.,  have  placed 
a  grinding  outfit  for  cylindrical  grinding  on 
the  market.  This  outfit  consists  of  a  holder 
to  be  held  in  the  tool  post  of  the  lathe,  and 
an  overhead  drum;  the  holder  carries  a 
spindle  on  which  the  grinding  wheel  and 
the  pulley  for  driving  it  is  mounted.  The 
drum  is  made  entirely  of  sheet  metal;  this 
makes  it  light,  true,  well  balanced,  and  safe 
at  high  speeds. 

The  outfit  is  well  adapted  for  any  tool 
room  and  machine  shop  where  the  quantity 
of  cylindrical  grinding  will  not  warrant  the 
purchase  of  a  universal  grinding  machine. 

THE  ENCYCLOPEDIA  BRITANNIC  A 


Thb  enterprise  that  enables  the  general 
public  to  possess  so  great  a  work  as  the 
Encyclopsedia  Britannica  is  worthy  of  praise. 
We  feel  that  we  can  with  propriety  call  the 
attention  of  our  readers  to  the  special  offer 
in  this  issue  of  Sciincb  and  Industry  that 
brings  this  excellent  work  within  the  reach 
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of  all  our  readen.  A  good  encydopsedia  ifl 
no  longer  conmdered  a  luxury  but  a  necesnty 
for  every  intelligent  household.  Among 
the  publiflhed  works  of  this  kind  the  Ency- 
dofMBdia  Britannica  has  become  the  stand- 
ard of  all  English-speaking  countries  of  the 
world.  It  is  scarcely  necessary  to  refer  in 
detail  to  the  excellencies  of  this  great  work. 
It  is  known  whereyer  the  English  language 
is  spoken  for  its  scholarship,  thoroughness, 
and  completeness.  It  has  constantly  im- 
proved since  its  first  edition  in  1771.  Keep- 
ing pace  with  the  intellectual  growth  of 
the  centuries,  the  Britannica  presents  the 
gathered  knowledge  of  the  world.  It  is  as 
good  as  a  library  of  a  thousand  volumes. 
The  many  who  have  long  wanted  these 
magnificent  books  will  now  be  able  to 
secure  them.  The  aim  of  the  publishers 
seems  to  be  to  place  a  set  in  every  home  in 
the  land,  which  is  most  desirable. 

MBTAL  POLISH 


.  Whbn  the  call  for  an  article  becomes  so 
great  that  the  manu£etcturer  is  compelled  to 
enlarge  his  plant  by  the  addition  of  new 
machinery  to  supply  the  demand,  it  is  an 
indication  that  the  article  possesses  great 
merit  Judged  by  this  standard,  it  is  not 
surprising  that  the  metal  polishes  manu- 
fiactured  by  Mr.  George  W.  Hoffinan,  295  East 
Washington  Street,  Indianapolis,  Ind.,  are 
in  such  great  demand  by  busy  people  who 
wish  to  make  the  most  of  the  precious 
minutes  in  this  time  of  great  business  revi- 
val. The  polishes  are  put  up  in  paste, 
liquid,  and  powdered  form,  and  each  variety 
has  its  particular  use.  The  ''  U.  8."  metal 
polish  paste  is  unequaled  for  polishing  and 
cleaning  gold,  silver,  plated  ware,  show 
cases,  store  fixtures,  household  utensils,  and 
everything  im  the  planished  metal  line. 
The  ease  of  application  and  the  rapidity  of 
work  have  made  these  polishes  a  standard 
article  with  those  who  are  acquainted  with 
their  merits.  Write  to  the  manufacturer  for 
circulars  describing  these  goods. 

BOOK  NOTICES 


Thb  PsooBns  OF  Invkntion  nc  ths  Nikb- 
TBBNTH  CxNTUBY.  By  Edward  W.  Bym, 
A.  M.  Octavo,  476  pp. ;  illustrations,  282. 
Cloth,  $3.00.    Munn  &  Co.,  New  York. 

We  are  constantly  hearing  of  the  wonder- 
ful progress  of  invention  during  the  century 
just  closing,  and  of  the  consequent  advance- 
ment of  art  and  industry.  It  is  a  subject 
dear  to  the  heart  of  the  postprandial  speaker. 


the  Fonrth-of- July  orator,  and  especially  to 
him  that  finds  pleasure  in  vaunting  American 
supremacy  in  inventive  ingenuity  above  all 
other  nations  of  the  earth.  For  such  as 
these  it  would  be  impossible  to  imagine  a 
more  excellent  vade  meeum.  It  is  a  mine 
of  suggestion  of  rose-colored  rhetoric  and 
impressive  oratory.  The  announced  pur- 
pose of  its  publishers  is  ''to  bring  out  a 
volume  that  worthily  commemorates  the 
completion  of  the  nineteenth  century;  to 
record  and  describe  all  the  important  devel- 
opments of  the  arts  and  sciences  that 
distinguish  the  period;  to  give  a  most  com- 
prehensive, compact,  and  coherent  account 
of  the  progress  that  distinguishes  this  as  the 
€k>lden  Age  of  Invention,  resulting  in  indus- 
trial and  commercial  development  without 
precedent." 

If,  however,  one  should  happen  to  wish 
for  exact  and  minute  information  on  any 
particular  discovery  or  invention,  he  must 
seek  for  it  elsewhere;  for  this  book  will  give 
him  a  knowledge  available  for  nothing  more 
than  very  general  and  sketchy  conversation. 
It  ranks  very  low  in  the  class  of  literature 
known  as  popular  science,  and  its  purpose  is 
clearly  ad  captandum.  In  the  nature  of 
things,  therefore,  it  should  command  a  ready 
sale  and  yield  its  author  and  publishers  a 
generous  return  for  a  small  investment. 

Thb  Gab  Engine  Hamd-Book.  A  manual 
of  useful  information  for  the  designer  and 
engineer.  By  E.  W.  Roberto.  M.  £.  Price, 
in  flexible  leather,  $1.50.  The  Gas  Engine 
Publishing  Co.,  Cincinnati,  Ohio. 

This  is  a  second  edition  of  a  work  the 
worth  and  popularity  of  which  are  attested 
by  the  fact  that  the  first  edition  was  ex- 
hausted within  a  period  of  about  6}  months. 
The  book  has  been  enlaiged  by  the  addition 
of  20  pages  of  new  matter,  consisting  of  data 
for  the  design  of  two-cycle  engines  and  notes 
of  interest  to  all  makers  and  users  of  gas  and 
gasoline  engines.  The  tables  of  dimensions 
of  two-cycle  engines,  like  the  tables  and  fcMr- 
mulas  for  the  design  of  details  that  are 
presented  in  the  main  part  of  the  book,  will 
serve  a  useful  purpose  when  supplemented 
by  a  good  knowledge  of  the  general  prin- 
ciples of  the  gas  engine  and  of  machine 
design;  it  is,  however,  well  to  remember 
that  gas-engine  design  is  at  present  fkr  from 
being  a  well  established  science  and  that 
empirical  rules  and  formulas  for  the  deaign 
of  details  must  be  based  on  a  comparatively 
limited  range  of  experience  in  a  field  in 
which  the  failures  are  rather  more  numerous 
and  conspicuous  than  are  the  sue 
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Non.— ^ddreM  oJO.  letters  containing  quettUma  to  be 
eauv/ered  in  thi»  department  to  Scibncb  and  Industby, 
Seranton,  Fa, 

1.  Put  thU  addrest  both  on  the  envelope  and  at  the 
head  of  the  letter. 

t.  Only  questions  of  general  interest  to  our  readers 
wiU  be  answered. 

S.    No  questions  will  be  answered  by  mail. 

U.  Drawings  or  sketches  accompanying  questions  should 
be  made  on  a  separate  sheet  of  paper,  and  should  be 
dravm  as  dearly  as  possible. 

5.  The  names  and  addresses  qf  the  writers  must 
accompany  the  letters,  or  no  attention  will  be  paid  to 
them.  Unless  otherwise  requested,  we  wOl  publish  only 
the  initials  and  address  qf  the  writer. 

6.  Rtference  to  inquiries  preoiousl\/*answered  should 
give  date  qf  issue  and  number  qf  question. 

7.  Questions  cannot  be  answered  in  the  issue  qf  the 
month  immediately  Mlowtng  their  receipt. 

8.  Any  book  TUft  out  qf  print  and  for  rale  by  regular 
dealers  may  be  ordered  through  the  mngazfne. 

9.  We  will  not  undertake  to  calculate  windings  qf 
dymamos  and  motors,  as  this  involves  considerable  work 
and  is  sdiom  Justified, 


MECHANICAL 


(56S)  I  am  familUr  with  the  foromlu  for  com- 
Dotlng  the  flow  of  water  through  pipes  bat  do  not 
kaow  of  any  that  I  can  apply  to  cmde  petrolenm. 
How  could  a  formula  like  ^' Kutter'n"  be  Mi  modified 
aa  to  apply  to  crude  petroleum  aud  take  account  of 
the  dtfferen«*e  between  its  ipedfic  graTity  and  its 
Tlaoosity  at  diflTerent  temperatures  at  compared  with 
water?  F.  W.,  Bakersfleld,  Cal. 

Ajn.~In  the  formulas  for  flow  of  water,  the  specific 
grarity  of  the  liquid  does  not  enter  ss  a  f«ctor;  if  all 
other  conditions  were  the  same  these  formulas  would 
apply  to  a  liquid  having  a  specific  gravity  greater  or 
less  than  that  of  water.  The  effect  of  viscosity  on 
the  fiow  of  a  liquid  cannot  be  calculated;  it  can  be 
determined  for  any  particular  liquid  only  by  experi- 
ment. The  results  of  the  experiments  that  have 
been  made  on  water  are  expressed  In  the  form  of 
the  empirical  fkctors  or  constants  that  form  a  part  of 
the  various  formulas.  Before  the  formulas  could  be 
applied  to  a  liquid  having  a  different  viscosity,  it 
would  be  necessary  to  derive  by  experiment  a  set 
of  constants  similar  to  those  that  have  been  derived 
for  water.  So  far  as  we  have  been  able  to  learn,  no 
reliable  values  for  petroleum  or  any  liquid  but  water 
have  ever  been  published. 
»*» 

(564)  (a)  What  causes  a  circular  saw,  when 
running,  to  shake  sideways  at  its  circumference T 
(b)  What  can  be  the  reason  that  the  taw  runs  warm 
lor  about  ^  of  the  distance  from  the  center  outward 
toward  its  circumfsrenoeT  (e)  Would  hammering 
or  stretching  such  a  blade  be  advisable,  and  if  so, 
where  should  the  hammering  be  done? 

J.  O.  W.,  Valla  Hannis,  Norwsy.  Europe. 

Anb.— (a)  We  have  never  seen  an  explanation  of 
this  phenomenon,  and  have  no  very  satisfactory 
theory  for  It.  If  the  saw  is  careftilly  centered  and 
the  plane  of  the  circumference  of  the  bisde  is  per- 
pendicular to  the  axis  of  rotation,  it  would  seem  as 


though  the  vibration  must  be  caused  by  a  lack  of 
uniformity  in  the  blade,  possibly  from  the  fact  that 
the  circumference  of  the  blade  is  under  too  great  a 
stress  rom  the  "dishing"  of  the  center.  (6)  We 
think  the  heat  comes  from  the  bearings  of  the  saw 
arbor,  (c)  Hammering  the  circumference  of  the 
blade  might  stretch  it  enough  to  relieve  the  strsM 
due  to  too  much  "dishing,"  or  unevenness  in  the 
stress  in  dlfTereut  parts  of  the  blade  might  be  relieved 
by  hammering.  The  best  method  of  doing  this  work 
on  a  given  saw  could  be  determined  only  by  per^ 
sonal  inspection  by  an  experienced  man,  and  we 
would  advise  you  to  submit  the  case  to  such  a  man 

»*• 

(666)  The  water  in  the  gauge  glass  of  my  boiler  is 
continually  on  the  move  up  and  down— fk'om  a  half 
to  t^ree-quarters  of  an  Inch.  One  person  claims  it 
is  a  sign  of  good  circulaUon,  while  another  claims 
the  reverse  to  be  the  case.  The  boiler  is  of  the 
return -tubular  type,  has  been  in  use  two  months, 
and  is  free  from  scale.  Can  you  explain  this 
behavior  of  the  water  in  the  glasa? 

F.  If.  v.,  Omaha.  Neb. 

Ams.— We  think  that  the  movement  you  mention 
is  due  not  wholly  Co  circulating  action,  but  rather, 
for  the  greater  part,  to  some  pulsating  Infiuence  over 
and  above  this.  If  the  boiler  were  supplying  ao 
engine  of  large  cylinder  capacity  and  a  low  rate  of 
revolution,  the  Intermittent  drain  on  the  steam 
supply  in  the  boiler  would,  by  momentarily  relieving 
the  pressure,  cause  the  water  to  rise  and  fall.  So, 
also,  if  the  feeding  were  being  done  by  a  pump,  the 
Intermittent  forcing  in  of  a  body  of  water  (at  each 
stroke)  would  cause  the  water  level  to  rire  and  fall, 
although  the  amount  would  be  quite  small  owing  to 
the  ratio  of  the  injection  per  stroke  to  the  horlsontal 
seoUon  of  the  boiler  at  the  water  level;  if  the  feed 
were  injected  at  a  point  in  the  vicinity  of  the  water 
column,  the  effect  would  be  more  noticeable.  If 
neitber  of  the  above  causes  is  present,  the  motion  can 
only  be  due  to  a  forcing  of  the  boiler.  In  any  rase, 
you  can  view  the  present  state  of  aflkirs  with  a 
certain  amount  of  satisCsction  rather  than  other- 
wise, because  It  is  a  sign  that  the  openings  into 
the  boiler  are  clean— a  point  on  which  you  would 
feel  less  sure  if  the  water  were  always  stationary, 
unless  you  made  the  test  by  opening  end  rioting  the 
cocks.  In  the  case  of  a  locomotive  running  alc»ng, 
the  water  is,  of  course,  always  on  the  move  more  or 
less;  but  that  is  to  be  expected,  on  account  of  the 
motion  of  the  engine  on  her  springs,  due  to  rough- 
ness of  track  end  other  oaures.  But  where  a  bf»i]er 
is  merely  standing  still  under  stesm,  we  should  not 
expect  the  motion  of  the  water  to  be  as  great  as  you 
describe,  even  if  the  boiler  were  being  worked  hard. 


(566)  Please  give  the  names  of  cities  in  the  United 
States  where  elevated  trains  are  in  operation,  and 
what  style  or  under  whofee  patent  are  the  gates  used 
on  the  elevated  cars.  B  R.,  Akron,  Ohio. 

Anb.— Elevated  trains  sre  in  operation  in  New 
York  and  Chicago.  Elevated  roads  are  also  being 
erected  in  Boston.  In  New  York,  a  simple  swinging 
Iron  gate  is  used  and  is  operated  by  the  conductor. 
The  gate  does  not  fold  up,  but  swingn  back  sgainst 
the  platform  rail  and  is  operated  by  mean»  of  a  tell- 
crank  lever.  We  do  not  know  who  controls  the 
patents  on  these  gates;  your  best  plan  would  be  to 
write  to  the  roads  usng  them. 
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ANSWEBS  TO  INQUIRIES 


(M7)  PleMe  ttete  why  the  link  block  on  a  looo- 
motiT«  Is  not  plAOfd  in  the  center  of  the  link  instead 
of  being  a  little  off  the  center.   J.  H.  T.,  New  York. 

Am— Oor  correspondent  evidently  has  in  mind 
the  saddle  pin  (or  stad)  and  not  the  link-block  pin, 
as  a  reference  to  onr  subjoined  sketch  will  show. 
In  this,  a  is  the  link-block,  working  fteely  inside 

the  slot  b.    The 
A  link-block  pin  e 

connects  the  link 
block  with  the 
lower  rocker-arm; 
this  pin  is  always 
made  central  in 
the  block  and 
-■ — ^  therefore  works 
central  with  the 
slot  b.  (This  same 
pin  e  continuing 
on  through  the 
.rocker-arm,  serres 
as  the  lower  rock- 
er-pin.) The  block 
a  takes  up  various 
intermediste  posi- 
tions between  the 
two  endsof  theslot, 
according  to  the 
gear  and  the 
amount  of  expan- 
sion employed 
from  time  to  time; 
but  it  is  always 
central  with  the 
link  transversely— 
that  is,  the  center 
of  pin  e  is  always 
on  the  line  A  A  (leaving  the  item  of  wear  out 
of  the  question).  The  part  that  our  correspond- 
ent refen  to  is  the  pin  d  which  is  centrally  situated 
as  regards  the  length  of  the  link,  but  is  placed  off  the 
center  line  A  A,  the  amount  of  this  oflbet  being  made 
to  suit  each  diHerent  design  of  engine— f  or  {",  as 
a  rule.  The  saddle  e  is  made  fast  to  the  link,  and 
the  pin  d  is  connected  to  the  link  hanger;  thus,  d  is 
the  point  by  which  the  link  is  supported.  Now,  it 
will  be  noticed  that  the  eccentric-rod  pins  /  are 
located  behind  the  link  arc  A  A  (on  the  side  next 
the  eccentrics,  In  fact),  and  it  is  on  this  account  that 
we  have  to  set  d  oil  the  center,  the  explanation 
being  as  follows:  The  effect  of  the  pins  /  being 
behmd  the  link  arc  A  A  Instead  of  on  it,  is  to  make 
the  cutHiff  occur  earlier  for  the  ftront  port  than  for 
the  back.  For  suppose  there  are  two  similar  engines 
B  and  C,  and  that  B  has  its  eccentric-rod  pii>B  on 
the  link  arc,  as  at  g,  while  C  has  her*s  at  /  as  in  the 
sketch;  and  suppose  the  length  og—i.  e.,  from  g  to 
the  eccentric  center— to  be  60  inches  in  each  case. 
(For  convenience  of  reference  we  have  shown  o  in 
the  sketch,  although,  as  we  have  said,  it  is  G(K' 
distant  from  g  in  the  direction  of  the  arrow. )  As  the 
link  vibrates  to  and  fro,  the  center  line  of  B's  eccen- 
tric rod  always  maintains  the  position  op,  while  in 
C's  case  the  line  ofg  is  bent,  the  angle  of  bend  being 
at  /.  Since  the  sum  of  the  distances  of  and  fg  re- 
mains 6(K\it  is  evident  that  the  line  Joining  o  and  g 
(which  now  falls  outside  the  eccentne-rod's  center 
line)  is  le88  than  GO'',  and  so  the  link  lies  nearer  to 
the  eccentric  than  in  B's  case.  Thus  the  link  is 
always  drawn  nearer  to  the  axle,  and  if  a  rocker  is 
used,  the  valve  is  pushed  ianher  away  from  the 
axle.  This  means  that  the  front  port  clo^^es  too 
soon,  and  the  back  port  too  late.  This  tfTect  is 
partly  corrected  by  the  angularity  of  the  main  and 
eccentric  rods,  there  still  remaining  a  tendency  to 
cut  off  early  in  front  and  late  at  back.    Now,  the 


nearer  the  block  a  is  to  either  end  of  the  link,  the 
earlier  will  cut-off  occur,  and  the  nearer  to  the  oen- ' 
ter  A,  the  later.  If,  then,  we  can  arrange  matters  so 
that  at  that  part  of  the  stroke  where  the  ent^iff 
oooors  too  early,  the  link  shall  drop  down  and  bring 
the  block  nearer  the  end  of  link,  and  where  cut-off 
occurs  late,  the  link  shall  rise  and  bring  the  block 
nearer  the  center,  we  shall  remedy  the  above  de- 
fects. As  the  eccentrics  revolve,  the  link  vibrates 
to  and  fro  around  d  as  center,  d  itself  describing  an 
arc  whose  radius  is  the  length  of  the  link  hanger. 
If  we  place  the  saddle  pin  on  the  link  are,  at  * 
instead  of  at  d,  the  link  as  a  whole  will  not  rise  and 
fall  due  to  its  vibration  around  the  point  of  sus- 
pension; but  it  will  do  so  if  we  set  the  pin  away 
from  the  arc,  at  d.  This  is  actually  done  in  practice, 
as  here  shown.  Then,  when  the  piston  is  making 
the  outward  stroke  and  the  valve  is  approaching 
the  front  end  quicker  than  it  should,  the  link  will 
be  falling  (swinging  roimd  d  like  a  clock  hand,  but 
in  the  opposite  direction)  and  bringing  the  link 
block  nearer  into  frill  gear  and  so  retarding  the 
cutoff.  If  the  engine  is  running  backward,  the 
piston  moving  as  before,  the  motion  of  the  erankpin 
and  eccenirics  is  reversed  and  the  link  rises,  bringing 
the  block  nearer  to  the  lower  end  of  link,  i.  e.,  nearer 
to  frill  back  gear  this  time.  On  the  return  stroke  in 
fore  gear  the  limb  will  be  rising,  and  in  back  gear 
iklllng,  the  result  in  each  case  being  to  bring  the 
link  block  nearer  the  mid  gear  and  thus  hasten 
the  out  off  at  the  back  end.  Thus,  the  action  of  the 
link  In  alternately  rising  and  falling  is  to  approach 
nearer  to  or  away  fttmi  frill  gesr,  and  so  counteract 
the  tendency  to  unequal  cut-off  due  to  oflbet  pins/,  f. 
If  the  lever  is  well  />ver,  out  off  may  occor  In  the 
latter  part  of  the  stroke,  when  the  link  is  recovtrlng 
from  its  highest  or  lowest  positioup,  but  is  yet  higher 
or  lower  than  would  be  the  case  if  d  were  not  oflbet. 
The  shorter  the  main  and  eccentric  rods,  tha  less 
theoitsetAdwiUbe. 

•% 

(668)  I  have  a  horisiiuial  return-tubular  boil«r 
under  my  care  in  which  it  is  impooible  to  ke«p 
the  tubes  tight  at  the  back  end  fur  more  than  a 
week  or  so  at  a  time.  The  shell  is  6  ft.  6  in.  In 
diameter  and  16  fr.  long.  There  are  96  flues  8  in. 
in  diameter.  The  boiler  is  clean  in»-ide;  it  l«  blown 
down  10  or  16  minutes  twtce  a  day,  blow  off  being 
at  the  bottom  of  the  back  end.  The  tuties  were 
renewed  about  8  months  sgo;  they  remained  tight 
about  a  month  or  6  weeks  and  since  then  have  been 
a  constant  trouble.  I  have  rolled  them  out  several 
times  and  when  tested  with  cold-water  pressure  up 
to  100  pounds  all  would  be  tisht;  they  would  remain 
tight  for  a  few  days  and  then  stsrt  to  lesk  sgain. 
We  bum  rice  coal  with  forced  draft;  it  takes  10  to 
15  minutes  to  clean  the  fires,  the  door  belns  open 
all  the  time.  I  have  given  it  as  my  opinion  that  the 
cause  of  the  leaky  tubes  is  the  cold,  air  admitted 
while  cleaning  the  fires,  my  reason  for  this  opinion 
being  that  they  do  not  leak  as  much  when  under 
heavy  firing.  Please  give  me  your  opinion  of  the 
cause.  J  L.,  Ithaca,  N.  Y. 

Alts.— There  are  several  causes  that  might  produce 
the  leaksge  and  the  one  you  suggest  is  one  of  the 
most  probable.  It  is  possible  that  the  feed  enters 
the  boiler  in  such  a  manner  that  the  tubes  or  the 
back  head  are  affected  by  the  cold  water:  it  may 
also  be  that  the  tubes  are  so  close  together  that  there 
is  not  enough  metal  in  the  plate  surrounding  them 
to  hold  them  properly.  The  use  of  forced  draft  is 
sometimes  thought  to  cause  leaky  tubes. 


(560)    Is  there  a  vacuum  above  the  piston  in  an 
indicatorT    If  not,  what  determines  the  position  of 
the  piston  end  conseauehtly  the  penctl,  i»hen  scri- 
bing the  atmospheric  line  on  an  indicator  card  T 
V  N.,  EHcanaba,  Mich. 

Ans.— There  is  no  vacuum  above  the  piston.  When 
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the  p«nell  seribet  the  atmoipheric  line,  there  1« 
fttmospherlo  preuare  on  t)oth  lidet  of  the  piston. 
The  upper  end  of  the  Indicmtor  ipring  li  nsoallj 
liutened  to  «  head  that  tcrews  firmly  on  to  the 
cylinder  cap.  The  lower  end  carrlei  the  piston.  An 
adjostment  Is  proTlded  by  means  of  which  all  lost 
motion  is  taken  np.  and  any  increase  in  pressure, 
beyond  that  of  the  atmosphere,  on  the  lower  side  of 
the  piston,  will  compress  the  spring  and  move  the 
pencil. 

•». 

(570)  Please  tell  me  the  best  way  to  turn,  in  an 
ordinary  tumlnir  lathe,  a  sphere  that  will  be  as  near 
perfect  as  can  be  Judged  by  the  eye. 

H.  A.,  Rockford,  IlL 

AM8.~Pint  turn  the  wood  to  a  plane  cylinder  and 
then  to  the  form  shown  in  Fig.  1,  the  dimensions  a 
being  equal  to  the  diameter  d.  Next,  draw  lines  as 
shown  in  Fig.  2,  so  that  the  distance  &  shall  be  equal 


€: 


^]- 


Fio.1 

to  the  distance  e  and  also  to  the  diameter  of  the 
drcle  e.  The  circle  should  be  drawn  on  each  end  of 
the  piece.   These  distances  are  determined  by  trial. 


Fio.2 

The  work  is  then  turned  to  the  form  shown  in  Fig.  8, 
and  lines  drawn  as  shown.  In  this  case,  the  dis- 
tances /,  ^,  A,  and  i  are  made  equal,  and  the  diameter 
of  the  circle  k  Is  made  equal  to  distance/.  The  work 
Is  then  turned  to  the  form  shown  in  Fig.  4,  and  after 


Fig.  3 

this  it  is  usually  best  to  turn  off  the  remaining  angles, 
so  as  to  obtain  the  ball  as  nhown  in  Fig.  5.  The  ends 
are  then  carefully  cut  off,  the  ball  placed  in  the 
chuck  a,  Fig.  6,  and  scraped  round.  The  ball  should 


be  loosened  flrom  the  chuck  and  giyen  a  partial  rota- 
tion after  it  has  been  scraped  for  a  few  moments.  By 
continuing  this  process  it  is  poBsible  to  scrape  a  per- 


Fio.4 


fectly  true  round  ball.  Some  operators  prefer  to  place 
a  piece  of  leather  against  the  ball,  and  hold  it  by  the 


Fio.  6 

lathe  center  as  shown  in  the  dotted  outline,  while 
others  simply  arrange  the  chuck  so  that  the  ball  will 
enter  to  such  a  depth  that  it  will  be  held  and  driven 


by  friction.  The  chuck  is  made  by  screwing  a  piece 
of  wood  to  the  lathe  face  plate,  and  boring  it  out  so 
that  it  will  Just  receive  the  ball  as  shown.  Before 
removing  the  ball  from  the  chuck,  it  may  be  fl  dished 
with  oil  and  shellac  or  any  other  suitable  polishing 
material.  The  final  turning  is  done  by  scraping  with 
a  skew  chisel. 

(571)  Please  inform  me  whether  I  can  run  water 
into  a  boiler  under  a  pressure  of  70  pounds  per  tquare 
inch  by  the  following  method :  Place  a  small  pressure 
tank  over  ihe  boiler;  run  a  pipe  from  the  bottom  of 
this  tank  to  the  feed-pipe  or  the  boiler;  also  have  a 
pipe  connecting  the  top  of  the  tank  with  the  steam 
space  in  the  boiler,  each  of  these  pipen  to  be  pro- 
vided with  a  stop-vslve.  The  tank  will  alto  have  a 
pipe  leading  to  It  from  the  water  supply,  and  this 
pipe  will  be  fitted  with  a  stop-vslve.  My  plan  is  to 
close  both  connections  with  the  boiler  and  fill  the 
tank  by  opening  the  valve  in  the  pipe  from  the 
water  supply,  then  close  this  valve  and  open 
the  valve  in  tne  steam  pipe  connected  to  the  boiler 
until  the  pressure  in  the  tank  above  the  water  is  the 
same  as  the  pressure  in  the  boiler.  The  valve  in  the 
pipe  from  the  bottom  of  the  tank  ^111  then  beopened 
»o  as  to  permit  the  water  to  flow  to  the  boiler  by 
gravity.  We  now  use  ciiy  water  at  a  pressure  of 
70  pounds,  and  so  have  no  pump.    If  the  above  plan 
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Ifl  feulble,  we  can  use  a  large  amount  of  hot  water 
that  ia  now  wanted.         W.  A.  P.,  Pawtucket,  R.  I. 

An8.— The  plan  you  propose  is  perfectly  feasible. 
In  order  to  get  the  water  fit>m  the  s  .'pply  pipe  into 
the  tank  it  will  be  necessary  to  provide  a  vent  for 
the  escape  of  any  air  or  steam  it  may  contain;  a  cock 
or  small  valve  at  the  top  of  the  tank  will  serve  this 
purpose. 

♦*» 
(672)  (a)  Why  is  it  that  the  plain  triple  valves  are 
always  used  on  switch  engines?  In  switching  a 
good  msny  stops  and  starts  are  made  within  20  or 
no  mtnntes,  and  the  braking  power  gets  weak  for 
the  reason  that  the  anxillaries  do  not  have  time  to 


charge  properly  and  the  reverse  lever  must  be  nsed 
flrequently.  It  seems  to  me  that  if  the  qnick-actlon 
valves  were  u^ed,  the  train-line  pressure  would  be 
obtained  each  time.  Is  this  theory  wrong?  (b)What 
force  prodaces  the  greatest  stress— force  that  begins 
motion,  or  force  tnat  oea«es  motion?  (c)  Why  is 
sliding  friction  greater  than  rolling  friction  ?  (d)  If 
possible,  give  me  a  drawing  of  a  dynamo  that 
operates  the  electric  headlight  on  a  locomotive,  and 
tell  me  what  parts  are  subjected  to  diseases. 

R.  F.,  New  Orleans.  La. 
Am.— (a)  Plain  triple  valves  are  used  on  switch 
engines  in  preference  to  quick-action  triple  valves 
for  the  reason  that  they  serve  the  purpose  intended 
as  well  if  not  better  than  the  quick-action  triple,  and 
they  cost  oonsidersbly  less.  That  quick-aotioo  triples 
would  be  more  efficient  than  plain  triples  under  the 
circumstances  is  a  mistaken  idea,  due.  probably,  to 
an  imperfect  knowledge  of  the  operation  of  the  two 
valves  In  question.  The  statement  that,  in  your 
opinion,  trainrpipe  pressure  would  be  obtained  more 
quickly  if  quick-action  triples  were  used,  is  not  true, 
since  the  triple  valves  hsve  absolutely  nothing  to 
do  with  the  rate  at  which  train-pipe  pressure  is 
increased.  They  do,  however,  regulate  the  rate  at 
which  their  auxiliary  reservoirs  are  charged.  The 
quick-action  triple  valve  conUins  two  diMtinct  sets 
of  meohaniran:  one  set  is  called  the  aervice  part  of 
the  triple,  and  is  used  in  making  ordinary  or  service 
stops;  the  other,  called  the  quick-<icHon  part,  is  only 
used  in  cases  of  actual  emergency.  The  service  part 
is  practically  the  same  as  the  ordinary  plain  triple, 
and  its  operation  is  actually  the  same.  Hence,  for 
service  stops  the  plain  triple  is  equally  as  good  as 
the  quick  action  for  switch  engines.  Suppose  the 
engine  and  tank  were  fitted  with  quick-action 
triples,  and  consider  the  result  in  case  of  an  emei^ 
gency  application.  The  tank  of  a  switch  engine  is 
almost  always  light  in  both  oosl  and  water;  an 
emergency  application  with  quick-action  triples 
gives  a  brake  cylinder  pressure  of  about  60  lb.  per 
sq.  in.;  the  speed  of  the  engine  would  be  compara- 
tively slow,  and  brakes  hold  much  better  at  slow 
speed  than  at  high  .speed;  hence,  the  result  of  an 
emergency  sppli<-ation  would  be  to  skid  the  wheels, 
and  flat  wheels  would  result.  It  thus  will  be  seen 
that  plain  triples  for  switch  engines  are  the  better 
in  emergencies.  With  ordinary  triples  there  should 
be  no  trouble  in  recharging  promptly  while  switch- 
ing, provided  the  size  of  the  feed  groove  in  the 

triple  Is  not  reduced  by 

^^     r'A  gum  and  dirt,  and  the 

-  proper  excess  pressure 

^^^,,.-^.>^>.^.-c,^  -x^.-.^^.,,,,.,,^      Li  carried.    To  obtain 

'  ^  the   best  results,   the 

.      .  ^  1^  pump   should    be   in 

*"*""""     good   working   order, 

Fio.  1  the    main    reservoir 

should  be  of  ample 
capacity,  and,  after  releasing  the  brakes,  the  brake 
valve  should  be  carried  in  running  position,  so  that 
the  proper  excess  pressure  can  be  obtained,  (b)  If 
friction  is  neglected,  the  force  necessary  tostart  a  body 
moving  and  bring  it  to  a  certain  speed  will  just  equal 


FIO.2 


the  force  necessary  to  bring  it  to  rest  fh>m  that  speed. 
If  friction  is  considered,  the  force  required  to  start 
the  body  will  be  the  greater  for  the  reason  that  the 
force  of  flriotlon  tends  both  to  prevent  the  body 
moving,  and,  after  it  is  in  motion,  to  retard  its  motion 
and  bring  it  to  a  state  of  rest.  Friction,  therefore, 
acts  against  the  starting  force,  and  with  the  force 
that  stops  the  body,  (e)  Friction  between  two  bodies 
is  due  to  the  roughness  and  unevenness  of  their  sur- 
faces. Two  bodies  may  have  polished  surfaces  and 
to  the  naked  eye  may  appear  perfectly  smooth,  yet 
under  a  powerful  msgnilV'ing  glass  they  will  be  seen 
to  have  minute  elevations  and  depressions  that  fit 
into  one  another  as  shown  In  Fig.  1.  When  one  of 
the  bodies  is  made  to 
slide  over  the  other, 
these  elevations  are 
either  ground  off  or 
flattened  down.  In 
either  event  a  resist- 
ance to  the  movement 
is  olTered,  the  amount  : 
of  which  will  depend  [ 
upon  the  roughness  of  ^ 
the  sur&oes.  In  the 
case  of  rolling  friction, 

the  elevations  fit  into  the  depressions,  as  shown  In 
Fig.  2,  and  when  one  body  is  rolled  along  the  other 
the  action  is  somewhat  similar  to  that  of  a  toothed 
pinion  xpUing  on  a  rack.  The  tearing  and  flattening 
action  is  very  much  less  in  this  case  than  in  the  case 
of  sliding  friction,  hence  the  friotlonal  reststanee 
is  considerably  less,  (d)  Space  in  these  colnmns 
will  not  permit  of  our  giving  the  drawings  asked 
for.  Illustrations  of  the  dlffbrent  parts  of  the  elec- 
tric headlight  apparatus,  together  with  Instruotlons 
for  operating  and  for  oaring  for  the  electric  headlight, 
may  be  obtained  by  writing  to  the  Pile  Electric  Head- 
light Co.,  Monadnock  Block,  Chicago,  Hi. 

••» 

(573)  Please  give  me  some  information  regarding 
the  use  of  oil  for  fhel.  I  am  thinking  of  URing  It  in 
my  20  H.  P.  vertical  boiler  instead  of  the  coke  costing 
$5.60  a  ton  that  I  am  using  at  present.  The  oil  wiU 
cost  8  cents  a  gallon.  How  will  the  results  in  the 
two  cases  eompsre?  B.  K.  O.,  Chicago,  HL 

Ans.— The  advantages  of  using  crude  oil  for  Aiel 
are:  less  storage  space;  less  cost  pf  attendance,  thne 
being  no  manual  stoking  and  no  ashes  to  handle 
and  dispose  of;  smokeless  flring;  avoidance  of  the 
loss  due  to  repeated  opening  of  Are  door  (this 
objection  to  solid  friel  vanishes  when  mechanical 
stoking  is  adopted);  less  cost  of  fuel,  the  saving  in 
your  case  being  about  an  eighth.  Ttie  disadvantages 
are:  objectionable  odor;  danger  of  keeping  in  bulk, 
some  town  authorities  allowing  this  only  under 
harsh  restrictions;  vapor  given  off  is  explosive,  and 
necessitates  the  use  of  a  more  expensive  form  of  oil; 
the  necessity  for  either  steam  or  compressed  air  for 
injecting  and  spraying  the  oil.  It  would  thus  appear 
that  oil  fuel  is  chiefly  desirable  where  the  plant  is 
large  and  the  labor  involved  is  therefore  greatest 
In  such  cases,  the  use  of  oil  has  cut  down  the  labor 
as  much  as  75j(.  In  your  case,  the  one  man  would 
still  be  required,  whatever  the  fuel.  There  are  other 
and  special  reasons  for  using  oil  at  sea;  also.  In 
countries  where  coal  is  scarce  and  oil  is  plentifhl, 
the  use  of  the  latter  for  both  stationary  and  locomo- 
tive purposes  is  desirable.  If  you  decide  to  use  oil, 
and  can  get  steam  or  compressed  air  elsewhere, 
cover  your  grate  with  flrebrick  and  keep  the  ash-pit 
door  closed.  If  unable  to  get  steam  or  air,  leave  the 
grate  as  it  is  and  use  oil  as  an  auxiliary  to  the  coke. 
The  oil  is  fed  to  the  flrebox  by  an  injector  similar 
In  principle  to  the  boiler  injector.  We  subjoin  an 
outline  of  the  method  adopted  on  the  O.  £.  Railway. 
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SBgUnd:  on  enten  the  Injector  thitmgh  a  pipe 
fh>in  the  tender;  iteem  ttom  the  boiler  enters  the 
injector  and  formi  an  annular  Jet  that  epraye  the 
fteam  and  alio  indnoA  a  corrent  of  air  through  a 
central  air  tube  oonneotinc  with  a  hot-air  pipe 
leading  tnm  a  coil  In  the  ■moketwx.  Just  behind 
the  nossle  le  a  ring  containing  imall  holei  through 
which  fteam  flows  and  Impinges  on  the  escaping  Jet 
of  oU,  thus  helping  to  ftirther  break  up  and  spray  It 
This  escaping  steam  also  draws  a  current  of  air  Into 
the  box,  which  aids  the  combustion.  Thus  there  are 
two  bodies  of  steam  and  two  of  air  entering  the  box 
along  with  the  oil.  Two  Injectors  are  used,  the 
nossles  projecting  about  half  way  through  the  water 
space.  The  nossles  form  a  V  branch  at  the  end,  the 
result  being  to  send  the  two  outer  streams  straight 
across  the  box,  the  two  inner  ones  crossing  each 
other  at  the  center  of  the  box.  A  short  Tcrtical 
length  of  brick  runs  down  from  below  the  Junction 
of  the  arch  and  tube  plate,  forming  a  wall  toward 
which  the  streams  are  directed.  Athlnbedoflncan- 
descent  solid  tatH  is  kept  on  the  grate,  Its  rapid 
consumption  being  retarded  by  allowing  but  very 
little  draft  through  the  dampers.  These  engines  do 
the  same  work  on  2  pounds  of  oil  as  on  8  pounds  of 
coal.  Tour  boQer  being  already  made,  you  could 
inject  the  oil  through  the  fire  hole,  the  door  being 
dosed  except  for  that. 

«  » 

(574)  Please  give  me  some  information  as  to  the 
best  method  ox  laying  ott  key  seats  on  shafts  for 
compound  and  triple-expansion  engines  and  also  on 
the  same  shaft  at  dlArent  angles.  Is  thero  any  tool 
or  instrument  manufisctured  lor  this  purpose?  If  so, 
who  makes  it  7  N.  A.  K.,  Bankin,  Fa. 

AJI8.— There  are  quite  a  number  of  ways  of  laying 
off  the  key  seats  on  engine  shafts;  to  describe  them 
even  briefly  would  take  more  spaoe  than  we  can 
sparo  in  these  columns.  As  you  know,  there  are  a 
great  variety  of  designs  of  engine  shafts,  and  as  not 
all  shops  have  the  same  Csollitles,  the  )ob  of  laying 
out  the  keyways  is  one  that  is  governed  by  the  con- 
ditlons  of  each  particular  case  and  the  fkolllties 
available.  We  published  an  article  on  the  laying  off" 
of  eeoentric  keyways  in  the  November,  1808,  issue  of 
**  Home  Study  for  Machinists,  Etc*'  ttwn  which  you 
can  probably  obtain  some  ideas.  Yon  can  obtain  a 
copy  of  it  ttmn  The  Colliery  Engineer  Company, 
Soranton,  Fa.;  price,  5  cents.  We  do  not  know  of 
any  tool  or  instrument  for  this  purpose  except  the 
so-called  key-seat  rule  that  is  made  by  the  Brown  & 
Sharpe  Mannfiscturlng  Company,  Providence,  Rhode 
Island,  and  L.  8.  Starrett  A  Company,  Athol,  Mas- 
sachusetts. 


ELECTRICAL 


(675)  What  substance  or  combination  of  substances 
offers  the  greatest  resistance  to  the  passage  of  lines 
of  force?  C.  D.  (;.,  Fadflc,  Mo. 

Ams.— Diamagnetio  substances  offer  a  slightly 
higher  resistance  to  the  flow  of  magnetism  than 
air  or  other  non-magnetio  materials.  For  all  prac- 
tical purposes,  however,  an  air  space  and  all  non- 
magnetic substances  ofliBr  as  high  a  resistance  to 
magnetism  as  anything  that  can  be  obtained.  Bis- 
mntb  is  the  most  dlamagnetlo  substance,  but  the  dif- 
ference between  its  resistance  and  that  of  other 
non-magnetic  materials  is  Inslgnlflcant. 

•\ 

(676)  We  have  a  telegraph  line  268  miles  long, 
having  a  resistance  of  10  ohms  per  mile  and  contain- 


ing seven  16(M>hm  relays  in  the  circuit  According 
to  the  answer  to  question  No.  411,  in  the  September 
number,  our  lines  should  requlro  120  gravity  cells, 
whereas  we  only  use  60,  and  in  flne  weather  only  45, 
and  our  line  works  well  and  rapidly.  Please  explain 
the  discrepancy.        W.  A.  D.  P.,  Crlsaba,  Mexico. 

Ans.— If  you  use  polarised  relays  the  dlscropancy 
is  easily  explained,  because  they  requlro  much  less 
current  than  an  ordinary  neutal  relay  of  the  same 
resistance.  If  you  use  the  ordinary  lMM>hm  neutral 
ralay,  such  as  we  use  in  this  country,  we  can  dfor  no 
explanation,  except  that  you  aro  probably  mistaken 
concerning  some  of  your  data.  The  very  best  tele- 
grai^  en^eers  in  this  country  allow  at  least  80, 
and  moro  often  40  to  50,  milliamperes  for  a  drcult 
containing  ordinary  lMM>hm  neutral  rolays.  The 
solution  and  formula  given  in  answer  to  question 
No.  411  is  certainly  correct 


(577)  Please  explain  the  construction  of  an  electro- 
static  ground  detector.  What  material  is  used  for 
the  vanes?  What  is  their  shape  and  thickness,  and 
what  is  the  proper  distance  between  the  flxed  vanes 
and  the  movable  vanes? 

F.  M.yAxr  D.,  Furcell,  L  T. 

Am.— The  appended  sketch  illustrates  an  electro- 
static ground  detector.  Thero  aro  6  flxed  vanes, 
a,  5,  c  and  d,  and  two  vanes  set  into  the  base  of  the 


^!irr4rSS^ 


instrument,  under  vanes  e  and  d.  The  four  vanes 
a,  5,  c,  and  d  aro  connected  together  in  pairs,  as 
shown,  but  are  carefhlly  insulated  from  connection 
with  any  active  part  of  the  Instrument  One  of  the 
plates  insulated  on  the  base  of  the  Instrument  Is 
connected  to  one  line  wiro  and  the  other  base  plate 
to  the  other  line  wire.  Between  these  two  sets  of 
flxed  vanes  is  a  movable  vane  «,  mounted  on  a 
Jeweled  bearing  and  held  in  the  central  position  by 
a  spring  t  when  the  Instrument  is  in  its  normal  posi- 
tion. A  pointer  Is  attached  to  the  movable  vane. 
This  vane  is  carefhlly  Insulated  from  any  connection 
with  the  flxed  vanes,  but  is  connected  to  the  ground 
as  shown.  The  flxed  vanes,  which  may  be  made  of 
brass  or  aluminum,  are  each  about  4  inches  long  by 
2^  inches  maximum  width  and  about  t^  Inch  in 
thickness.  The  two  primary  flxed  vanes  are  in- 
sulated by  being  embedded  in  the  base.  The  mova- 
ble vane,  which  may  be  made  of  aluminum,  is  about 
8  Inches  long  by  3  Inches  maTJmnm  width  and 
A  inch  in  thickness.  The  sides  of  the  flxed  vanes 
fkclng  the  movable  vane  may  be  covered  with  hard 
rubber,  so  that  it  will  be  Impossible  for  the  movable 
vane  to  make  contact  with  any  of  the  6  flxed  vanes. 
Allow  a  space  of  |  Inch  between  the  movable  and  the 
flxed  vanes. 
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(678)  WbAt  ilie  of  raitUnce  wire  iboiild  be  nied 
In  makin«r  a  rheottat  to  be  used  on  a  100-toU  altcr- 
natlng-cuirent  line?  It  la  tbe  Wettlnghouse  trans- 
former system.  R.  O.  &,  Kingwood,  W.  Va. 

Anb.— Yon  do  not  ftimish  saffident  data  for  the 
pnrpose.  It  is  neoesiary  to  know  the  nature  of  the 
work  to  be  performed  by  the  rheostat;  the  amonnt 
of  cnrrent;  the  E.  M.  F.  of  the  line  and  the  desired 
drop  in  potential  between  the  tennlnals  of  ihe 
rheostat  when  all  the  resistance  is  in  dronit;  the 
number  of  resistance  steps,  if  the  apparatus  is  to  be 
used  to  regulate  the  speed  of  a  motor  or  the  amonnt 
of  eurrent  flowing  through  a  piece  of  the  apparatus; 
and  all  the  other  neoessai  y  information  for  a  oarefhl 
design. 

(579)  Please  explain  how  a  cross  between  two 
line  wires  may  be  located  with  and  without  an 
avsilable  good  wire.      J.  W.,  Richmond  Hill,  L.  I. 

Ans.— Probably  the  best  way  is  by  the  use  of  the 
Varley  loop  method,  which  Is  as  follows:  First 
open  or  Insulate  the  distant  ends  of  the  two  crossed 
wires  and  connect  the  near  ends  to  a  Wheatstone 
bridge  as  usual  when  measuring  an  unknown  resist- 
ance and  as  shown  at  (a).  Balance  the  Wheat- 
stone  bridge  in  the  usual  manner  and  let  the 
resistances  unplugged  in  the  three  arms  be  m',  n\ 
and  p',  respectiyely.  Then  JB,  the  unknown  resist- 
ance, is  found  solving  the  usual  Wheatstone  bridge 


proportion,  that  is,  U  -  ~^. 


Let  2  be  the  resist- 


ance at  the  cross  F,  such  as  a  third  wire  lying  across 
the  two  and  causing  the  cross.  It  also  Includes  all 
contact  resistances.  Let  y  be  the  resistance  from  B 
along  one  wire  to  the  cross  F,  and  let  as  be  the 
resistance  from  D  along  the  other  wire  to  the  cross  F. 
Then,  evidently,  the  resistance  measured  above  is 
Jg  -  z  +  e  +  y.  (1) 

Now  ground  either  wire,  say  D  E,  anywhere  beyond 
the  cross.   This  would  usually  be  accomplished  by 


requesting  the  distant  station,  at  the  beginning  of 
the  test,  that  is,  before  the  preceding  measurement 
of  R  was  made,  to  ground  D  £  at  the  end  of  a  certain 
time.  If  it  is  absolutely  impossible  to  communicate 
with  the  distant  station  and  there  is  no  ground  on 
either  wire  beyond  the  cross,  then  the  rest  of  t^ie  test 
cannot  be  carried  out,  and  about  the  nearest  you  can 
come  to  locating  the  cross  is  to  take  i  i2  as  the  resist- 
ance from  Dot  B  to  the  cross.  Half  the  resistance 
at  the  cross  will  be  included  in  this  result,  and 
hence  it  will  be  incorrect  by  that  amount,  which  is. 


of  course^  an  unknown  quantity.  Awuming,  how- 
ever, that  DE  iM  grounded  beyond  the  cross,  then 
connect  as  in  (&),  that  is,  oonneet  one  terminal  of 
the  battery  to  the  ground  O  Instead  of  to  D  u 
In  (a).  Again  balance  the  Wheatstone  bridge.  If 
m,  n,  and  p  are  now  the  unplugged  resistanossin  the 
three  arms  of  the  bridge,  then 
m  _  y  +  z 


p  +  x 


(2) 


By  solving  equations  (1)  and  (2)  for  x  we  get 
»  =  -^rr—'   Then,  by  dividing  x  by  the  resist- 

TO  -p  W 

ance  of  a  unit  length  of  the  wire  D  B,  the  distance 
fh>m  D  to  the  cross  along  the  wire  DE  is  obtained. 
If  the  sise  of  the  wire  DEi»  known  or  measured,  this 
resistance  per  unit  length  may  be  obtained  readily 
fh>m  a  wire  table.  In  case  a  third  good  wire  is 
available.  It  may  be  used  in  place  of  the  ground,  in 
the  last  figure.  That  is.  Instead  of  connecting  the 
battery  to  ground  at  &and  the  wire  DE  to  ground 
at  (T',  connect  them  both  to  th'is  third  good  wire. 
This  will  evidently  not  alter  the  test  or  the  result  in 
any  manner,  for  this  wire  merely  replaces  the 
ground  circuit. 

♦% 

(580)  (a)  Why  is  It  that  an  ordinary  magneto 
will  not  operate  an  Induction  coil  7  (b)  I  nave 
about  4,000  feet  of  No.  80  wire  that  I  wonld  like  to 
use  for  the  secondary  of  an  Induction  coil.  Please 
give  directions  for  making  a  ooil,  or  give  the  name 
of  some  book  on  the  subject. 

J.  E.  M.,  Cincinnati,  Ohio. 

Ans.— (a)  The  magneto-generator  armature  tar- 
nishes a  low-frequency  alternating  current.  If  the 
Interrupter  on  the  induction  coU  is  screwed  down 
BO  that  it  cannot  open  the  dronlt,  and  the  alter- 
nating current  fhim  the  magneto  sent  throogh  the 
primary  coil,  the  eifect  at  the  terminals  of  the 
secondary  coll  will  probably  be  slight.  The  primary 
coil  has  a  small  number  of  turns  t>f  wire  wound  on 
it,  and  the  eurrent  from  the  magneto  is  also  very 
small.  This  results  in  a  small  number  of  primary 
ampere  turns,  and  there  is  therefore  a  weak  magnetle 
effect  in  the  iron  core.  The  polarity  of  the  ooil  is 
changing,  due  to  the  alternating  current  in  the 
primary  coil,  but  as  the  magnet  flux  throo^  the 
core  is  weak,  only  a  small  E.  M.  F.  Is  set  up  in 
the  secondary  coll.  When  current  fh>m  a  battel  is 
sent  through  the  primary  coil,  and  the  drcolt  sud- 
denly opened  by  the  Interrupter,  the  current  In  the 
primary,  which  has  a  fUrly  large  value,  is  qnlokly 
stopped,  and  the  magnetic  lines  set  up  in  the  core  by 
this  current  suddenly  change  from  a  large  to  a  very 
small  number  of  lines.  This  rapid  change  In  the 
number  of  magnetic  lines  In  the  core  induces  a  high 
E.  M.  F.  In  the  flne-wlre  secondary.  (6)  '*  Induction 
Oolls,"  by  Bonney;  price  $1.00.  This  book  may  be 
purchased  from  The  Technical  Supply  Go.,  8cran> 
ton.  Pa. 

.•• 

.581)    (a)  How  must  dynamos  be  wound  In  order 


to  be  used  for  charging  storage  batteries?  (b)  Where 
can  such  a  dynamo  oe  obtained?  (e)  How  many 
cells  of  storage  battery  would  be  required  to  work  a 

tinch  spark  inducUon  coil?    (d)  Would  the  shock 
om  such  a  ooil  be  dangerous?    («>  What  wonld  be 
the  voltage  of  the  coll  ?    J.  K.  F..  Chewsvllle,  Md. 

Ans.— (a)  As  shunt  or  oompound-woond  direct- 
current  dynamos.  (5)  Fromanyof  theweU-known 
makers  of  dynamos,  such  as  the  Qeneral  Electric 
Co.,  Schenectady,  N.  Y.,  or  the  Crocker-Wheeler  Co., 
89  CorUandt  St..  New  York  aty.  (e)  Three  cells 
would  be  sufficient,  (d)  Yes.  (e)  It  would  depend 
largely  upon  the  quickness  of  the  break  at  the  point 
of  the  primary  ooil  interrupter  and  upon  the  shape 
of  sparking  terminals.   When  the  eoll  is  delivering 
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4-inoh  ipftrkt,  with  ^ne^dle-polntad  sparking  terml- 
nalf,  the^E.  M4F.  acroM  the  terminals  of  the  second- 
ary ooU  will  probably  be  fh>m  10,000  to  12,000  TOlto. 

''  (682)  Please  give  an  Illustration  and  description 
of  the  most  approved  under|rronnd  contact  deyfce  In 
use  on  the  undenronnd  trolley  system. 

T.  Cf.  H..  Baltimore,  Md. 
Aim.~The  dOTice  used  to  convey  the  current  from 
one  of  the  conductor  rails  in  the  condalt  to  the 
electrical  apparatus  on 
the  car  and  back  to  the 
'  other  conductor  rail,  is 
called  the  car  plow.  The 
accompanying  illustra- 
tion shows  the  style  of 
car  plow  used  in  New 
York  City,  a  represents 
the  shank  of  the  plow, 
which  is  A  inch  in  thick- 
ness, including  the  wear- 
ing plates.  It  is  made 
up  of  two  steel  plates 
with  spacing  plates  be- 
tween them,  so  arranged 
as  to  provide  grooves  in 
whichare  placed  flexible 
wires,  connected  at  the 
top  of  the  plow  to  the  car 
leads  <,r.  These  wires 
come  out  through  5.  the 
wooden  base  of  the  plow, 
and  are  connected  to  the 
cast-iron  plow  shoes  d 
and  d'.  The  shoes  are 
held  in  contact  with  the 
:  conductor  rails  by  the 
thin  steel  springs  cand  e'. 
Insulating  blocks  e  and 
&  are  placed  between 
the  shoes  and  the  shoe 
springs.  The  car  plow  is  mounted  under  the  car 
body  in  such  a  manner  as  to  be  easily  moved  fh>m 
one  side  of  the  car  to  the  other.  The  slot  rails  may 
therefore  be  to  one  side  of  the  center,- between  the 
rails.  The  plow  extends  downward  between  the 
slot  rails,  to  make  contact  with  the  conductor  rails 
on  each  side  of  the  eonduit. 

(688)  (a)  I  was  recently  informed  that  a  dynamo 
to  be  installed  here  to  light  the  ore  dock  is  to  ramish 
current  for  both  arc  and  incandescent  lamps.  What 
kind  of  apparatus  and  what  kind  of  a  dynamo  would 
be  used  for  such  a  system?  If  an  armature  were 
provided  with  two  windings  and  two  commutators, 
one  for  constant  current  and  the  other  for  constant 
potential,  both  utilizing  the  same  field,  would  it  be 
possible  to  regulate  the  potential  to  the  required 
figure  in  both  drculM?  If  so,  by  what  means?  (b) 
Has  the  Tesla  oscillator  and  lighting  by  phosphor- 
escence been  put  to  any  practical  use? 

V.  K.,  Escanaba,  Mich. 

Ana.— (a)  The  dynamo  referred  to  is  doubtless  a 
constant-poteotial  direct-current  machine,  or  else  a 
constant-potential  alternator.  If  constant- potential 
direct-current  is  used,  enclosed  arc  lamps  will  likely 
be  operated  in  parallel  in  the  same  way  as  the 
incandescent  lamps.  If  alternating  current  is  used, 
eoeloBed  constant-potential  alternating  lamps  fed 
fkom  ordinary  transformers  may  be  employed.  Alter- 
nating constant  current  lamps  may  also  be  operated 
flrom  a  constant-potential  alternator  by  using  a 
special  transformer  that  will  transform  from  con- 
stant potential  to  constant  current.  A  number  of 
systems  are  now  on  the  market  by  means  of  which 
an  ordinary  constant-potential  alternator  can  oper- 
ate arc  lamps  in  series  and  at  the  same  time  operate 


incandescent  lamps  in  the  ordinary  way.  In  the 
case  yon  mention,  it  is  very  likely  that  direct  cur- 
rent at  constant  potential  will  be  used  if  the  dis- 
tances are  not  long,  in  which  case  the  lamps  will  be 
operated  in  parallel  either  singly  or  in  groups  of  two 
in  series.  It  would  hardly  be  practicable  to  make  a 
machine  of  the  kind  you  mention,  having  a  field  com- 
mon to  both  armatures.  In  the  constant-current 
machine,  the  changes  in  field  strength  caused  by  the 
heavy  armature  reaction  and  neceeuury  for  constant 
current  regulation,  would  make  it  practically  impos- 
sihle  to  keep  the  pressure  uniform  on  the  constant- 
potential  side.  (6)  No;  lighting  by  this  means  has 
not  progressed  beyond  the  experimental  stage. 

♦*♦ 
(884)    Please   explain    the  following  statements 
that  seem  to  be  contradictory.    The  velocity  of 
sound  waves  through  a  medium  is  given  by  .the 

formula,  v  =  ^-^,  in  which  v  represents  the  velocity, 

E  the  elasticity,  and  d  the  density,  all  expressed  in 
absolute  units.  In  Daniel's  Principles  of  Phjrdcs  I 
find  the  statement:  "Gases  *  *  *  have  elasticity  of 
volume  only  and  in  this  they  are  perfect."  It  is  a 
well-known  fkct  that  sound  is  transmitted  more 
rapidly  through  steel,  for  instance,  than  through  a 
gas  such  as  air.  The  steel  is.  of  course,  much  more 
dense  than  the  air  and  its  elasticity  is  not  perfect. 
Is  it  true  that  gases  have  volume  elasticity  only  and 
is  it  by  virtue  of  volume  elasticity  that  sound  is 
transndtted?  C.  H.  A. 

Aivs.~In  the  formula  you  have  quoted,  S  is -the 
modulus  of  elasticity  of  any  medium  in  which  the 
sound  wave  travels;  E  may  be  defined  as  the  rate 
of  change,  in  a  unit  of  a  body,  of  the  stress  with 
respect  to  the  strain.  Hence  the  modulus  of  elas- 
ticity of  a  gas,  that  is,  its  volume  elasticity,  is 
measured  by  the  limit  of  the  ratio  (that  is  the  rate 
of  change)  of  any  small  change  of  pressure  (stress) 
to  the  corresponding  change  of  unit  volume  (strain). 
Thus,  if  a  perfect  gas  has  a  pressure  of  2  and  a 
volume  of  6  and  the  pressure  be  doubled,  the  volume 
will  be  reduced  to  ^  of  6,  or  8;  that  is,  each  unit 
volume  is  reduced  to  ^  a  unit  volume.  The  increase 
in  the  pressure  is  4  —  2  »  2.  Hence,  the  ratio  is 
2 

r^  a  4.  But  4  is  now  the  pressure  of  the  gas.  There- 
fore, £  =  p  for  a  gas,  as  you  will  find  stated  in  your 
Daniel's  Physics.  While  the  elasticity  of  a  solid  is 
not  perfect,  by  any  means,  still  the  modulus  of  elas- 
ticity is  so  much  greater  than  it  is  for  a  gas  that  it 
requires  an  enormously  greater  force  to  compress  a 
cubic  inch  of  steel  a  certain  amount  than  to  com- 
press a  cubic  inch  of  any  gas  the  same  amount. 
Although  the  density  of  steel  is  much  greater  than 
the  density  of  a  gas,  still  the  modulus  of  elasticity 
of  steel  is  so' very  much  greater'  than  the  pressure 
of  a  gas  that  the  velocity  of  sound  through  steel  is 
greater  than  through  air.  It  is  true  that  gases  have 
volume  elasticity  alone.  If  a  gas  possessed  abso- 
lutely no  elasticity  it  would  not  transmit  sound, 
and  hence  it  is  due  at  least  partially  if  not  wholly 
to  its  elasticity  that  sound  is  transmitted  through  it. 

«•» 

(585)  Please  give  me  a  process  by  which  I  can 
recoat  carbon  brushes,  such  as  are  used  on  motors. 
Kindly  give  the  cheapest  method  yon  know  of. 

A.  B..  SaltXake  City,  Utah. 

AifB.— The  carbons  may  be  coated  by  electroplating 
them.  Make  a  solution  as  follows:  sulphate  of  cop- 
per (bluestone),  1  lb.;  sulphuric  add,  1  lb.;  water, 
1  gallon.  The  sulphate  of  copper  is  dissolved  in  hot 
water,  after  which  cold  water  is  added  until  the 
quantity  named  is  made  up.  The  sulphuric  add  is 
then  added,  and  after  the  solution  has  become  cool, 
it  is  poured  into  the  depositing  vessel.  The  vessel  in 
which  the  plating  Is  carried  on  may  be  dther  of  glass 
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or  wood,  bat  In  either  caie  it  thoald  be  thoroughly 
cleaned  before  oiing.  Hang  a  copper  plate  in  the 
■olution  and  connect  it  to  the  poeltlye  pole  of  a 
dynamo  or  a  number  of  cells  of  gravity  battery,  to 
that  the  current  will  flow  trom  the  plate,  through  the 
■elation,  to  tbe  braihea.  Suspend  the  bruahea  by 
means  of  copper  wire,  so  that  they  msy  be  connected 
to  the  negative  pole  of  the  dynamo  or  battery.  A. 
resistance  should  be  included  in  the  circuit,  in  order 
Co  regulate  the  current.  If  the  current  is  too  strong 
the  deposit  will  be  rough  and  granular  in  chazaeter, 
and  wUl  not  likely  adhere  weU. 


(686)    (a)  What  U  meant  by 
•        T"?    (b)  What  is  meant   bv 

rive  directions  for  making  a  spark  coil 


_      aging  of  a  trans- 

What  is  meant   by  **  motoring  "f 


former  "t  '  (b 

(e)  Please  giv     „      -^ 

for  gas  lighting  to  operate  two  burners,  (d)  Doetf 
electricity  have  any  physical  effect  on  wire?  I  have 
noticed  that  old  wire  removed  fh>m  buildings  is 
more  brittle  than  new.  {e)  Please  give  in  brief 
the  theory  of  metallic  and  electrolytic  oondnotion. 
if)  Not  long  ago  I  was  helping  on  a  swritchboard 
which  was  to  have  a  voltmeter  switch  arranged  with 
three  push  buttons,  one  for  bus-bar  voltage,  one  for 
positive  ground,  and  one  for  negative  ground.  It 
was  foaiid  that  ttiis  combination  wonld  snort-circait 
the  bas-b4rs.  What  I  would  like  to  know  is  whether 
it  could  be  done  with  these  three  buttons. 

C.  B.  a,  Baltimore,  Md. 
Am.— (a)  In  the  cores  of  all  transformers  there  is  a 
loss  in  energy  known  as  the  hyUeruis  loss,  which  is 
caused  by  the  resisUnce  that  the  iron  oilers  to  having 
its  magnetism  changed.  It  is  generally  attributed 
to  a  kind  of  molecnlar  friction  in  the  iron.  It  it 
found  that  this  loss  in  transformers  increases  after 


A- 


A- 


B-k- 


n 


(b) 


~^ 


the  transformer  has  been  in  use  for  some  length  of 
time,  and  this  increase  in  hysteresis  loss  is  known  as 
"  aging."  The  increase  may  be  quite  large  if  care  is 
not  exercised  in  selecting  the  quality  of  the  iron 
used  in  the  transformer  core.  (6)  "Motoring"  is  a 
term  sometimes  used  to  designate  that  a  machine 
which,  under  normal  conditions,  runs  as  a  dynamo, 
is  made  to  run  as  a  motor  by  current  from  some 
other  machine  flowing  back  through  it. '  For  ex- 


ample, when  two  dynamos  are  running  in  par- 
allel and  the  voltage  of  one  of  them  dropa  so  low 
that  current  from  the  other  flows  back  through  it 
and  runs  it  as  a  motor,  the  machine  is  spoken  of  as 
being  "motored."  («)  Make  up  a  core  8"  long  and 
f"  in  diameter,  of  straight  annealed  iron  wire  (about 
No.  18).  Provide  this  with  two  wooden  heads  about 
f  thick,  and  after  InsuUting  the  core  wind  on  It 
about  4  layers  of  No.  18  B.  AS.  double  cotton-covered 
wire,  (d)  The  flow  of  current  through  ci«pper  wire 
makes  it  slightly  more  brittle,  but  the  old  wire  you 
noticed  may  have  been  drawn  harder  in  tbe  first 
place  than  the  new  wire. '  {e)  Space  does  not  permit 
«s  to  give  an  outline  of  the  theory  of  oondnotion  in 
electrolytes  and  metals  that  would  be  at  all  satisfac- 
tory. We  would  advise  you  to  read  this  matter  up 
in  8.  P.  Thompson's  "Elementary  Lessons  in  Elec- 
tricity and  Magnetism"  or  Oliver  Lodge's  "Modem 
Views  of  Electricity."  Both  of  these  books  may  be 
procured  from  The  Technical  Supply  Co.,  Scran  ton. 
Pa.  <  / )  This  may  be  accomplished  by  slightly  modi- 
fying one  of  the  push  buttons.  The  accompanying 
sketch  (a)  shows  the  arrangement,  button  h  being 
provided  with  an  extra  contact  z  which  remains 
closed  as  shown  when  the  button  is  not  in  use.  To 
get  the  bus-bar  voltage,  press  a  and  h.  To  test  for  a 
ground  Q  on  the  -f  side  JB,  press  h  and  e.  To  test  for 
a  ground  on  the— side  A,  press  a  alone.  Sketch  (d) 
shows  a  neater  arrangement,  using  two  double- 
ooiitaot  push  buttons.  In  this  case,  both  buttons  are 
pressed  to  get  the  bus-bar  voltage.  For  a  ground  on 
JB,  press  6.  For  a  ground  on  A^  press  a.  Of  coarse^ 
the  double-contact  push  buttons  most  be  arranged 
so  that  the  back  contact  is  broken  beforo  the  fhmt 

contact  is  made. 

* 

(697)  (a)  Gould  copper  be  plated  with  copper  to  a 
thtckuen  of  i^  inch  with  the  apparatus  you  describe 
in  the  July  niimk>er  under  the  head  of  "Galvanom- 
eter" ( page  818J  T  (6)  Can  you  recommend  a  treatise 
on  the  subject f  J.  H.  P.,  Cleveland.  O. 

Am.— (a)  Yes.  it  could  be  done,  but  the  apparatus 
there  described  is  not  well  adapted  for  practical 
electroplating  work.  It  would  be  somewhat  diflK- 
cult  to  get  a  perfectly  even  coating  ^  inch  thick, 
but  you  should  have  no  dlflicnlty  in  doing  it  with  a 
regular  plating  outfit.  Yon  can  obtain  frill  particu- 
lars relating  to  such  an  outfit  by  writing  to  Gray 
<b  Go.,  Miami  Building,  Cincinnati,  O.  (b)  "  Electro- 
platers'  Handbook,".  1^  O.  E.  Bonney,  may  be 
obtained  firom  The  Technical  SupplylOo..  Scranton, 
Pa.    Price,  $1.20. 

(688)  The  cars  on  the  42nd  SL  and  Grand  St  cross- 
town  lines  aro  run  by  an  electric  battery.  Every 
second  or  third  trip  they  run  the  car  into  the  house 
and  replace  the  battery.  I  wish  to  make  a  battery 
large  enough  to  drive  a  small  motor  from  |  to  l  H  P. 
and  to  operate  from  10  to  12 16  c.  p.  lamps.  Will  yon 
please  give  me  full  particulars  for  making  it,  what 
carbons,  sine,  acid,  wire,  etc  to  use? 

L.H..  New  York  City. 

Aug.— The  batteries  you  rofer  to  are  storage  bat- 
teries and  are  made  out  of  lead.  Zinc  and  carbon 
are  not  used  in  their  construction.  These  batteries 
are  charged  up  from  a  dynamo  and  they  aro  the 
only  kind  that  would  be  practicable  for  the  amount 
of  power  you  need.  It  would  be  very  expensive  and 
troublesome  to  supply  about  2  H.  P.  as  you  wish  to 
from  primary  batteries  using  carbon  and  sine  Yon 
will  find  instructions  for  making  a  storage  battery  in 
the  June,  1900,  number  of  SaKNCB  akd  Imdiistry. 
The  number  of  cells  required  would  depend  upon 
how  long  you|wished  tofoperate  th^amp^uid  motors 
without  recharging  the^ttery.  To  (operate  the|lO 
lamps  andfat  the  same  time  supply  \  horsepower  to 
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the  motor  for  a  period  of  1  hour,  would  require 
about  80  oelli  of  the  kind  described  in  the  article 
referred  to. 

•♦« 

(588)  The  aocompanrlng  sketch  shows  a  lami- 
nated iron  magnet.  What  is  the  proper  sise  and 
amount  of  wire  Co  wind  this  for  alternating  current, 
104  Tolts.  16,000  altemationsT  I  wish  to  get  the 
greatest  magnetizing  power  possible  with  a  reason- 
ahle  amount  of  current.  Give  method  of  figuring 
also.  F.  M.  v.,  Purceliri.  T. 

A]fB.~With  a  frequency  as  high  as  16,000  alterna- 
tions per  minute  it  will  not  be  advisable  to  work 
with  a  magnetic  density  in  the  iron  much  higher 
than  25,000  lines  per  square  inch,  otherwise  the  loss 
in  the  car  will  become  excessive  and  cause  heating. 
The  frequency  Is  16,000  alternations  per  minute,  or 

^^  «  188  cycles  per  second.   The  voltage  to  be 

ZXOD 

applied  is  104.  The  part  of  the  applied  voltage 
necessary  to  overcome  the  ohmic  resistance  will  be 


r-//H- — ^^  —*\^/f- 


very  small  compared  with  that  required  to  over- 
come the  counter  £.  M.  F.  in  the  coil,  and  it  will  be 
sufficiently  correct  to  assume,  in  this  case,  that  the 
winding  generates  104  volts  counter  E.M.F.  We 
nave  the  formula  giving  the  relation  between  the 
E.  H.  F.,  £,  frequency  n,  total  flux  N,  and  turns  7  as 

#An^w-  J,  ^-^NTn,  ,^^  -,  ^X  100.000.000 
foUows:  E ^^^;  hence,  T  -  -  4  ^j^^-^p- • 

AMumlng  that  the  laminated  iron  core  is  90)(  iron, 
the  cross-section  of  the  magnetio  circuit  threading 
the  eoils  is  if'  X  4''  X  .9  =  6.8  sq.  in.,  and  since  the 
magnetio  density  is  to  be  25,000,  the  total  magnetio 
flux  is  25,000  X  6.8.    We  have,  by  subsUtuting  in  the 

nearly.  The  magnet  would,  therefore,  be  wound 
with  two  coils  of  56  turns  each,  connected  in  series. 
The  file  of  wire  will  depend  on  the  current,  and 
this,  in  turn,  depends  on  the  reluctance  of  the 
magnetic  circuit  and  the  hysteresis  lots  in  the  core. 
The  reluctance  will  vary  greatly,  depending  upon 
whether  or  not  there  is  an  armature  on  the  magnet. 
It  will  be  advisable,  therefore,  to  use  a  wire  of  lib- 
eral cross  section,  say  No.  10  B.  &  S. 


(590)  What  rules  are  in  use,  in  cities  of  70.000 
inhabitants,  in  the  United  States,  to  obviate  the 
induction  between  telephone  and  other  line  wires 
that  run  parallel  and  near  together  7  The  telephone 
company  here  use  a  ground  return.  The  tele- 
phone wires  and  our  lines  are  never  closer  than 
4  feet.  The  telephone  company  claims  that  we 
should  move  our  wires  away  from  theirs  to  avoid 
induction  and  we  claim  that  the  most  natural 
remedy  is  for  them  to  use  a  metallic  return. 

£.  D.,  Monterey,  Mexico. 

Ams.— To  our  knowledge  there  are  no  rules  for 


avoiding  induction  by  regulating  the  distance 
between  telephone  and  other  line  wires  In  any  city 
In  this  country.  It  has  been  deeided  and  is  well 
recognised  that  the  remedy  Is  in  the  hands  of  the 
telephone  companies.  When  they  are  seriously 
troubled  by  induction,  their  only  remedy  is  the  use 
of  a  complete  metallic  circuit,  two  line  wires  for 
each  telei^ne  dreuit,  and  the  transposing  of  each 
pair  of  wires  as  often  as  necessary.  They  cannot 
compel  any  other  company  to  move  or  alter  the 
disposition  of  their  line  wires  merely  in  order  to 
reduce  or  to  avoid  the  disturbing  current  that  the 
latter  lines  may  induce  in  the  telephone  lines. 


(501)  What  is  commonly  meant  in  telegraph  par- 
lance oy  a  *'  double-wound  relay  "  r 

W.  M.  L.,  Mt.  Savage,  Md. 

Ans.— DifTerential-wound  relays  are  fluently 
called  "double-wound  relays."  The  latter,  how- 
ever, is  not  a  good  term,  because  a  multiple-wound 
relay  might  equally  as  well  be  spoken  of  as  a  double- 
wound  relay.  A  diirerentlal-wonnd  relay  is  one 
containing  two  windings  so  connected  that  the 
current  divides  and  an  equal  amount  flows  in  each 
winding  In  opposite  directions,  producing  as  a  con- 
sequence no  magnetism  in  the  cores  of  the  relay. 
However,  if  the  current  passes  through  either  coil 
alone  the  relay  is  magnetised.  A  multiple-wound 
relay  is  very  similar,  but  the  coils  are  so  connected 
that  the  current  in  each  coil  helps  that  in  the  other. 
Many  railroad  companies  have  been  changing  their 
ordinary  150-ohm  relays  to  87.5  ohms  by  connecting 
the  two  coils  in  parallel  Instead  of  in  series. 


(592)  How  can  I  wire  lamps  to  secure  any  resist- 
ance from  them  T  O.  M.  D.,  Tonkers,  N.  Y . 

Ans.— The  accompanying  sketch  shows  a  form  of 
lamp  board  that  might  be  used  to  give  a  consider- 
able range  of  resistance.  The  actual  range  obtained 
would  depend  upon  the  number  and  sise  of  lampe. 
In  this  case  we  have  shown  58  for  the  sake  of  illus- 
tration; 2, 1  are  the  lamps  divided  into  five  groups 
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teiiui  M)  latmnr. 


A,  B,  C,  D,  E,  each  group  controlled  by  a  switch  9. 
We  have  here  shown  snap  switches,  but  small  knife 
switches  would  be  more  durable.  The  individual 
lamps  may  be  cut  out  by  screwing  them  out  slightly 
in  their  sockets.  The  highest  resistance  obtainable 
is  that  of  8  lamps  in  series,  and  the  lowest  that  of  all 
the  lamps  or  series  of  lamps  in  multiple. 
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BUILDING  TRADES 


Upon  labstltatlng  these   vmluee  In  the 

^'  It  beoomeeP  -  Z?.«»XJ6^  whenoePh 


P=- 


(508)  (a)  le  it  ix>eiible  to  constraot  a  fwojeotiiiff 
gailenr  or  platform  u  shown  In  Fig.  1?  (5)  How 
may  tnediMsrepancT  between  the  areaa  of  the  eereral 
flgurei  shown  in  Flff.  2  be  explained,  when  they  all 
have  the  same  penmeter?  (c)  6i7e  a  fonnala  by 
which  the  force  or  wind  preerare  required  to  pntn 
over  a  wall  may  be  obtained,  and  explain  br  an 
«xample.  Alto  what  force  will  be  reqnirtd  if  ap- 
plied only  at  the  top,  at  deifgnated  in  Tig.  8. 

J.  M.,  Ja.,  Belle^Ue,  m. 

Am.— (a)  Hardly:  theleyertge  would  be  too  great, 
and  the  ehanoet  are  that  the  I  beam  spanning  the 


J^^-l/- 


Fig.  2 


FIQ.1 

opening  would  be  twitted  out  of  place  or  that 
the  strain  upon  the  connection  would  be  more  than 
It  could  poitibly  ttand.  A  fkr  better  way  would 
be  to  K>  arrange  the  gallery  or  platform  that  Itt  tup- 
porting  beamt  would  extend  through  the  wall  above 
the  betmt  tpanning  the  wall  opening  and  be  secured 
to  the  floor  system,  well  Intide  of  the  building,  {b) 
There  it  no  relation  exitting  between  tbe  perimeten 
and  the  areas  of  dls- 
timilar  flguret.  The 
circle  it  theonly  geo- 
metrical figure  that 
atUins  the  maxi- 
mum area  endoted 
within  a  minimum 
length  of  perimeter. 
The  lett  any  geomet- 
rical figure  reiemblet  a  circle  in  which  every 
point  in  the  perimeter  it  equally  dittant  ftt>m 
the  center,  the  greater  it  Itt  perimeter  in  oompari- 
ton  with  lu  area,  (c)  The  formula  by  which  the 
wind  preiture  necetsary  to  overturn   an  untup- 

ported  wall  may  be  ttated,  it  P  «  ~^.    In  this 

formula,  P  =  the  entire  wind  pressure  required  to 
overturn  tbe  wall  (tbe  preraure  per  tquare  foot  Is 
obtained  by  dividing  P  by  the 
ex  poied  area  of  the  wall  in  square 
feet);  W  =•  the  weight  of  the  wall 
in  pounds;  l'  =  the  distance  in 
feet  from  a  vertical  line  passing 
through  the  center  of  gravity  of 
the  wall  to  a  point  one-sixth  of 
the  width  in  from  the  edge  of  the 
wall  at  the  bearing  surface;  and 
I  =>  the  distance  in  feet  from  the 
base  of  the  wall  to  the  center 
of  the  action  of  the  wind  pressure. 
For  example,  assume  that  a  brick  wall  15  feet  high,  20 
feet  long,  and  2  feet  thick  has  no  support  but  the  sta- 
bility created  by  its  own  weight.  The  weight  of  the 
wall,  if  laid  in  cement  mortar,  is  about  130  pounds  per 
cubic  foot,  and  figuring  on  this  basis,  its  entire 
weight  U  equal  to  15  x  20  x  2  x  1»0,  or  78,000  pounds. 
The  disUnoe  T  —  8  inches,  or  .66  foot,  while  the  value 
of  I  »  one-half  the  height  of  the  wall,  or  7.5  feet. 


FiQ.8 


/" ~  7.6 

found  to  equal  6  8M,  and  the  pressure  per  tquare 
foot  »  8,864  -«-  800»  or  22.8  pounds,  which  could  only 
be  produced  by  a  great  gale.  A  oonoeotrated  force 
at  the  top  of  the  wall  would  more  than  likely  dettroy 
the  brickwork  at  the  top  of  the  wall  before  It  would 
overturn  It.  The  theoretical  force  necettary  to  over- 
turn the  wall  when  applied  at  the  top  may  be  readily 
figured  by  the  tame  formula  at  given  above,  letting  C 
equal  the  dtttance  from  the  bate  of  the  wall  to  the 
line  of  action  of  the  force. 


(6M)  (a)  What  It  the  best  manner  of  erecting  a 
fireproof  vaolt  for  a  bank?  (5)  How  can  It  be  aired 
If  placed  In  the  Interior  comer  of  the  buildlngf  (e) 
Since  the  vault  it  to  be  two  ttoriet  In  height,  the 
lower  ttory  being  In  the  batement  and  tha  other  on 
a  level  with  the  floor  above,  how  can  the  floor  sepa- 
rating the  two  ttoriet  and  the  roof  of  the  vault  be 
constmctedT  J.  E.  C.  D.,  Montreal,  Can. 

Am.— (a)  The  best  oonstmotlon  for  a  fireproof 
vault  Is  to  make  tbe  walls  of  briek.  The  brick  walls 
should  be  hollow,  that  Is,  they  should  consist  of  two 
walls  with  a  8-  or  4-Inch  air  spaoe  between.  It  Is 
usual,  In  constructing  such  vaults,  to  make  the 
exterior  wall  about  12  Inches  In  thickness  and  the 
Interior  wall  9  Inches.  Such  vaulu  are  sometimes 
damp,  and  are  then  celled  on  the  Inside  with  wood 
sheathing.  Fire  experts  do  not,  as  a  mlci,  consider 
such  a  lining  disadvantageous,  as  wood  Is  an  excel- 
lent non-conductor  of  heat  and  Is  not  combustible 
when  excluded  from  the  air,  as  In  a  vault.  All  fire- 
proof vaulu  should  always  be  provided  with  the 
regulation  vault  door,  6  or  8  Inches  thick,  made  of 
steel  plates,  and  filled  with  a  fire-reslsting  cement 
The  frames  of  such  doors  are  likewise  of  Iron  or 
steel,  and  are  built  In  the  brickwork.  All  of  the 
companies  who  manufacture  safes  build  and  keep  In 
stock  such  doors,  which  are  provided  with  combina- 
tion locks.  (5)  There  are  no  means  of  adequately 
ventilating  such  vaults,  as  openings  of  any  kind 
would  dettroy  their  efllciency.  For  this  purpose  a 
door  at  each  end  is  sometimes  provided  where  It  Is 
possible,  though,  owing  to  the  site  of  the  vault  in 
question,  ample  ventilation  may  be  had  through 
the  one  door,  (e)  The  floor  between  tbe  stories, 
that  is,  between  the  upper  and  lower  vault,  may 
be  constructed  by  supporting  thick  slabs  of  blue- 
stone  supported  on  I  beams.  The  stone  should 
be  from  4  to  5  inches  think.  The  roof  may  be 
made  by  springing  brick  arches  of  short  span  between 
the  sides  of  the  vault  and  I  beams  and  filling  In 
over  the  top  with  concrete,  making  the  roof  about 
12  inches  thick.  The  brick  arches  will  be  amply 
strong  If  made  one  brick  In  thickness,  or  4  Inches,  as 
the  concrete  filling  adds  greatly  to  Its  strength. 

•♦• 

(505)  I  desire  to  know  what  cementing  material 
the  ancients  used  In  laying  tile  floors.  I  have  laid  a 
mosaic  floor  in  cement,  but  it  will  not  stay  down;  it 
gradually  works  up  and  requires  constant  relaying. 
Will  you  tell  me  what  is  the  trouble  and  bow  I  may 
remedy  it?  A.  B.,  Salt  Lake  City,  Utah. 

Am.— While  most  of  the  cementing  materials  used 
by  the  ancients  have  been  analysed  and  their  chem- 
ical constituents  determined,  the  actual  materials 
used  and  the  processes  of  preparation  are  unknown 
and  they  have  not  been  reproduced  in  modem  timea 
The  important  feature  In  all  mosaic  work  Is  to  have 
a  solid  foundation  of  either  brick  or  oonerete,  with- 
out which  it  Is  impossible  to  secure  a  good  Job.  Alter 
the  foundation  is  laid  it  should  be  swept  elesn  and 
well  dampened.  The  tiles  should  also  be  soaked  in 
water  for  some  time  before  they  are  used.  If  this 


Digitized  by 


Qoo^^ 


ANSWERS  TO  INQUIRIES 


703 


prMAation  is  not  taken,  th«  briok  or  tile  will  abiorb 
water  from  the  thin  layer  of  cement  between  them, 
maklnt  it  powdery  and  veeleei.  Only  the  beit  Pert- 
land  oement  ehoold  be  used,  the  American  brands, 
when  fresh,  being  eqnsJ  to  most  of  the  RngHsh.  The 
osment  should  be  mixed  rather  thin,  without  Muid. 

(506)  Please  explain  method  of  finding  the  ota- 
reot  angle  of  dlTenence  between  the  flaring  sides 
of  hopper  shown  In  the  accompanying  sketch. 

A.  jTPhlladelphla,  Pa. 

Am.— After  completing  the  plan  and  elerations 
shown  In  the  figure,  draw  an  obliqae  deTatlcn  as 
at  (a)  In  which  one  of  the  hips  of  the  hopper  will  be 


shown  in  its  trae  length— that  is,  a  b  at  (a).  At  any 
conyenlent  place  draw  the  line  ed  perpendlenlar 
to  a  &  as  shown,  and  project  the  points  of  Inter- 
section to  the  plan  at  s,/,  and  g.  Oonstmct  at  (b) 
a  fUlTlew  of  the  foreshortsoed  triangle  efg  by  aid 
of  psojectots  drawn  at  right  angles  to  those  from  the 
Tlew  at  <a).  The  angle  formed  between  the  lines  w  x 
and  xy  In  the  fhll  Tiew  at  (b)  then  is  the  correct 
angle  of  dlTsrgence  between  the  sides  of  the  hopper 
—in  other  words,  the  diedral  angle  of  the  two  planes. 


(&97)    In  a  recent  ciTll-seryice  examination  the 

ollowlng  qusetion  appeared:    *' Describe  ranging 

timber  ana  guOage  foondatlon."    I  haye  heard  of 


grillage  fonndatlon  and  am  familiar  with  this  kind 
of  foondatlon,  bat  haye  nerer  heard  of  the  other. 
Will  yon  please  enlighten  me? 

J.H.C.,Bochester,N.Y. 
Am.— It  is  very  likely  a  typographical  error  and 
that  grillage  Is  meant    There  is  no  such  term  as 
goUage  need  in  foundation  work. 


MISCELLANEOUS 


(60t)  Please  tell  me  (a)  what  an  echo  is,  and 
{b)  how  it  giTSS  two  or  more  repetitions  in  some 
places  and  only  one  in  others. 

J.  R.  B.,  Providence,  B.  I. 

Am.— In  clsMJcsl  mythology.  Echo  was  an  oread  or 
mountain  nymph  belonging  among  the  attendants 
of  the  goddess  Juno.  Having  given  offense  to  her 
mistress  by  an  irrepressible  habit  of  monopolising 
the  con  versation,  she  was  punished  by  being  rendered 
Incapable  of  speech  before  another  had  spoken,  and 
Incapable  of  slleace  afterward.  Shortly  after  this 
misibrtune  she  fell  In  love  with  a  beautlfhl  youth 
named  Kareissus,  but  being  handicapped  in  the 
matter  of  speech,  she  was  unable  to  let  him  know  of 


of  her  aflSBCtions,  and  In  consequence 
pined  away  until  only  her  voice  remained/  Bven 
yet,  her  voice,  ftill  of  Mdness  and  melancholy,  may 
often  be  heard  in  lonely  places  among  hills  and 
mountains.  Such  is  the  myth.  Admirably  appro- 
priate, therefbre.  Is  the  application  of  her  name  to  a 
phenomenon  in  acoustics.  The  modem  meaning  of 
the  term  is  as  follows:  "An  echo  is  a  sound  given 
back  ttmn  an  opposing  surfkce  and  returned  to  the 
source  of  the  sound."  {b)  For  an  echo  to  be  heard 
more  than  once,  two  or  more  reflecting  surfSsces 
must  be  oppceed  to  each  other.  Thus,  if  a  man 
standing  in  a  valley  between  two  vertical  ollilk  that 
exactly  fhce  each  other  were  to  utter  a  loud  shout  It 
would  be  reflected  back  an<^  fbrth  many  times  and 
be  heard  as  an  echo  untU  its  intensity  was  reduced 
below  the  limit  of  hearing.  The  writer  knows  of  a 
spot, on  a  high  bank  along  the  Susquehanna  where 
one  may  stand  and  hear  an  echo  repeated  in  this 
manner.  The  echo  is  caused  by  similar  high  verti- 
cal banks  on  opposite  sides.  The  rolling  reverbera- 
tion of  thunder  is  nothing  but  a  repetition  of  sound 
by  reflection  fh>m  cloud  banks.  If  thunder  could 
occur  when  the  sky  iM  perfectly  clear  and  the  earth's 
sorfsce  below  is  without  hills  and  valleys,  the  sound 
would  be  single  and  clean-cut,  very  much  like  the 
report  of  a  lifle.  When  there  is  only  one  reflecting 
surfkce,  there  can  be  only  one  reflection  and  there- 
fore only  one  echo. 

••♦ 

V(6W)  (a)  Where  can  I  procure  and  what  are  the 
ices  of  "Chambers'  Mathematical  Tables"  and 
The  American  l^hemeris  and  Nautical  Alma- 
nac "  ?  lb)  How  is  geographical  latitude  reduced  to 
geocentric  latitude?  (c)  Are  there  any  tables  for 
deducing  longitude  and  latitude  from  right  ascen- 
sion and dedmation?  B.  D.  P.,  Dunmore,  Pa. 

Am.— (a)  "Chambers'  Mathematical  Tables"  and 
"The  Amwlcan  Ephemerls  and  Nautical  Almanac" 
may  be  obtained 
through  The  Techni- 
cal Supply  Co. ,  Scran- 
ton,  Pa.  The  price  of 
the  former  is  $1.7& 
and  of  the  latter, 
$1.25.  (b)  Referring 
to  the  accompanying 
figure,  the  geograph- 
ical^ or  geodetic,  lati- 
tude of  any  place  m 

is  the  angle  ^  subtended  by  the  line  o  u,  repre- 
senting the  plane  of  the  equator,  and  the  line  ma 
drawn  fh>m  the  place  perpendicular  to  the  tan- 
gent m  «  of  the  standard  spheroid;  the  geocentric  lati- 
tude of  the  same  place  is  the  angle  ^'  at  the  center 
of  the  earth.    In  order  to  reduce  ^  to  ^,  the  follow- 


prlo 


Tan  ^  »  ^  tan  ^, 


Ing  formula  may  be  employed: 

where  .6  represents  the  polar  radius  and  a  the  equa- 
torial radius  of  the  earth.  Inserting  the  value  of  a 
and  b  according  to  the  latest  estimation  of  theee 
quantities,  we  get  tan  ^'  =  0.998  tan  ^,  which 
formula  shows  that  4^'  and  ^  do  not  diifbr  very 
greatly,  the  dUIteence  between  them  in  latitude  46^ 
amounting  to  not  more  than  IV.  (c)  We  are  not 
aware  of  the  existence  of  any  such  tables. 

(600)  Please  inform  me  where  I  can  get  mica 
ground  very  flne.  and  what  firm  Is  manufacturing 
machinery  for  this  purpose. 

P.  W.,  San  Diego,  Cal. 

A1CS.-W.  H.  Whitaker,  246  Front  St.,  New  York,  is 
a  large  dealer  In  ground  mica,  and  he  would  prob- 
ably be  able  to  give  you  information  concerning  the 
machinery  for  this  purpose.  The  mica  Is  ground 
wet.  eixed  hydraulically,  and  then  dried. 
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eoi )    (a)  Why  if  It  tliat  an  incMidetoent  eleotrio- 
^.   ,_^-  ^ .  _,_.   jj^  water,  then  being  no 

What  are  (b)  oroM-Mciion 
for,  and  how  are 


Key  uwMlf C.  v.,  Philadelphia,  Pa. 


r  Inaide  to  rapport  it? 
aper  and  (e)  profile  paper  need 


▲ia.~(a)  What  keepe  a  hollow  glan  globe  from 
sinking  iB  not  the  prenare  of  the  air  within,  but 
the  baoyanoy,  or  upward  prenare,  of  the  water. 
Of  two  eqoal  globep,  one  empty  and  the  other  filled 


_j^ 

y^ 

D 

C 

y^ 

X' 

^ 

y^' 

A 

B 

PlQ.l 

with  air  or  any  other  material,  the  latter  weighB 
more  and  has  a  greater  tendency  to  tink.  The  law 
gOTerntng  phenomena  of  this  kind  is  known  as  tht 
frineiple  of  ArcMnUdes,  and  is  stated  thus:  Any  body 
pUued  in  anyfiuid  lo9e$  a  pari  of  Ut  weight  eqiuU  to  the 
weighi  of  the  fiuUL  dieplaeed.  If  the  weight  of  a  volume 
of  the  flatd  equal  to  tbat  of  the  body  is  greater  than 
the  weight  of  the  body,  the  body  will  float,  (d)  Cross- 
section  paper,  also  calltd  mtuared  paper,  is  paper 
mled  into  squares,  as  shown  in  Fig.  1.  It  is  very 
oonvenicnt  for  drawing  figures  to  scale,  and  specially 


for  making  sketches.  Suppose  that  the  side  of  each 
square  In  Pig.  1  is  i  Inch,  and  tbat  we  wish  to  draw, 
to  a  scale  of  \  Inch  to  the  foot,  tbe  hypotenuse  of  a 
rigbt-angled  trlsogle  whose  sides  are  10  feet  and 
6  feet  6  Inches.  Startlngat  any  convenient  corner  A, 
we  lay  off  5  divisions  to  B\  then  will  A  B  represent 
the  10- ft.  side  of  the  triangle,  since  each  division, 
being  \  inch,  or  i  Inch,  represenu  2  feet.  Btarting 
from  B  we  lay  off  on  £  J?  2  divisions  to  (7,  which  will 


represent  4  feet;  and  since  1'  V*  is  represeoted  by 
I  of  a  division,  we  lay  off  CD  (estimated  by  eye) 
equal  to  |  of  a  division.    Then  will  B 2>  be  the  y  9^ 
side  of  the  triangle,  and  A  D  will  be  the  hypotenosa 
In  cross  section  paper,  every  fifth  or  tenth  line  Is 
usually  made  heavier  than  tbe  others.   The  advsn- 
tage  of  this  method  of  subdivison  is  manifest   (e) 
Profile  paper  is  paper  ruled  as  shown  in  Fig.  2.   It  is 
mainly  uned  for  plotting  level  notes  and  showing 
"profiles"  (that  is,  side  views)  of  road  and  sewer 
lines,  and  the  like.   The  horiaontal  and  the  vertical 
scale  are  not  the  same  in  this  kind  of  work.   Gener- 
ally, elevations  on  the  ground  aro  taken  to  tenths  of 
a  foot,  and  the  distance  between  every  two  of  the 
fine  horiaontal  lines  is  taken  to  represent  .1  ft.  The 
vertical  distance  between  two  horisontal  medium 
lines  (as  if  .AT  and  PQ)  represents,  therefore,  .5  ft, 
and  the  distance  between  two  heavy  lines,  2.5  ft 
The  horiaontal  scale  depends  upon  the  length  of  the 
line  whose  profile  is  to  be  shown.    In  the  figure,  we 
have  taken  the  distance  between  two  of  the  heavy 
vertical  lines  to  be  100  ft.   The  distance  between  two 
of  the  fine  vertical  lines  is  therefore  10  ft  Elevations 
are  referred  to  any  asramed  plane,  called  a  datum 
plane.   Suppose  that  we  asrame  the  line  J  B  to  be 
100  ft  above  this  plane,  and  that  the  elevations  of  the 
pointo  0,  +20,  +40.  +  60,  etc  are  106,  10S.«,  lOK, 
108.7,  etc    Laying  off  to  scale  on  the  Tertlcal  lines 
through  the  points  0,  +  20,  etc.  the  distances  8  0, 8^ 
etc,  we  obtain  the  points  marked  in  the  figure,  and 
a  wavy  line  drawn  through  them  is  the  required 
profile. 

(002)  What  books  on  t&  Diflbrential  and  Integral 
Gslciilos  do  you  consider  gnod  for  a  beglnnert 
Please  give  prices,  and  state  where  the  bonka  can  be 
obtained?  J.  O.  W.,  Valla  Hemnlea.  N««way. 

Am.— There  are  hardly  any  books  on  iho  oalculus 
that  are  entirely 
suited  to  beglnnera 
Thisiaasobjvctihe 
underlying  prlnd- 
plee  of  which  are 
seldom  stated  with 
raflident  deamen 
by  writers  of  text- 
books. The  books 
that  are  likely  to 
give  the  least 
trouble  to  the  be- 
ginner areTndhun- 
ter's  **  Dtffierential 
Calculus,"  $2.60; 
the  same  author's 
** Integral  Calcu- 
lus," 12.60:  and  W. 
&  Hairs  "Dlffbr- 
ential  and  Integ^ 
ral  Calculus,  "t2  25. 
Any  of  these  works 
can  be  ordered 
ttom.  The  Ted»> 
nical  Supply  Co., 
Seranfion,  Fa. 


(608)  What  is 
the  process  to  reclaim  rubber  fh>m  waste  material, 
such  as  old  hose,  sheet  rubber,  parking,  etcr 

W.R.U.,  Yonken,N.T. 

▲n8.— We  are  not  acquainted  with  any  proceas  ftir 
reclaiming  rubber.  We  are  under  the  Impression 
that  old  rublwr  rach  as  you  mention  Is  used  to  a 
considerable  extent  for  making  the  cheaper  grades 
of  hard  rubber  articles,  but  do  not  know  bow  it  is 
done    Perhaps  some  reader  will  inJbrm  as. 
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ADVERTISEMENTS 


THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS,  SCRANTON,  PA. 


HINTS  ON  HOW  TO  STUDY 


1.  Beginning  the  Study  of  a  New  Subject. — In 
beginning  the  study  of  a  new  subject,  pay 
particular  attention  to  the  terms  that  are 
defined  until  you  are  thoroughly  familiar  with 
them  and  understand  them  at  a  glance. 

2.  Do  Not  Study  Too  Much  at  a  Time  Nor  Too 
Long. — ^You  should  not  study  longer  than  an 
hour  or  an  hour  and  a  half  at  one  time,  because 
if  you  do,  your  mind  becomes  confused,  and 
you  will  be  unable  to  reason  clearly. 

3.  Write  Your  ImpresHons  of  What  You  Study, 
It  will  help  you  to  remember  what  you  have 
studied  if,  after  studying  it,  you  write  down 
in  your  own  words  the  ideas  you  have  re- 
ceived, just  as  if  you  were  trying  to  explain  to 
some  one  else  what  yon  have  learned.  This 
will  not  only  help  you  to  remember  what  you 
have  studied,  but  will  also  aid  you  to  arrive  at 
a  better  understanding  of  the  subject,  and  will 
enable  you  to  express  your  ideas  in  writing. 
Do  not  be  discouraged  if  your  first  efforts 
at  writing  are  not  entirely  satisfactory;  the 
more  you  practice,  the  better  you  will  write 
and  the  more  accurately  you  will  express  your 
ideas. 

4.  Devote  a  Certain  Amount  of  Time  Each  Day 
to  Study, — Even  though  you  may  not  be  able 
to  devote  more  than  quarter  or  half  an  hour 
each  day  to  study,  you  will  make  surprising 
progress. 

5.  Think  Over  What  You  Have  Studied.—You 
will  make  more  rapid  progress  by  thinking 
over,  while  at  work  or  in  leisure  moments, 
all  that  you  have  studied  the  preceding  day, 
as  the  mind  works  more  clearly  when  one 
does  not  have  the  book  before  him.  Care- 
fully consider  the  difficult  points,  and  go  over 
in  your  mind  all  that  you  can  recollect.  You 
may  not  be  able  to  remember  everything, 
but  this  practice  will  both  fix  things  in  your 
mind  and  also  show  you  what  p^rts  you  ought 
to  study  still  more. 

6.  Be  Thorough. — ^You  should  not  expect 
to  understand  all  that  you  study,  in  going 
through  a  paper  for  the  first  time.  The  best 
way  is  to  study  a  few  pages  and  try  to 
understand  the  information  there  given.  It 
sometimes  happens  that,  when  there  are 
certain  statements  or  operations  you  do  not 
clearly  understand,  it  is  better  for  you  to 


pass  further  on  into  the  subject,  where  you 
are  likely  to  find  applications  of  the  points 
not  understood,  and  these  practical  applica- 
tions will  clear  up  the  matter  very  materi- 
ally. Always  be  sure  that  you  understand 
a  subject  thoroughly  before  taking  up  the 
next  one. 

7.  Make  Haete  Slowly. — ^Do  not  try  to  study 
too  much  at  one  time;  you  will  accompliah 
more  in  a  given  time  than  by  hurrying 
through  the  subject  without  half  understand- 
ing it,  because,  unless  you  really  understand 
the  subject,  you  will  meet  with  difficulties 
further  on,  and  will  be  obliged  to  stop  and 
review  what  has  gone  before. 

8.  The  Most  Valuable  Knowledge  is  That 
Acquired  by  Your  Oum  Efforts. — As  we  have 
often  shown  in  these  pages,  some  of  the 
greatest  scholars  of  the  age  learned  by  them- 
selves. Such  men  would  have  considered  oar 
Schools  a  great  aid.  Though  most  students 
cannot  master  a  subject  without  help,  never- 
theless, they  should  seek  assistance  as  little 
as  possible. 

9.  Review  Frequently  What  You  Have  Studied. 
After  having  gone  through  a  subject,  and 
obtained  a  fair  knowledge  of  it,  review  it  very 
thoroughly.  During  the  review,  work  out  all 
those  things  that  you  could  not  understand 
when  you  went  through  it  the  first  time. 
A  review  of  two  or  more  subjects  back  will 
often  clear  up  points  that  could  not  be  under- 
stood at  the  first  studying  or  the  first 
review. 

10.  Learn  to  Rely  Upon  Four«rf/.— When 
you  are  working  out  examples  in  actual 
practice,  you  are  obliged  to  rely  entirely 
upon  your  knowledge  and  upon  the  accuracy 
of  your  calculations.  The  importance  is 
apparent,  therefore,  of  cultivating  a  spirit 
of  self-reliance  while  you  are  studying.  The 
men  who  are  looked  up  to  and  who  forge 
ahead  in  practice  are  those  whoee  self- 
reliance  makes  others  depend  on  them. 
Such  men  always  attain  this  quality  by 
careful  study,  either  of  books  or  of  faults  and 
processes  themselves.  The  suggestions  given 
here  will  enable  you  to  cultivate  a  spirit  of 
self-reliance  in  your  study  that  will  oontinne 
when  you  get  into  practical  work. 
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THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS,  SCRANTON,  PA. 
THOUGHT  APPLIED  TO  WORK 


'*  Books  are  white  paper,  unless  men  spend  in  action  the  wisdom  they  get  from  thought."— BuZtoer. 

Have  you  noticed  the  tendency  of  progressive  manufacturers  to  place  over  the 
men  in  a  department,  or  in  charge  of  iidportant  machinery,  young  graduates  of  tech- 
nical schools?  Such  young  men,  after  a  period  of  earnest  work,  master  the  situation 
and  forge  far  ahead  of  the  other  men.  For  years  before  they  came  to  the  shop 
they  studied,  day  and  night,  the  experience  of  others  as  written  down  in  books,  and 
are  now  enabled  to  advance  because  they  can  '^  spend  in  action  the  wisdom  they  get 
from  thought." 

But  with  all  their  knowledge  they  were  helpless,  until  they  had  shop  experience. 

You,  however,  who  are  in  a  shop,  mine,  or  place  of  business,  already  have  experi- 
ence. Now  learn  the  principles  of  your  work,  and  qualify  yourself  to  take  the  place 
that  will  otherwise  be  given  to  a  younger  and  better-educated  man. 

Spend  two  years  and  $40.00  on  our  Complete  Mechanical  Course  and  you  can 
take  a  foreman's  or  superintendent's  place. 

Fifteen  months'  study  and  $28.00  'expense  in  the  Mechanical  Drawing  Course 
will  fit  you  for  the  drafting  office. 

Ten  dollars  invested  in  our  special  Course  in  Mechanical  Drawing  will  enable 
you,  with  six  months'  study,  to  make  and  read  shop  drawings. 

A  year  and  a  half  and  $30.00  will  qualify  you,  through  study  of  our  Electrical 
Power  and  Lighting  Course,  to  take  charge  of  any  electrical  power  or  light  plant. 

Eighteen  months  of  study,  and  $30.00  paid  for  our  Telephony  Course,  will  qualify 
you  for  one  of  the  many  excellent  positions  in  the  rapidly-growing  business  of  telephony. 

Six  months'  study  and  $10.00  investment  in  the  Wiring  and  Bellwork  Course 
will  give  you  a  profitable  business,  if  you  live  in  a  fairly  large  town. 

A  year  spent  in  the  study  of  Surveying  and  Mapping,  at  an  expense  of  $28.00, 
will  qualify  you  for  a  good  position  on  a  surveying  corps,  whence  the  way  is  clear  to 
the  lucrative  profession  of  civil  engineering. 

Thirty  months'  study  in  our  Complete  Coal  Mining  Course  will  qualify  you,  at  an 
expense  of  $42.00,  to  pass  any  mine-law  examination  and  take  the  position  of  fore- 
man or  superintendent  of  a  coal  mine. 

Two  years'  study  at  home,  in  our  Complete  Architectural  Course,  and  $60.00 
paid  for  tuition,  will  make  you  ready  for  work  as  an  architectural  draftsman,  con- 
tractor and  builder,  or  architect. 

Twenty-five  dollars  and  eighteen  months'  study  in  our  Window  Dressers'  Letter- 
ing Course  will  help  you,  if  a  clerk,  to  the  best  positions  to  be  had  in  retail  stores. 

A  year  and  a  half  in  the  Complete  Commercial  Course,  at  a  cost  of  $44.00,  will 
qualify  you  for  a  position  in  the  business  world,  from  which  your  rise  will  depend 
upon  your  energy  and  perseverance. 

The  time  for  you  to  make  a  beginning  in  your  struggle  for  advancement  is  noWj 
while  business  is  good,  salaries  fairly  high,  and  advancement  not  as  hard  to  get  as  it 
may  be  a  few  years  hence. 

Don't  put  this  off  till  tomorrow,  but  write  at  once  for  further  information. 
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THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS,  SCRANTON,  PA. 
MAKE  MONEY  IN  SPARE  TIME 


Teachers  and  students  who  have  Saturdays  and  part  of  every  afternoon  to  them- 
selves could  make  profitable  use  of  the  time.  Agents  and  canvassers  sometimes  have 
days  or  weeks  in  which  they  can  do  little  or  no  canvassing.  Steel  workers  on  night 
shift  sleep  part  of  the  day,  and  could  make  use  of  the  rest.  Miners  finish  their  work 
before  the  day  is  over,  and  also  experience  periods  when  the  mines  do  not  work  full 
time.  Many  laborers  of  intelligence  could  utilize  idle  days  if  they  knew  how  to  do  bo. 
Farmers'  sons  and  daughters  have  many  hours  that  they  could  put  to  some  profitable 
employment.  Thousands  of  people  have  spare  time  they  would  like  to  make  count  toward 
increased  incomes. 

If  such  persons  will  take  a  Course  of  study  in  Surveying  and  Mapping,  by  mail^ 
they  can  do  surveying  in  odd  days  or  hours. 

Some  should  study  Electric-Light  Wiring  and  Bell  Work,  and  qualify  themselves 
to  do  jobs  in  wiring  houses  and  shops  for  lighting  or  electric  bells. 

Others  can  study  Lettering,  and  add  to  their  incomes  by  making  the  price  cards 
and  window  cards  for  local  stores. 

Those  who  will  study  Chemistry  can  earn  considerable  money  by  performing 
chemical  analyses  for  merchants,  physicians,  coroners,  or  manufacturers.  The  fees  in 
such  work  often  amount  to  large  sums  of  money. 

Mechanical  or  Architectural  Drawing  can  easily  be  learned  by  mml^  and  the  result- 
ing skill  applied  in  making  Patent-Ofiice  drawings  for  inventors,  drawings  for  small 
shops,  or  plans  for  carpenters,  contractors,  and  builders,  or  for  persons  who  expect  to 
build. 

Many  can  study  Bookkeeping,  and  then  in  odd  hours  keep  the  books  for  one  or 
more  small  concerns. 

A  knowledge  of  Stenography  will  equip  others  with  the  means  of  helping  busi- 
ness, professional,  or  literary  men  in  their  vicinity,  and  at  the  same  time  helping 
themselves. 

Hundreds  are  doing  just  such  work  in  spare  tima  who  learned  how  through  our  Courses 
of  study  by  mail. 

Send  for  free  Circular  of  Infonmation  and  advice.  State  the  subject  in  which  you 
are  interested. 


THE  CORRESPONDENCE  STSTEM  ENDORSED  BT  A  LEADING  EDUCATOR 


''The  work  done  by  correspondence  is  even  better  than  that  done  in  the  class- 
room. Students  who  come  to  us  after  a  year  of  such  work  are  better  prepared  than 
those  who  have  taken  it  with  us  in  the  class-room.  The  correspondence  student  does 
all  the  work  himself ;  he  does  it  in  writing.  He  does  twenty  times  as  much  reciting 
as  he  would  in  a  class  where  there  are  twenty  people ;  he  works  out  the  difiicolties 
himself,  and  the  results  stay  by  him.'' — President  Harper^  of  Chicago  University. 
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THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS,  SCRANTON,  PA. 
REMUNERATIVE  EMPLOYMENT  FOR  WOMEN 


Women  have  their  choice  of  over  four  hundred  lines  of  work.  Practicallj 
all  except  the  most  laborious  occupations  are  open  ta  them.  They  are  occupying 
positions  whose  influence  and  remuneration  would  be  considered  a  prize  by  any  one. 
Woman's  work  is  now  past  the  pioneer  stage  where  every  comer  reaped  a  rich 
reward,  for  there  are  hundreds  of  thousands  of  positions  for  women,  and  of  those 
occupying  them  the  best  fitted  rise  to  the  top ;  perseverance  and  education  is 
what  enables  the  successful  ones  to  advance.  Our  Courses  of  study  by  mail 
will  help  women  to  qualify  themselves  for  advancement  in  many  lines  of  work. 

The  Architectural  Drawing  and  Design  Course  will  qualify  women  to  work  as 
draftsmen  and  designers  of  details  in  the  offices  of  architects  and  large  contractors. 

The  Complete  Architectural  Course  will  educate  them  for  positions  as  architects, 
in  which  capacity  women  have  achieved  notable  successes. 

Graduates  of  the  Mechanical  Drawing  Course  can  secure  positions  in  the  drafting 
rooms  of  shops  and  manufactories. 

The  Course  in  Ornamental  Drawing  can  be  made  a  foundation  upon  which  to 
build  an  artist's  career,  or  to  engage  in  the  design  of  wall  paper,  carpets,  and  dyed 
fabrics. 

The  Course  in  Telephony  will  enable  progressive  women  to  begin  lit  the  oper- 
ator's desk  and  push  themselves  into  good  positions  in  the  rapidly-growing  business 
of  telephony. 

The  Complete  Chemistry  Course  fits  students  to  perform  all  kinds  of  chemical 
analyses  and  then  to  secure  positions  as  professional  chemists  or  to  teach  chemistry 
in  high  schools  or  academies;  it  is  indispensable  to  a  woman  who  intends  to  become 
a  drug  clerk. 

The  Courses  in  Lettering  enable  saleswomen  to  secure  the  best  places  in  retail 
stores. 

The  Business  Courses  open  the  way  to  positions  as  bookkeepers,  stenographers, 
amanuenses,  private  secretaries,  etc. 

The  Course  in  Methods  of  Teaching  is  designed  to  take  the  place  of  Normal 
training,  and  should  be  taken  by  all  women  who  are  engaged  as  teachers  or  expect 
to  teach. 

Descriptive  circular  of  any  Course  sent  free  on  application. 


YOUNG  WOMAN  BECOMES  A  STENOGRAPHER 


As  I  was  ambitious  to  become  a  stenographer,  I  enrolled  in  the 
Complete  Stenographic  Course.  It  is  so  clear  and  concise  that  any 
person  who  is  willing  to  study  cannot  help  but  learn.  A  short  time 
after  I  received  my  Diploma,  I  was  ofiFered  a  position  in  the  office  of 
the  Lanyon  Zinc  Company,  of  this  place,  at  a  fair  salary,  with  an 
increase  of  wages  after  I  had  acquired  some  experience.  I  at  once 
accepted  the  position  and  am  getting  along  nicely. 

MARY  WILSON,  lola,  Kansas. 
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J50,000STUDENTSII1 

The  largest  School  in  the  world  has  a  mem- 
bership now  of  145,000.  students,  and,  before 
the  next  issue  of  Science  and  Industbt,  will 
have  over  150,000 1 

What  this  means  is  that  the  working  men 
of  America  are  beginning  to  enter  upon  their 
long-sought  heritage  of  knowledge;  not  the 
knowledge  of  broad  and  superficial  culture, 
unsuited  to  our  practical  age,  but  special 
knowledge  of  their  work.  This,  coupled 
with  their  practical  exx>erience,  makes  them 
peers  of  the  best  educated.  He  who  does 
his  one  thing  well,  serves  humanity  better 
than  if  he  ruled  the  state. 

"The  Courses  of  study  by  mail  of  The 
International  Correspondence  Schools  are  the 
greatest  boon  ever  presented  to  the  people 
of  America." 

THE  GENERAL  DEMAND  FOR  EDU- 
CATION 


GREAT  VALUE  OF  OUR  OOURSES 


America  has  become  the  workshop  of  the 
world.  Immense  resources  and  economic 
methods  of  manufacture  enable  her  to  com- 
pete successfully  with  all  other  manufacturing 
countries  in  their  own  markets,  and  during 
the  next  few  years  the  expansion  of  her  trade 
will  become  the  talk  of  the  world. 

The  great  impetus  recently  given  to  all 
technical  trades  and  professions,  by  the  com- 
mencement of  a  new  era  of  commercial  pros- 
perity, has  forcibly  brought  to  the  attention 
of  the  public  the  great  value  of  technical  edu- 
cation, acquired  simultaneously  with  practical 
experience.  The  graduate  of  the  ordinary 
technical  university  is  obliged  to  accept  a 
minor  position  in  his  profession,  and  trust  to 
his  education  for  rapid  advancement.  But 
the  ambitious  mechanic  can  make  immediate 
application  of  the  knowledge  acquired  through 
our  instruction,  and  secure,  in  the  shortest 
possible  time,  a  lucrative  position. 

The  various  technical  colleges  are  open  to 
but  few.  Our  Schools  are  open  to  all.  The 
International  system  fully  meets  the  require- 
ments of  ninety-five  per  cent,  of  the  people,  by 
supplying  the  education  for  which  employers 
are  willing  to  pay,  and  pay  well. 

Why  do  we  pray  to  heaven  without  setting 
our  shoulder  to  the  wheel. — Carlyle, 


We  agree  with  all  on  the  value  of  experience. 
The  more  one  has,  the  better  off  he  is.  But 
every  one  must  admit  that  there  is  plenty  of 
valuable  experience  he  has  never  had^  nor 
would  it  be  possible  for  him  to  obtain  more 
than  a  small  portion  of  it  during  his  working 
lifetime.  Successful  men  seldom  work  out  for 
themselves  the  rules  and  formulas  they  use  in 
their  work.  They  haven't  time;  so  make  the 
best  use  of  other  men's  experience,  and  their 
successes  or  failures  become,  in  turn,  prece- 
dents to  be  followed  or  avoided  by  others. 

This  is  where  the  great  value  of  our  Courses 
lie.  They  represent  the  united  experiences  of 
the  best  men  in  each  business.  They  are  made 
up  of  tried  and  proven  facts,  formulas,  and 
processes,  boiled  down,  put  in  every-day 
language,  freely  illustrated,  and  presented  to 
the  student  in  orderly,  systematic,  step-by-siep 
Courses  of  instruction,  that  contain  more  expe- 
rience than  one  man  could  get  alone  in  half  a 
dozen  lifetimes. 

Our  instructions  on  the  practical  applications 
of  a  single  scientific  truth  may  save  any  one 
months  of  experimenting,  and  give  him  jujst  so 
much  time  to  learn  the  experience  of  others. 


A  NEWSPAPER  CLIPPING 


We  clip  the  following  from  the  '*  New  Berlin 
(N.  Y. )  Gazette  "  of  October  28: 

"Architect  D.  M.  Collier,  who  passed  the  state 
examination  April  last,  after  devoting  part  of 
his  time  to  state  work  since  that  date,  has 
decided  to  accept  a  lucrative  position  with 
State  Architect  G.  L.  Heins,  in  the  state  cap- 
itol  at  Albany,  and  will  therefore  discontinue 
his  office  practice  here.— *  Oneonta  Star.' 

"  Mr.  Collier  is  a  Pittsfield  boy,  and  deserves 
his  success.  Specimens  of  his  work  in  this  vil- 
lage are  the  new  residences  of  R  H.  Elliot  and 
Abram  Brown.  He  is  a  graduate  of  The  Inter- 
national Correspondence  Schools,  of  Scranton." 

That  one  man  should  die  ignorant  who  had 
capacity  for  knowledge,  this  I  call  tr^edy.— 
Carlyle. 

The  element  of  difficulty  is  the  very  core  of 
all  progress.  The  best  path  is  not  the  easiest 
either  to  find  or  to  tread;  but  once  found  and 
once  trodden,  who  would  retrace  his  steps  ? 


Digitized  by  V^OOQ IC 


SOENCE  AND  INDUSTRY 

Vol.  V No.  2 

FUBUBSSD  MOMTBLT  BT 

THE  COLLIERY  ENGINEER  COMPANY,  Pioprfctors 

SORJLKTON,  PJL.,  U.  S.  JL. 


Editorial  Staff 

J.  J.   OI^A^RK,   Nl.    Bm    NfAAAfflAs   B<lltor 

W.  BooTr-CoLum, Strvetural  Engbiming  mtd  BmOdUmg  Tradet 

T.  M.  Thomson BmUary  Engiineering 

JoHK  A.  Gkining auam  Emglaieerimg 

R.  B.  Williamson,  M.  B., JtaHflcri  Jki^iiMeriiv 

Ghabub  J.  Hatbb, CMtf  UMbrQior 


TBRMS:— SolMcrlption,  SI. 00  a  year  In  adTance:  single  nomben,  10  oents.  Babsoifben  may  remit  to  as 
In  PosiOffloe  or  Bzpress  Money  Orders,  or  In  Bank  Ghecks,  Drafts,  or  Registered  Letters.  Money  In  letters  Is 
at  sender's  risk. 

Oommnnications  relating  to  the  Bdltorial  Department  of  Soixncb  and  Indurbt.  inolndlng  qnestlons  for 
answer  in  the  "Answers  to  inqnirica"  Department,  should  be  addressed  "  Bditor  of  SanDfcn  and  Indubtbt, 
Boranton,  Pa." 

All  letters  relating  to  Bnbsoiiptlons  or  AdTertlstng  should  be  addressed  "Soibncb  and  Industbt, 
Boranton,  Pa." 

Bzpren  and  Post-OfBoe  Money  Orders,  Bank  Drafts,  and  Cheoks,  should  be  made  payable  to  the  order 
of  T.  J.  FOCTBB.  Treasurer. 


CONTENTS  FOR  MARCH,  J900 

FAOB 

IRON  SMELTING  AS  A  SOURCE  OF  POUTER*  Chades  P.Tufiief 65 

SERIES  INCANDESCENT  UGHTING  BY  ALTERNATING  CURRENT* 

R*  B.  WifliamfOD*  M.  E. (A 

THE  EFFICIENCY  OF  FUELS,  Waller  B.  Sooiw 7\ 

HO  V  TO  OPEN  A  NEW  BOOK 76 

AN  ARCHITECTS  DREAM*  Tlioa.  N.  Tluunaoa 77 

HOW  WE  DO  IT  TODAY 83 

MOTIONINGEAR-TRAIN$*G«A.Goodeiio(igh M 

THE  GALVANOMETER*  James  E.  Boyd 88 

JET  PROPULSION*  John  A*  Gfcaiiig 9) 

THE  MECHANICS  OF  CARPENTRY*  MatsficeM.  Sloan 94 

TIM&CARD  MAKE-UP 96 

A  GREAT  DISCOVERY*  Gtotgt  McC  Rofceoo*  M.A. 97 

WATER  FILTRATION  AT  HOME*  Thoe.  N.  Tfaomtoo J03 

MECHANICS*By  the ''Prof eaor'' 105 

CHAINS  AND  THEIR  USE*  R  Rolfe S06 

FIRES  FROM  DEFECTIVE  ELECTRIC  WIRING S09 

MAKING  BLUE  TRANSPARENCIES*  Frandt  Doufflas lU 

USEFUL  IDEAS n2 

EDITORIAL  COMMENT M5 

ANSWERS  TO  INQUIRIES » \\7 

Oopyilght,  1900,  by  The  Oolllery  Engineer  Company.   All  rights  reserved.   Artiolca  must  not  be  repablished 

without  permission. 


Digitized  by 


Qoo^v^ 


n 


ADVERTISEMENTS 


THE  mTERNATIONAL  CORRESPONDENCE  SCHOOLS,  SCRANTON,  PA. 


NEVER  GIVE  UP 


Be  Persevering. — Peraevenuioe  is  the  golden 
key  which  unlocks  the  treasures  of  success. 
Many  without  it  have  given  up  at  just  the 
moment  when  their  efforts  were  about  to  be 
crowned  with  success.  Many  others,  when  dis- 
aster stared  them  in  the  face,  liave  stemmed 
the  tide  and  come  off  victorious.  In  the  long 
run,  genius,  if  united  to  indolence,  and  work- 
ing only  by  fits  and  starts,  will  be  distanced 
by  the  plodder.  Do  not  become  discouraged 
because  you  think  you  are  not  advancing  as 
rapidly  as  some  other  student.  He  may  have 
had  some  previous  knowledge  of  the  subject, 
or  he  may  have  more  time  to  study.  Never  be 
discouraged.  What  you  cannot  understand 
one  night  may  be  clear  the  next.  Do  not 
imagine  that  because  you  do  not  make  rapid 
progress  you  are  not  advancing,  for  the  very 
difficulty  upon  which  you  are  at  work  may 
be  all  that  stands  between  you  and  an  easy 
grasp  of  many  succeeding  pages.  Remember 
that  thousands  of  men  with  no  more  education 
than  yourself  and  no  better  opportunities  for 
study  have  solved  the  same  problems  you  find 
so  difficult.  Remember  that  we  stand  ready 
to  help  you  and  that  you  cannot  exhaust  our 
patience.  We  take  the  greatest  i>ains  with 
backward  students  when  they  give  us  an  oppor- 
tunity to  help  them.  Our  best  friends  and 
strongest  endorsers  are  those  students  with 
whom  we  have  had  the  greatest  trouble.  Many 
have  been  taught  arithmetic  who  could  not  do 
the  simplest  problem  in  addition  when  they 
joined.  Even  if  a  dull  student  does  progress 
slowly,  it  is  only  a  question  of  time,  if  he  perse- 
veres, until  he  completes  the  same  studies  as 
the  bright  one.  Some  of  the  best  work  now 
done  in  our  Schools  is  performed  by  students 
who  considered  themselves  too  dull  to  learn 
anything  when  enrolled,  but  who  have  learned 
that  keeping  everlastingly  at  it  brings  success. 
Many,  always  shy,  shrinking,  and  backward  in 
classrooms,  make  wonderful  progress  with  us. 
What  others  have  done  and  are  doing,  you 
may  do. 

Be  Judiciau8,'-Do  not  try  to  study  when  tired. 
Ten  minutes  spent  on  a  problem,  when  the 
mind  is  in  condition  to  work  proi)erly,  is  worth 
more  than  three  hours  when  the  mind  is 
exhausted. 


Be  Systematic,— Work,  if  poesible,  according 
to  a  carefully  arranged  time  schedule.  Allow 
only  the  most  imperative  and  important  calls 
to  interfere  with  your  study  on  nights  set  apart 
for  that  purpose:  otherwise,  no  matter  how 
ambitious  for  an  advancement,  you  will  quickly 
become  indifferent.  Use  spare  moments.  Yoa 
have,  perhaps,  fifteen  minutes  of  idle  time  at 
noon.  In  that  time  you  may  see  through  the 
hard  problems  of  the  night  before.  You  have 
now  and  then,  perhaps,  a  single  minute  to  spare: 
even  one  minute  should  not  be  thrown  away, 
as  it  is  often  sufficient  to  fix  an  important  point 
in  mind.  With  regret  we  receive  from  students 
information  that  they  have  suspended  work  on 
the  ground  of  no  time  for  study.  To  such 
men— to  you — we  say:  "There  is  no  business 
whose  demands  are  so  pressing  as  not  to  afford 
some  time  every  day  for  study." 

Be  Practical.— To  every-day  life,  try  to  make 
use  of,  or  apply  as  much  as  poesible  of,  what 
you  have  learned  to  life's  actual  ooncema. 

"The  only  valuable  kind  of  study,"  said 
Sydney  Smith,  "is  to  read  so  heartily  that 
dinner  time  comes  two  hours  before  you  expect 
it;  to  sit  with  your  Livy  before  yon  and  hear 
the  geese  cackling  that  saved  the  capitol, 
and  see  with  your  own  eyes  the  Oarthaginian 
sutlers  gathering  up  the  rings  of  the  Roman 
knights  after  the  battle  of  Ganne,  and  heap- 
ing them  into  bushels,  and  to  be  so  intimately 
present  at  the  actions  you  are  reading  of  that, 
when  anybody  knocks  at  the  door,  it  will  take 
you  two  or  three  seconds  to  determine  whether 
you  are  in  your  own  study  or  on  the  plains 
of  Lombardy,  looking  at  Hannibal's  weather- 
beaten  face  and  admiring  the  splendor  of  his 
single  eye." 

The  tortoise  in  the  right  road  will  beat  a 
racer  in  the  wrong.  It  matters  not,  though  a 
youth  be  slow,  if  he  be  but  diligent.  Quick- 
ness of  parts  may  even  prove  a  defect,  inas- 
much as  the  one  who  learns  readily  will  often 
forget  as  readily;  and  also  because  he  finds  no 
need  of  cultivating  that  quality  of  application 
and  perseverance  which  the  slower  student  is 
compelled  to  exercise,  and  which  proves  so 
valuable  an  element  in  the  formation  of  every 
character.  Davy  said,  "  What  I  am  I  have  made 
myself";  and  the  same  holds  true  universally. 
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THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS,  SCRANTON,  PA. 


SEND  US  DESCRIPTIONS  OF  YOUR 
INVENTIONS 


A  STUDENTS  STUDY  CABINET 


Students  in  The  International  Correspond- 
enoe  Schools  are  invited  to  send  in  photo- 
graphs, drawings,  sketches,  or  descriptions  of 
their  inventions,  buildings  erected,  copies  of 
papers  or  books  published,  etc.  We  want  in- 
formation of  this  kind  in  all  cases  where  stu- 
dents have  been  helped  by  their  Courses  to 
produce  anything  of  the  kind  mentioned. 

Send  us  the  facts.  If  you  can  write  it  up 
yourself,  so  much  the  better.  If  not,  we  will 
put  what  you  write  into  shape  for  publication. 

Address  all  communications  of  this  kind  to 
the  ''Advertising  Department." 

AN  LC&  STUDENT'S  AUTOMOBELh 
CARRIAGE 


The  handsome  automobile  here  illustrated 
was  designed  and  constructed  by  Mr.  L.  K 
Warner,  of  Northampton,  Mass.,  a  student  in 
the  Schools.  Several  of  our  students  have 
applied  the  knowledge  gained  from  their 
Courses  to  design  in  this  new  and  interesting 
branch  of  work.  We  wish  to  hear  from  any 
others  who  have  built  automobile  vehicles, 
with  photographs,  drawings,  or  blueprints,  and 
description,  and  especially  with  statements  of 
how  they  were  helped  by  their  Course. 


Mr.  Warner  writes  us  briefly,  as  follows: 
''  I  took  an  Electrical  Engineering  Course,  and 
from  the  knowledge  obtained  I  have  been  able 
to  construct  a  perfect  automobile  carriage.  I 
am  twenty-two  years  of  age,  and  am  running 
my  own  works." 


A  great  many  of  our  students  get  up  devices 
to  help  them  with  their  studies.  Quite  a  num- 
ber of  these  have  come  in  to  us.  A  very  useful 
one  is  the  study  cabinet  made  by  Mr.  A.  B. 


Van  Duser,  of  24  Cleveland  St.,  Cortland,  N.  Y. 
Mr.  Van  Duser  is  a  student  in  our  Electrical 
Engineering  Course. 

In  this  cabinet  he  has  a  place  for  the  books 
and  a  closet  for  the  Instruction  and  Question 
Papers.  He  uses  the  middle  top  drawer  for 
blank  pai)er,  and  files  his  corrected  answers  in 
the  four  drawers  below.  His  drawing  plates 
and  board  are  kept  in  the  bottom  drawer, 
together  with  T  square,  triangles,  etc.  The 
smaller  portions  of  the  outfit  are  kept  in  the 
two  smaller  drawers  in  the  top  row.  The  cabi- 
net is  finished  in  oak  and  trimmed  with  bronze 
fittings.  Mr.  Van  Duser  writes  us  that  he  is 
prepared  to  fill  orders  for  I.  C.  S.  students. 

If  others  of  our  students  have  planned 
cabinets  or  care  to  turn  their  attention  to  im- 
proved forms,  we  would  be  very  glad  to  receive 
their  suggestions,  and  will  give  publicity  to 
the  most  meritorious  ones  that  are  in  actual 
use. 

In  like  manner,  we  wish  to  receive  descrip- 
tions of  all  kinds  of  improved  devices  for  study 
that  are  used  by  students  of  the  Schools. 
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Complete  Drafting  Outfit 
Without  Cliarge 


Description  of  Outfit 

Price  $12.55^ 

This  is  the  same  as  the  Con^plele  Drawing  Outfit, 
No.  1,  of  The  International  Correspondence  Schools.  It 
is  suitable  either  for  profeesional  drafting  or  for  the 
Courses  of  the  Schools.  Professional  -draftsmen  use  it. 
It  satisfies  the  most  critical.  It  is  pronounced  **  Better 
than  a  $15.00  outfit,"  "Worth  three  times  the  price," 
"Unequaled  for  price  and  quality,"  "As  good  as  a 
125,00  set." 


CoMPLBTX  Drafting  Outfit 

Morocoo-Coyered  Case  of  Fine  Oerman-Silver  Instru- 
ments, containing:  b}^"  Compass,  with  Pen,  Pencil, 
Needle  Points,  and  Lengthening  Bar;  A%"  Drawing  Pen, 
with  Joint  and  Needle  Point;  Bow-Pen;  Bow-Pencil; 
Pencil  Case  and  Adjusting  Key. 

Drawing  Board,  \Q]4"  x  22>^",  expansion  cleats  and 
grooTed  hack ;  22>^"  Mahogany,  Ebony-Lined  T  Square ; 
6"  German  Silver  Protractor;  7"  4SP  Mahogany,  Ebony- 
Lined  Triangle;  8''  80"  Mahogany,  Ebony-Lined  Tri- 
angle; 12^'  Triangular  Boxwood  Scale;  Cherry  Cunre; 
6  Thumbtacks;  Drawing  Pencil ;  Drawing  Ink;  Velvet 
Rubber;  2  Sheets  Tracing  Cloth;  6  Sheets  Drawing  Paper. 


To  readers  of  ^Science  and 
Industry y^  L  C  S*  students^ 
and  others* 

Send  us  20  subscriptions  to 

Science  and  Industry, 

each  accompanied  by  $1.00,  and 
we  will  send  you  this  Complete 
Drafting  Outfit  without  charge. 

Send  in  the  subflcriptions  a  few 
at  a  time,  as  fast  as  yon  secure 
them. 

We  will  forward  the  Outfit, 
(express  charges  to  be  iMud  by 
yon)  as  soon  as  we  reoeiye  the 
twentieth  subscription. 

If  you  do  not  get  the  full  20  sub- 
scriptions, each  subscription  you 
do  get  will  count  65  cents  toward 
the  price  of  the  Outfit  (unless  you 
have  one  of  our  Special  Privilece 
Slips,  in  which  case  each  will 
count  30  cents  toward  the  "Speo- 
ial  Privilege  price" ). 

You  can  easily  get  the  20  subscfiptions 
whhin  a  week  by  canvassing  your 
friends  with  copies  of  ^Science  and 
Industry*^  Tell  them  about  h  and  the 
unparalleled  combination  offers  of 
^Science  and  Industry^  wHh  either 
^Mechanics'  Pocket  Memoranda^  or 
''Building  Trades  Pocketbook"^  for 
$1.50,  or  with  both  for  $2*5a 


Sampk  copies  of  ''Science  and  Indtsstry^  sent  fiee  on  teqtseit 
Send  yottf  tabscriptions  to 

SQENCE  AND  INDUSTRY,  Box  600,  Scranton,  Pa.,  U.  S.  A. 
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AD  VESTISEMENTS 


THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS^SCRANTON^PA. 

SUCCESS  WON  IN  SPARE  MOMENTS 


^  It  is  the  holiday  St  the  evenings,  the  spare 
moments^  that  try  character*  If  you  want  to 
know  a  man^s  character,  find  out  what  he 
does  with  his  spare  minutes*^' — Harden, 


SALARY  INCRBA8BD  30  PBR  CBMT. 

"Judging  by  my  Ooune  In  Sta- 
tionary Engineering,  I  think  it  1b 
well  worth  the  ooet  to  every  busl- 
nen  or  profearional  man.  Even 
the  man  who  has  had  a  college 
education  can  find  a  practical 
help  in  your  loBtnictlon  Papers. 
All  superfluous  matter  is  omitted, 
and  they  are  practical,  up  to  date, 
clear,  simple,  and  condse.  My 
salary  has  been  raised  80  per  cent, 
since  >  enrolling.  I  recommend 
year  Schools  to  all  practical  men." 
— W.  A.  Dork,  Athens,  Me. 


MECHANICAL  DRAFTSMAN  AND  DBSIONBR 

"  I  waA  employed  as  a  machinist, 
but  am  now  mechanical  draftsman 
and  derigner  for  the  Eaton  it 
Glover  fiigraving  .Machine  Co., 
where  I  have  been  employed  for  a 
period  of  seven  months.  During 
this  time,  I  have  designed  several 
sp^dal  engraving  machines,  one 
having  an  estimated  capacity  of 
80,000  articles  per  day.  The  train- 
ing obtained  from 
enables  me  to  hold  1 
— Chas.  KuDKBKR,  26  Oeueva  St., 
Ellxabethport,  nTJ. 


I  your  Schools 
this  position.' 


STATION  AGENT  BENEFITED 

"Although  I  have  only  been 
studying  with  you  in  the  Tele- 
graphy Course  a  little  over  two 
months,  I  have  already  had  an 
increase  In  salary.  Aside  from  this, 
the  satisfaction  I  am  getting  fptm 
my  Course  Is  worth  a  hundredfold 
what  it  will  cost  me.  With  your 
method  ot  teaching,  any  one  can 
learn  anything;  for  my  early 
education  was  limited  to  common 
schools,  and  I  have  mastered  stud- 
ies which  I  had  never  seen  before." 
— H.  A.  Oagnon,  Beeds  Ferry,  M.  H. 


TINNER'S  WAGES  RAISED  as  PER  CENT. 

*'  I  have  derived  many  benefits 
from  my  Course  in  Sheet-Metal 
Pattern  Drafting,  as  the  Infitruo- 
tion  and  Question  Papers  are  eaidly 
understood  and  contain  nothing 
of  no  practical  value  to  a  sheet- 
metal  worker.  I  credit  Papers  on 
Arithmetic  and  Mensuration  alone 
with  enabling  me  to  successfully 
do  work  that  I  have  heretofore 
been  unable  to  do.  Since  enroll- 
ing, my  wages  have  been  Increaited 
22  per  cent."— Louis  J.  Graft, 
88  Murray  Ave.,  Plttsbuig,  Pa. 


FROM  A  MINE  SUPERINTENDENT 

"  I  cannot  praise  the  Schools  and 
their  system  of  Instruction .  too 
highly.  The  knowledge  I  have 
gained  of  mining  is  more  than  I 
could  have  gotten  from  textbooks 
in  IS  or  20  years.  After  taking 
the  Complete  Coal  Mining  Course, 
I  was  able  to  pass  the  examliMr 
tion  for  flrst-claMs  mine  foreman, 
and  have  held  good  positions  ever 
since.  I  am  always  pleased  .to 
speak  a  good  word  for  the  Schools." 
—Thomas  Obiffiths,  Dunlo,  Cam- 
bria County,  Pa. 


FROM  CARPENTER  TO  CONTRACTOR 

"A  Course  in  the  School  of 
Architecture  is  a  good  investment. 
I  started  out  as  a  carpenter  at  82.16 
per  day,  but  before  long  my  em* 

f>loyer,  recognizing  my  ability, 
nformed  me  that  he  did  not  care 
to  handle  large  timberframe  jobs, 
and  would  throw  that  class  of  work 
my  way.  As  a  result,  I  am  now  a 
contractor  with  12  carpenters  in 
my  employ .  and  am  a?eraging^.00 

rer  day.    I  owe  all  this  to  what  t 
earned  in  your  Schoola"— T. 
Woods  SrcBBrrr,  Sterrettanla,  Pa. 


BARGEMAN  BECOMES  ENGINEER 

"As  circumstances  compelled 
me  to  shift  for  myself  when  but  a 
lad.  my  education  was  very  lim- 
ited. When  I  enrolled  for  the  Eleo^ 
trie  Power  and  Lighting  Course 
I  wan  employed  on  a  canal  boat  In 
a  subordinate  position.  Upon  com- 
pleting the  Course,  I  secured  a 
position  as  nlfcht  engineer  in  one 
of  the  principal  buildings  In  New 
York  aty,  and  am  now  receiving 
a  salary  never  dreamed  of  two 
years  ago."-JoHN  E.  Lewis,  127 
E.  10th  St.,  New  York  City,  N.  Y. 


SCHOOLBOY  TO  ELECTRICAL  DRAFTSMAN 

"  While  yet  a  student  in  the  high 
school,  I  enrolled  In  the  Electrical 
Engineering  Course.  I  soon  se- 
cured a  position  with  the  Goodrich 
Hard  Rubber  Co.,  and  have  since 
advanced  from  one  position  to 
another,  until  I  am  finally  em- 
ployed as  asHlstant  draftsman  in 
the  electrical  department  of  the 
National  Steel  Co.,  with  a  salary 
60  to  luO  per  cent  better  than  I 
evelr  received  before."— Will  H. 
Gray,  1046  Orange  St.,  Youngs- 
town,  Ohto. 
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A  D  VERTI8EMENTS 


€ngineering  Schools  and  Colleges 


Pratt   Institute, 

BROOKLYN,  N.  Y. 

Steam  and  Machine  Design, 

Two-year  course. 

Applied  Electricity, 

Two-year  course. 

Byenlng  Oonnei  In 

Steam  and  the  Steam  Engine, 

Applied  Electricity,  Physics, 

Chemistry  and  Drawing ; 

Also  Carpentry,  Machine  Work, 

Plumbing,  Sign  and  Fresco  Painting. 

Wilto  for  oatalogae  and  parttculan. 

Lafayette  College, 

KMTON,  PA. 

Beren  oonnei  In  Artt,  Philosophy,  and  Bolenoe,  GiTil, 
mBinf,  neolrieal  Engineering,  and  Ghemiitry.  Annnal 
Oommenoement  June  21st.  Fall  tenn  hegini  Beptom- 
berUth. 

Vor  OatalogQiM.  sddiea  the  Seglitrar. 

■ICHISJIR  C0LLE8E  OF  HIRES. 


A  stats  Technical  School.    Etoottye  Syrtem. 
tsnt.   OoUflge  year,  45  weeks.   For  oatalogiies,  glTlng 
sstplorBent  of  grsdnatet,  sddren 

MSa  F.  H.  800TT.  Seo'y,  Houghton,  MIoh. 


The  Woroostor  Polytoohnio  Institute, 

Wsrssstsr,  Hass. 

T.  0.  MsiiDSirHALL,  Preiident. 
Ooniisi  of  Stody  in  Machsnical,  ClTll,  end  gleotrtoal 
XDflneering ,  Ghemiftry.  snd  General  Bolenoe.  New 
aaa  eztsnuTe  laboratonei  in  Xngineering,  EleoMolty. 
PhTBlei,  and  Qenersl  and  Indnstrtal  Chemlitry.  Special 
fsdlitlSB  In  Steam  and  Hydranlloa.  ItS-psgt  MttlMit, 
ihowlng  appointments  leouied  by  grsdnates,  iitilH  ttm. 
AddiSH,  J.  E.  MARSHALL,  Beglstrar. 


Harvard  University 

Lawrence  Scientific  School 

OFVEBS  OOUBSEB  Df 

KNOINKKRINO,  •HKHISTRY. 

•KOLOeY. 

BIOLOGY,  tta 


■ININe, 
MOHITKOTURK, 

MONTAQUE  CHAMBBRUIN,  Secretery, 
N.  a  Shaler,  Dean.  CsaMdft,  Mia. 

/yiissouri  School  of  ^Vlities 
and  iWetallurgj?.    ^^£fffSf;Si^* 


lentoftbe 


Oflen  OooTBes  In  MISIS8, 

MCTALLUR8T. 
CHEMISTRY. 
CIVIL  CROIREERISS. 
8ERERAL  8CIERCE. 

Tuition  free.    Fine  equipment    Unexcelled  metsllnifieil 

and  ore-dreoring  plant. 
8E0.  E.  UDD,  Dirtottr.  ROUA,BI 


Rensselaer     % 
"%..  Institute,, 


Troy,  N.Y. 


Media  Academy  SS.^'gLSSafaSS 

tlSe,  Kngllih,  and  Oommerolal  oooises.  Thoroaglipn|»r 
latlonfor  college  or  trndneiL  Careful  IndlTldiial 
attention.  Kxcellent  table.  Beautiful  location.  Cirailv 
free.  Chas.  W.  Stuast,  Piln..  Media,  Fs. 


Correspondence  Schools 


LKARN  TO  WRITE  WELL. 
Ton  can  do  it  in  odd  moments  at  home. 


A  good  hand  writing  aeourei  higber  ailazy 


Trlfllnf 
iazyana 


Cedar  Hapids,  lo'vira. 
eoretod  podtiona.  Ko  failure  by  thu  method, 
ally  conducted  by  A.  N.  Palmer,  editor  of  "Western 
Penman"  for  fourteen  yean.  Write  at  once  for  free 
eireular  and  sample  copy  of  the  *'  Western  Penman.* 


STUDY 

WH 

AT 

HOME 


Leading  school  in  correspon- 
dence instruction. 
Course  leads  to  LL.B.  and  pre- 
pares for  admission  to  Bar  in 
all  States.  Also  a  Business 
Course.  Able  professors. 
Eighth  year.  Full  particulars 
free. 

Chleege  Cerreapendeaee 
Scheel  ef  Law, 

601  Reaper  Block,      Chicago. 


SHORTHAND  BY  MAIL.  S^ST^'^et.?^ 

Regulate  your  own  progress.    Poaitlona  when  oompettnt. 

Write  for  catalogue  and  first  lesson,  sent  free. 

pons  SHORTHAND  COLLEOE,  i«i  tSS,  WILUAHSPOIT.  Pi 
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THE  COLLIERY  ENGINEER  COMPANY,  Ptoprieton 
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Etttofiu  Steff 

J.  J.   Ol^iLRK,    ^d.    B.,  ^dAAABl&8   ED<Utor 

A..  K.  3XOICSS,       ....        ^eeoolAte  Editor 

W.  Bcx>iT<X>LLiif8 Strvetural  BitffkiMrIno  amd  BmUdkig  TraOm 

T.  N.  Tbomsom amUary  EHgkMehK^ 

JoHH  A.  GxxNiife auam  Eitgkiii&BHmo 

R.  B.  WiLUAMBOM,  M.  B., BiKMeal  Eitgkiii&BHmo 

Chablhi  J.  Hatbb, CkUf  nhutratar 


TERMS:— Salacrlptf  on,  tl.QO  a  year  In  adyanoe:  single  nnmben,  10  oenta.  BabKtlben  may  remit  to  na 
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ADVERTISEMENTS 


THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS»SCRANTON,PA. 


PERSEVERANCE  IN  STUDY  BRINGS  SUCCESS 

^'Be  sure  tliat  your  tra<Iet  your  professiont 
your  calling  in  life^  is  a  good  one;  then  be  true 
as  steel  to  it.  Study  for  it^  plan  for  it,  work 
for  it,  live  for  it;  throw  your  mind,  might, 
strength^  heart,  and  soul  into  your  actions  for  it, 
and  success  will  crown  you  as  her  favored  child«^ 


PROM  BOOKKBBPBR  TO  MANAGBR 


"I  ajm  very  well  satisfied  with 
my  Coiine.  It  han  been  of  much 
value  to  me.  Since  enrol  I  lug,  I 
have  advanced  from  bookkeeper 
to  manager  of  the  Bozeman  Mill- 
ing Company,  with  an  increase 
in  salary  of  50  per  cent.  I  can 
heartily  lecommend  the  Schools 
to  everyone  wishing  to  improve 
themvefves  an<l  to  better  their 
conditions,  and  especially  to  those 
who  have  but  limited  opportuni- 
ties for  advancement.*'  —  E.  B. 
Lammb,  Bozeman,  Mont. 


SALARY  TWICB  INCRBA8BD 


"  I  consider  my  Complete  Goal 
Mining  Course  the  best  investment 
I  ever  made;  for,  as  a  result  of  my 
studies,  I  have  secured  a  position 
as  Mine  Foreman.  This  poHition  I 
have  now  held  for  seven  months, 
during  which  time  I  have  been 
successful  in  increasing  the  capa- 
city of  the  mines,  and  the  company 
has  twice  increased  my  salary 
without  my  asking  for  it.  I  give 
The  International  Oorrespondenoe 
Schools  credit  for  my  success."— 
A.  E.  OuvEB,  Huntington,  Ark. 


ADVANCBD  TO  CHIEF  BNGINBBR 


"At  the  time  I  enrolled  for  the 
Stationary  Engineers'  Course,  1 
could  not  work  ordinary  sums  in 
-  fractions,  havinx  had  only  sixty- 
one  days'  schooling  when  a  boy. 
The  benefits  derived  are  of  Inesii- 
mable  value  to  me.  I  have  been 
advanced  in  pofdtion  three  times, 
and  have  had  an  increase  of  salary 
twice.  At  present,  i  am  employed 
as  Chief  Engineer  of  the  general 
office  building  of  the  N.  P.  R.  R., 
St.  Paul."— Wm.  Wacker,  201  W. 
6th  St.,  St.  Paul,  Minn. 


MILL  BNGINBBR  AND  BLBCTRICIAN 


"Although  I  was  considered  an 
expert  in  book  keeping  and  general 
office  work  in  Italy,  I  found  all  my 
experience  utterly  useless  when  I 
landed  in  this  country.  I  man- 
aged to  earn  a  living  as  a  draftn- 
man.  Since  taking  the  Electrical 
Engineering  Course.  I  have  been 
quite  successful  as  Mill  Engineer 
and  Electrician  in  Charlotte,  and 
receive  good  pay  for  my  work."— 
RoMBO  Taguabub,  care  H.  M. 
Steele.  Central  of  6a.  Ry.  Co., 
Savannah,  Ga. 


8UPBRINTBNDBNT  OP  BLBCTRIC  LIGHT  CO. 


"I  am  very  much  pleased  with 
the  Electric  Power  and  Lighting 
Course,  and  acknowledge  that  I 
owe  much  of  my  success  to  your 
Schools.  Before  fully  completing 
the  Course,  I  obtained  the  position 
of  Superintendent  of  the  Ephrata 
Electric  Light  Co.,  and  have  since 
installed  complete  plants,  making 
all  specifications  and  drawings  for 
them  myself.  One  of  these  was  a 
storage  battery  plant.  I  have 
nothing  butpraise  for  you.  "—John 
W.  Von  Nkida,  Ephrata,  Pa. 


SALARY  INCREASED  $1.35  PBR  DAY 


"When  I  enrolled  in  the  Com- 

f»lete  Mechanical  Course,  I  was 
n  the  carpenter  shop  of  the  Amer- 
ican Steel  and  Wire  Co. ,  Pittsburg, 
Pa.,  at  $1.40  per  day.  After  I  had 
completed  the  Mechanical  Draw- 
ing,! was  given  a  position  in  the 
drafting  room  at  the  mill.  Now  I 
am  employed  with  J.  &  1.  B.  Mil- 
hollana,  as  draftsman,  at  a  salary 
of  $2.75  per  day.  The  Schools  and 
a  few  months'  persistent  study  did 
it  for  me."— Norman  Randlett, 
31  Merrimac  St..  nttsburg,  Pa. 


IN  BUSINESS  FOR  HIM8BLF 


"F6r  some  time  after  enrolling 
in  the  Schools,  I  was  working  for 
a  Railway  Company,  at  work  en- 
tirely out  of  my  line,  and  at  ordi- 
nary wages.  I  am  now  in  the 
plumbing  business  for  mvself,  and 
am  daily  gaining  ground  over  my 
competitors.  I  heartily  endorse 
your  methods  of  instruction,  as  I 
nave  found  that  your  teachings 
work  out  in  practice.  My  success 
In  business  is  due  to  what  I  learned 
through  the  Schools."— Harby  H. 
WiSTEB,  Fayetteville,  Ark. 


CITY  BNGINBBR  OF  LEBANON,  IND. 


"  I  find  the  mathematical  part  of 
the  Municipal  Engineering  Course 
far  more  practicalihan  anything  I 
had  learned  during  a  three  years' 
Course  in  college.  I  have  since 
been  elected  Cit>  Engineer  nf  Leb- 
anon, Ind.,  a  thriving  little  city 
Just    beginning    permanent    im- 

f»rovements,  and  am  proud  that, 
n  your  Course,  I  have  the  means 
for  thoroughly  and  scientlflcally 
solving  questions  of  adequate 
sewerage  and  the  best  streets."— 
Jno.  W.  FuLWiDER.  Lebanon,  Ind. 
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The  International 
Correspondence  Schools, 


Scranton,  Pa* 


TO  OUR  STUDENTS, 

^£  HAVE  a  great  body  of  students  in  all 
parts  of  the  world  who  are  holding 
positions  of  responsibility,  are  making  in- 
ventions, erecting  buildings,  executing  im- 
I)ortaiit  engineering  and  mechanical  work, 
and  generally  rising  in  life  into  positions  of 
trust  and  influence. 

It  is  our  def*ire  to  secure  all  the  information 
popsible  about  our  students.  We  therefore 
cordially  invite  them  to  send  us  detailed 
information  about: 

(1)  Advancement  in  position  or  salary 
due  wholly  or  in  part  to  our  Courses 
of  Study. 

(2)  Inventions  made,  patents  secured, 
books  or  articles  written,  etc. 

(3)  Buildings  planned  or  erected. 

(4)  Engineering  enterprises  being  car- 
ried on. 

(5)  Important  mechanical  work  being 
perlFormed  under  the  direction  of 
students. 

(6)  Helpful  methods  or  devices  for  home 
study  originated  or  in  use  by  students. 

(7)  An^  other  information  that  will  be 
of  interest  to  fellow  students  in  The 
Schools. 

State  all  the  facts  clearly  in  your  own 
language.  We  will  prepare  for  publication 
whatever  is  sent  us  that  we  can  use.  Wher- 
ever possible  send  photographs,  drawings, 
sketches,  or  plans. 

Address  communications  on  these  sub- 
jects to  the  "I.  C.  S.  Department/'  Science 
AND  Industry,  Scranton,  Pa. 


The  International 
Correspondence  Schools, 


Scranton,  Pa. 


The  Technical  Supply  Co. 

TYJE  HAVE  a  few  copies  each  of  the  following 
^^  technical  books  in  stock,  perfectly  new 
but  slightly  shelf-worn,  which  we  will  close  out 
at  a  discount  of  about  20  per  cent,  from  the  list 
prices,  which  will  also  include  postage  paid  to 
destination. 


Alexander's  Ready  Reference 

Anglin'B  Design  of  Structures 

Bwot's  Accidents  in  Mines 

Baker's  Theory  of  Steam  Engine 

Baldwin's  Steftm  Heating  of  Buildings 

Brannt's  Metal  Workers 

Brush  A  Penfleld's  lieterminatiTe  Mineralogy 

Carpenter's  Experimental  Engineering 

Cla'-ke's  Fuel,  Its  Onmbustion  and  Economy 

Clarke's  Rules  and  Tables 

Dalstrom's  Fireman's  Guide 

Dana's  A  System  of  Mineralogy 

Dana's  New  Text  Book  of  Mineralogy 

D  tna's  Text  Book  of  Elementary  Mechanics 

Downs'  The  Mastery  of  Memorising 

Driscoll's  Gold  Ores 

Du  Bois'  New  Method  of  Graphical  Statics 

Eisiaer's  Modem  High  ExploslTca 

Falrley's  Colliery  Managers'  Calculator 

Fen  wick  A  Baker's  Subterraneous  Surveying 

First  Aid  to  the  Injured 

Frankland's  Mine  Surreys 

Ore8«>Iey's  Glossary 

Gribble'B  Preliminary  Surveys 

Humt's  Tables  for  Engineers 

James'  Colliery  Ventilation 

Lloyd's  Mine  Manager 

Lock's  Mine  and  Ore  Dressing  Machinery 

Merriman's  Text  Book  on  the  Mechanics  of 
Materials 

Molesworth's  Pocket  Book 

Moore's  Universal  Assistant 
Jiuir's  Practical  Chemistry 
^fcholl's  The  Story  of  American  Coals 

Osborne  Mining 

Pattern  Making 

Perry's  Applied  Mechanics 

Beagen's  Brush  Arc  Lighting  System 

Redwood's  Mineral  Oils 

Roper's  Catechism  of  the  Steam  Engine 

Roper's  Handbook  of  Steam  Fire  Engines 

Roper's  Young  Engineers'  Own  Book 

Roy's  Coal  Mines 

Roy's  Practical  Miners'  Companion 

Sawyer's  Accidents  in  Mines 

Sloane's  Arithmetic  of  Electricity 

Sloane's  Electric  Toy  Making 

Sloane's  Electricity  Simplified 

Sloane's  How  to  Become  a  Successful  Elec- 
trician 

Smith's  Acoustics  of  Public  Buildings 

Spon's  Mechanics'  Own  Book 

Smith's  Press  Working  of  Metals 

Smith's  Treatise  on  Wire  Ropes 

Tate's  Mine  Students 

Thomas'  Coal  Mine  Gas 

-Trautwine's  Excavations  and  Embankments 

Vogde's  Architects'  Pocket  Book 

Watt's  Electro  Deposition  of  Gold,  Silver, 
Copper,  Nickel,  Etc. 

Williamson's  Mining  Notes  and  FormulsB 

Wilson's  Tool  Maker  and  Designer 

Winton  A  Miller's  Engineers'  Encyclopedia 
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€ngineeflng  Schools  and  Colleges 


Pratt   institute, 

BROOKLYN,  N.  Y. 

Steam  and  Machine  Design, 

Two-yemr  coarse. 

Applied  Electricity, 

Two-year  course. 

Srenliif  Ooones  In 

Steam  and  the  Steam  Engine, 

Applied  Electricity,  Physics, 

Chemistry  and  Drawing ; 

Also  Carpentry,  Machine  Work, 

Plumbing,  Sign  and  Fresco  Painting. 

Wiito  tor  catslogne  and  psrtlciilan. 

Lafayette  College, 

KMTON,  PA. 

Bsren  oooxmi  In  Arte,  PhUoiophy,  and  Bdencek  GiTil, 
mnlncneoferioal  Engineering,  and  GhemJitry.  Annnal 
Oonuneneement  June  aoit  Fall  tenn  begini  Seplem- 
berllKh. 

Vor  OatalogOM,  addisH  the  BeglitMr. 

■leiilSJIR  eOLLESE  OF  HIRES. 


A  state  Teohnloal  School.   XleotlTe  System.   

tens.   OoUflge  year,  45  weeka.   Vor  oatalognea,  glTlng 
SMjIajmeiH  of  gradnatea,  addieai 

MSa  F.  H.  800TT,  See^.  H6lighftOB,  MIeh. 


Tho  Woroostor  Polytoohnio  Instltuto, 
Waraastar,  Haas. 

T.  0.  MsiiDsirHALL,  Pxeiident. 
Oonnei  of  Stody  in  Meohanloal,  Ciyil»  and  Eleotrteal 
Bnglnewing,  ChanlBtry.  and  General  Bdenoe.  New 
sad  eztenatYe  labozatcmea  in  Bnidneering,  EleeMolty. 
PhyilQi,  and  General  and  Indnatrial  Chemlitry.  Speelai 
ftuflHtfui  in  Steam  and  Hydranllca.  ItS-paft  uttitna, 
ihowlng  appointmente  Mouied  by  gradnatai,  aalM  ttm. 
Addiem,  J.  E.  MARSHALL.  Beglstrar. 


Harvard  University. 

LAWRENCE  SCIENTIFIC  SCHOOL. 

TwelTe  departments  of  study  leading  to  the  degree  of 
rof  dcienoe. 


Bachelor  c 

Civil  En|ineerin|, 
EltotriotI  Cnfinttrlnf, 
Meohinlcil  En|iiiMrla|, 
Minlnf  end  Mttallarn. 
Arohlteotara, 
Landaoapa  Arehltaetora, 


Chaaiatry, 

Gaalogy. 

ftlolon. 

Aaatamy  and  Pbysiolau. 

For  Taaobora  of  Sclaiaa,  iM 

OaMral  Solaaoa. 


For  DeacilptiTe  Pamphlet^  apply  to 

J.  L  LOVB,  StCTeUry, 

N.  8.  Shaler,  Dean. 


CAI1B0IMS.IUS& 


/yiissouri  School  of  /yiines 
and  iWetallurgj?.    ^^£arS5^? 

Offers  Coones  in  MIRIIIO, 

METALLURST. 
CNEMISTRY. 
CIVIL  ENIREERINg, 
•ERERAL  SCIERCL 

Tuition  free.    Fine  equipment.   Unereelled  metaUviloil 

and  ore-dremlng  plant. 
QEO.  E.  LAPP.  Plractar.  »  -  -  RtHUH 

Rensselaer     % 

%%^  Institute, 
%'      Troy,  li.Y. 

Media  Academy  ^S^'!^JSS!itS^ 

tme,lngUih.andOommerolalooQmai.  Thofoo^iiiiivar 
lattonlor  ooUege  or  hnafnias  Oaratai  Mttrlftial 
attention.  KxeaUent  table.  Beantlfnl  ]ooaliop.^Gb«^ 
free.  CHika.  W.  Stuabt.  PiIb.,  Media,  Pi. 
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LKARN  TO  WRITE  WELL. 

Too  ean  do  it  in  odd  moments  at     .    _ 

A  good  handwriting  secures  higberMlary 


TnUlM 
aryani 


Cedar  Rapida,  lo^vv^a. 
eofeted  poBitions.  Ko  failure  by  this  method. 
ally  oonaueted  by  A.  N.  Palmer,  editor  of  "Western 
Penman"  for  fourteen  years,  write  at  once  lor  free 
olioular  and  sample  copy  of  the  "  Western  Penman.' 
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UW 

AT 

HOME 


Leading  sehool  in  oorraspon- 

denee  Instruction. 
Oouise  leads  to  LL.B.  and  pre- 
pares lor  admission  to  Bar  In 
all  Blatce  Also  a  Business 
Course.  Able  professors. 
SIghthyear.  Full  partiealars 
free. 
Chleege  Cerreapeadeaoe 

Seheel  ef  Lew, 
§01  Reaper  Block,      Chicago. 


Pioneer  Cooibs.  J*^ 
tanee  no  objeetios. 
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SUCCESS  THROUGH  GOOD  USE  OF  TIME 


PROM  BENCH  TO  ASSISTANT  FOREMAN 


The  man  who  cannot  find  time  to  improve  his  mind  and  his  opportunities  by 
study,  should  consider  the  object  lesson  taught  by  the  success  of  the  five  men  whose 
letters  appear  herewith. 

Any  one  who  has  lived  in  the  country  will  appreciate  the  disadvantages  under 
which  Mr.  Mischler  labored:  exhausting  work  in  summer;  limited  advantages  in  win- 
ter; then  an  apprenticeship;  and  finally 
long  hours  at  the  bench  in  tibe  wood- work- 
ing trade.  If,  under  these  discouraging 
circumstances,  he  had  not  jound  time, 
taken  it,  fought  for  it  against  the  natural 
longing  for  rest  and  recreation,  he  would  be 
still  where  many  readers  of  this  are — at  the 
bench,  with  little  prospect  of  advancement 
Those  who  possess  the  ability  to  direct 
the  work  of  others,  should  bring  it  to  the 
front.  This  ability,  as  utilized  in  the  poei- 
tions  of  foremen,  superintendents,  and 
managers,  commands  tiie' highest  salaries, 
whatever  the  kind  of  work.  The  man  who 
has  it  in  him,  should  fit  himself  for  a  posi- 
^  ^^j^  .^  which  he  can  use  it 

Many  readers  will  wonder  how  Mr.  Terry  was  able  to  push  to  the  front.  It  was 
by  developing  his  powers  through  education.  If  they  also  will  6ystemati<»lly  sacri- 
fice time  now  devoted  to  what  brings  no  return,  present  or  future,  they  can  accomplish 
exactly  as  much  as  Mr.  Terry  has  done.  They  can  mt^e  up  their  minds,  also,  that, 
without  some  sacrifice  of  present  ease,  they  can  never  accomplish  anything  of  the  kind. 
Mr.  John  Moore  took  a  little  time  daily  to  add  to  his  experience  knowledge  of 


Previoui  to  enrolllDg  in  the  Oomplete  Archi- 
tectunil  Course,  I  had  only 
a  common  school  educa- 
tion, as  I  worked  on  the 
farm  in  the  summer  and 
went  to  school  in  the  win- 
ter, until  I  began  to  learn 
my  trade.  I  cannot  help 
but  feel  that  the  Course 
has  been  of  benefit  to  me, 
as  it  has  been  the  means  of 
my  promotion  from  the 
bench  to  Assistant  Fore- 
man of  the  largest  archi- 
tectural wood-working 
manufactory  in  this  sec- 
tion, and  my  wages  have 
been  raised  twice.— Wm.  8.  Mischlxb,  796  Broad- 
way, Albany,  N.  Y. 


mathematics  and  skill  in  mechanical  drawing, 
had.  It  would  be  absurd  to  ask  any  one 
whether  he  desires  similar  rewards;  every- 
one wants  advancement  But  it  cannot  be 
had  without  work.  It  can  be  obtained  only 
by  taking  the  time  and  making  the  effort 
necessary  to  deserve  it.  Time  should  be 
utilized  for  study,  now  and  then,  whenever 
a  spare  moment  comes.  It  should  be  taken 
regularly  every  day.  The  main  thing  is  to 
be  sure  it  is  taken.  The  reward  can  soon 
be  expected. 

Those  who  live  on  the  line  of  an  elec- 
tric street  railway  know  what  a  conductor's 
hours  of  work  are:  in  many  cities,  inclu- 
ding stops  and  lay-overs,  from  twelve  to 

sixteen  hours  to  make  up  a  working  day  of 

ten  hours.     What  time  has  a  conductor  for  study  ? 
time  for  study,  to  advance  their  interests 
took  time  when  most 


No  reader  but  has  as  much  time  as  he 


IN  CHARQB  OP  DRAFTING  ROOM 

When  I  enrolled  for  the  Complete  Mechanical 
Course,  I  had  very  little 

knowledge  of  mathematics      f  

or  mechanics,  and  was 
doing  plain  drafting,  at 
ordinary  wages.  Since  en- 
rolling, my  wages  have 
been  raised  three  times, 
and  I  am  now  in  charge  of 
the  drafting  at  a  large 
machine  shop,  with  the 
ability  to  direct  others  in 
the  work,  as  well  as  to 
design  machine  parts.  I 
am  also  teaching  the 
mechanical-drawing 
classes  in  the  evening 
school  of  this  city.— Wm.  C.  Terry,  12  Meadow 
Street.  N.  Adams,  Mass. 


Yet  many  conductors  are  finding 
Mr.  Sweetman  is  an  example  of  one  who 
men  would  have  said  there  was  no  time  to  take.     His  use  of 
extremely  limited  spare  time  has  brought  him  a  return  of  shorter  hours,  safer  and 
less  exposed  work,  two  promotions,  and  the  corresponding  raises  in  salary.     If  he  could 
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do  this  while  working  as  a  street-car  con- 
ductor, what  cannot  the  average  mechanic 
do,  with  much  shorter  hours  of  labor  and 
greater  opportunities  for  study  ? 

Who  would  not  like  to  increase  his 
salary  by  half,  to  rise,  moreover,  from 
common  labor  to  a  responsible,  well-paid 
position?  Mr.  Hightower  has  done  it. 
Others  have  done  it,  by  thousands.  Any 
one  can  do  it  who  will  set  to  work  with  a 
will,  and  devote  what  time  he  has  to 
making  himself  proficient  in  his  work. 
There  is  no  limit  to  what  can  be  accom- 
plished, given  determination  and  time.     A 

quarter  or  half  an  hour,  one  hour,  two,    ! 

three  per  day,  will  soon  put  one  years 

ahead  of  what  he  is  now.     Many  a  man  who  has  a  good 


PORBMAN  PATTBRNMAKBR 


It  was  while  working  at  my  trade  aa  pattern- 
maker that  I  saw  my  great 
need  of  an  edacation.  p 
Hearing  of  your  Schools, 
through  one  of  your  stu- 
dents. I  at  once  enrolled 
for  the  Mechanical  Draw- 
ing Course.  As  a  result,  I 
have  now  been  advanced 
to  the  position  of  foreman 
of  the  Tattemmaking  De- 


partment at  the  Oil  City 
Boiler  Works,  and 


my 
wages  have  been  raised 
$12.00  a  month.  I  cannot 
give  The  International 
Correspondence  Schools 
too  much  praise.— John  Moork,  7  Myers  Street, 
Oil  City,  Pa. 


*  head ' '  now,  can  make  his 


CONDUCTOR  TO  CHIBP  BLBCTRICIAN 


I  owe  so  much  of  my  success  to  the  Schools 
that  I,  with  great  pleasure, 
state  a  few  of  the  practical 
results  brought  about  by 
my  Electric  Railways 
Course.  I  was  acting  as 
conductor  on  the  Guelph 
Street  Railway  when  I  en- 
rolled .  Having  a  desire  to 
advance.  I  ^t  to  work  with 
a  determination,  and  was 
soon  promoted  to  assistant 
electrician,  and  afterward 
to  chief  electrician,  which 
position  I  now  hold.  Each 
promotion  brought  me  an 
advance  in  salary.— J.  H. 
SwEETMAN,  76  Northumberland 
Ont.,  Can. 


Street,   Guelph, 


ability  tell  far  better  by  merely  filling  his  mind  with  systematic  information  regard- 
ing what  other  successful  men  have  found  good  practice.     Men  willingly  spend  eight, 

ten  hours  a  day  at  work,  training  hands 
and  eyes  to  manual  dexterity.  They  ought 
also  to  spend  an  hour  or  two  training  that 
which  controls  hands  and  eyes  —  their 
minds.  It  is  a  waste  of  opportunity  to 
spend  all  one's  time  on  that  which  brings 
only  a  moderate  present  return  and  prom- 
ises little  for  the  future.  Most  men  should 
rest  less;  shorten  their  recreation  hours; 
study  more;  invest  time  daily  in  brains; 
make  this  a  habit.  They  can  then  confi- 
dently expect  and  ask  for  what  they  desire 
now  but  cannot  get — shorter  hours,  more 
attractive  work,  more  responsible  positions, 
and  better  salary. 

~ ^  Good  fortune  comes  only  through  good 

work.    **  Half  the  people  of  America,''  says  President  Jordan,  of  Leland  Stanford,  Jr., 

University,  **  believe  this  is  a  world  of  chance.     Now  and  then  some  man  catches  a 

falling  apple,  picks  up  a  penny  from  the 

dust,  or  a  nugget  from  the  gulch.     Then 

his  neighbors  set  to  looking  into  the  sky 

for  apples,  or  into  the  dust  for  pennies,  as 

though  pennies  and  apples  came  in  that 

way.      Waiting  for  chances  never  made 

anybody  rich.     Whatever  is  worth  having, 

comes  because  we  have  earned  it.     There  is 

but  one  way  to  earn  anything — that  is,  to 

find  out  the  laws  which  govern  production, 

and  to  shape  our  actions  in   accordance 

with  these  laws.     Good  luck  never  comes 

to  the  capable  man  as  a  surprise.     He  is 

prepared  for    it,  because  it  is    the  very 

thing  he  has  a  right  to  expect.     Sooner  or 

later,  every  man  finds  this  out." 


SALARY  INCRBA8BD  FIFTY  PBR  CENT. 

While  working  as  cleaner  in  one  of  the  largest 
hotels  in  Toledo,  the  chief 
engineer  of  that  building 
advised  me  to  enroll  in 
your  Schools.  I  accord- 
ingly took  up  the  Station- 
ary Engineers'  Course,  and 
am  now  employed  as  Engi- 
neer, and  earning  50  per 
rent,  more  wages.  What 
I  have  learned  is  worth  all 
the  time  I  spent  in  study, 
besides  the  nominal  cost 
of  the  Scholarship.  I 
heartily  recommend  the 
Schools  to  persons  deprived 
of  the  chance  to  get  an  edu- 
cation while  young.— T.  Douglas  Hightower, 
883  Indiana  Avenue,  Toledo,  Ohio. 
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VALUE  OF  THEORY  TO  THE  ENGINEER 


The  successful  engineer  muKt  master  the  theory  or  science  of  his  professioD. 
It  is  of  the  utmost  importance  for  all,  no  matter  how  much  practice  they  have 
had,  to  understand  this  ** organized  common  sense''  of  their  work,  as  Sir  W.  H. 
Preece  calls  it.  **  It  is  not  a  question  between  science  and  practice/'  said  he,  in  a 
recent  address  before  Scottish  engineers,  *4t  is  a  question  between  science  and  rule 
of  thumb.  Practice  is  always  there,  but  rule  of  thumb  means  rule  of  error,  until  by 
repeated  failures  rule  of  thumb  becomes  rule  of  right,  which  means  the  victory  of  organ- 
ized common  sense.  Organized  common  sense  is  a  very  good  term  for  science. 
Scientific  men  talk  nonsense  when  they  observe  differences  between  science  and 
practice;  and  so-called  practical  men  act  fooUshly  when  they  ignore  science  and 
assert  that  an   ounce  of  practice  is  worth   a  ton   of  theory.     Practice  based    on 

true  science  means  immediate  success  and 
economy;  practice  based  on  rule  of  thumb 
means  error,  delay,  and  excess  of  cost. 
The  engineer  cannot  neglect  the  laws  of 
nature  any  more  than  the  scientific  man  can 
ignore  successful  practice." 

To  the  thorough  mastery  of  theory 
every  engineer  of  note  owes  his  advanced 
position.  This  is  true  in  every  branch  of 
engineering  —  civil,  mechanical,  electrical, 
and  steam.  An  engineer's  progress  often 
dates  from  the  very  day  when  he  began  to 
improve  his  eflSciency  by  the  study  of  theory. 
,  A  case  in  point  is  that  of  the  operating 
engineer  of  the  Union  Bag  and  Paper  CJo.,  Mr. 
Hiram  McGlaughlin,  who  says,  speaking  of 
his  own  success  and  its  causes:  '*  I  had  been 
for  twenty-two  years  in  the  employ  of  the 
firm  whose Watertown,  Mass.,  mill  wajs  bought 
out  last  March  by  the  Union  Bag  and  Paper 
Co.  A  few  months  later  I  was  at  my  desk 
in  the  engine  room  working  out  problems  connected  with  my  studies  in  your 
Schools,  when  there  stepped  in  a  man  who  said  he  was  the  manager  of  the  company's 
mills.  He  sat  down  with  me  and  wanted  to  know  how  I  was  spending  my  time. 
I  told  him  the  whole  story.  He  asked  for  my  standing  in  your  Schools;  I  gave  it 
to  him,  and  he  went  away. 

**  Two  weeks  later  I  was  invited  with  him  to  our  Sandy  Hill,  N.  Y.,  mill.  Since 
that  time  I  have  been  his  consulting  engineer  for  all  of  the  fifteen  mills.  He  said 
this:  *  When  I  find  a  man  of  your  age  still  studying  to  make  himself  valuable  to  his 
company,  he  is  the  man  I  am  looking  for.'  He  uses  me  finely, ^and  quotes  me  on  all 
occasions  as  authority  on  steam. 

**  My  Course  in  Stationary  Engineering  has  been  ana  is  now  the  one  step  in  my 
life's  work  that  has  enabled  me  to  see  through  the  many  intricate  problems  connected 
with  my  profession.  I  can  now  see  plainly  what  before  I  only  saw  as  through  a 
mist,  dimly.     I  owe  my  recent  success  to  my  high  standing  in  your  Schools." 

It  is  an  encouragement  to  students  of  engineering  to  know  that  Mr.  McGlaughlin's 
experience  is,  by  no  means,  an  uncommon  one.  A  progressive  engineer,  who  makes 
the  effort  necessary  to  master  the  theory  of  engineering,  is  certain  to  rise. 


"From  Pire-Shovel  to  Indicator" 

Hiram  McGlaughllD,  Operating  Engineer  for  the 
Union  Bag  and  Paper  Co. 
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FARMER  BOY  TO  IRON-WORKS  OWNER 


Robert  Allison,  Pbopristob  of  the  Franklin  Iron  Works 


''The  roughest  road/'  says  BeDJamin  Frank- 
lin, ''often  leads  to  the  smoothest  fortune.'' 
Most  successful  men  of  today  can  look  back  to 
the  beginnings  of  their  careers  with  a  pardon- 
able pride  in  the  determined  struggles  that 
they  had  to  make  \o  raise  themselves  from  the 
early  disadvantages  of  poverty  and  lack  of  edu- 
cation. Those  who  are  bom  to  work  are  often 
fortunate.  They  take  up  the  yoke  in  their 
youth.  They  set  their  faces  to  duty  from  the 
first;  and  if  life  should  prove  a  burden,  their 
backs  become  inured  to  it,  so  that  they  bear 
the  weight  more  easily 
than  others.  But  the 
discipline  of  the  effort  to 
escape  from  unfavorable 
surroundings  is  exactly 
what  is  required  to  de- 
velop the  traits  of  char- 
acter most  essential  to 
success. 

Robert  Allison,  the  sub- 
ject of  the  following 
sketch,  was  bom  in  Mid- 
dleton,  Durham  County, 
England,  Dec.  25,  1827, 
and  came  to  this  country 
with  his  parents  when 
eighteen  months  old.  The 
family  settled  in  Schuyl- 
kill County,  the  coal  busi- 
ness then  being  in  its 
infancy.  When  Robert 
was  about  thirteen  years 
of  age,  the  family  removed  to  Shamokin,  North- 
umberland County,  and  soon  after  moved  to  a 
farm  near  Shamokin.  It  was  here  that  the  boy 
Robert  first  developed  a  talent  for  mechanical 
appliances.  A  small  stream  of  water  ran 
through  the  meadow;  on  this  stream  he  erected 
a  dam  and  made  with  crude  tools  consisting  of 
saw,  hatchet,  plane,  etc.,  a  complete  sawmill 
in  miniature.  Although  this  mill  would  not  saw 
timber — not  having  sufficient  power — all  the 
motions  were  complete,  from  the  waterwheel 
to  the  feeding  of  the  log  to  the  saw  and  the 
return  of  the  carriage  after  making  the  cut. 


This  little  sawmill  was  the  wonder  of  the 
natives,  and  attracted  no  small  attention  from 
the  townspeople  and  visitors  to  the  neighbor- 
hood. Unfortunately,  the  &cilities  for  edu- 
cation were  extremely  limited,  the  country 
schools  being  open  but  a  few  months  during 
the  winter,  the  teachers  being  farm  hands  who 
did  farming  during  eight  months  of  the  year 
and  teaching  school  the  other  four  months. 
Under  these  conditions,  boys  in  Robert's  cir- 
cumstances were  kept  at  work  in  and  about  the 
mines  and  farm  for  at  least  eight  months  of  the 
year,  and  went  to  school 
the  other  four  months, 
the  branches  taught  being 
the  three  R's. 

Mr.  Allison' 8  first  expe- 
rience with  real  machin- 
ery was  when  he  was 
about  fifteen  years  of  age. 
At  this  time  he  was  ap- 
pointed assistant  engineer 
at  the  Shamokin  fiumace. 
This  developed  a  further 
interest  in  machinery,  and 
at  the  age  of  sixteen  he 
was  apprenticed  to  the 
firm  of  Haywood  <&  Sny- 
der, Pottsville,  Pa.,  to 
learn  the  trade  of  machin- 
ist. After  completing  his 
apprenticeship  he  worked 
as  a  journeyman  for  about 
two  years,  when  he  ac- 
cepted the  position  of  foreman  in  the  shops  of 
T.  H.  Wmtersteen,  Port  Carbon,  Pa.  During 
his  service  with  Mr.  Wintersteen  he  introduced 
and  developed  many  improvements  in  the 
shops,  one  in  particular  being  a  tool  for  boring 
car  wheels,  this  machine  doing  five  times  as 
much  work  as  the  old  way.  Another  inno- 
vation was  a  portable  machine  to  bore  large 
cog  wheels,  spiders,  etc.,  the  system  employed 
reducing  the  cost  to  at  least  one-half  in  fitting 
those  large  pieces  of  machinery.  A  paper 
entitled  "  The  Old  and  the  New,"  prwented  by 
Mr.    Allison   at  the  Detroit   meeting  of  the 
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American  Society  of  Mechanical  Engineers,  in 
Jane,  1896,  and  published  in  Vol.  XVI  of  the 
Transactions,  gives  an  interesting  outline  of  the 
difficulties  that  beset  the  machinist  of  those 
days. 

About  1863,  Mr.  Allison,  in  partnership  with 
F.  B.  Bannan,  of  Pottsyille,  started  the  Frank- 
lin Iron  Works,  of  Port  Carbon,  which  had 
been  idle  several  years.  The  works,  under  the 
personal  management  of  Mr.  Allison,  immedi- 
ately rose  into  prominence,  and,  in  connection 
with  the  inventions  of  Mr.  Allison,  established 
a  world-wide  reputation.  One  of  the  first  and 
most  important  inventions  was  the  Allison 
Cataract  steam  pump.  This  pump  revolution- 
ized the  system  of  freeing  the  underground 
mines  from  water.  Another  important  inven- 
tion was  the  hydraulic  feed  for  diamond  drill- 
ing machines.  The  diamond  drill  was  a  French 
invention,  and  was  introduced  here  in  a  very 
crude  state.  Mr.  Allison  was  induced  by  the 
Pennsylvania  Diamond  Drill  Co.,  who  had 
purchased  the  French  patent,  to  take  hold  of 
the  machine  and  develop  it.  His  invention  of 
the  hydraulic  feed  was  the  stepping  stone  to  its 
success,  and  made  it  what  it  is  today— the 
greatest  prospecting  machine  in  existence. 

In  1878,  Mr.  Allison  purchased  Mr.  Bannan' s 
interest  in  the  works,  and  has  operated  them 
alone  until  within  two  years;  the  active  men  in 
the  works  now  being  C.  K.  Allison  and  F.  C. 
Allison,  sons  of  Robert  Allison. 

Among  the  inventions  of  Mr.  Allison,  and 
exploited  at  the  Franklin  Iron  Works,  may  be 
named  various  improvements  in  rock  drills  and 
air  compressors,  and  a  new  shaft  governor  for 
high-speed  engine,  etc 

The  Franklin  Iron  Works,  under  Mr.  Alli- 
son's management,  have  been  eminently  suc- 
cessful, both  mechanically  and  financially,  and 
stand  today  as  an  incentive  to  young  men  of 
limited  education  and  means,  and  shows  what 
can  be  accomplished  by  energy,  strict  attention 
and  application  of  the  mind  to  the  work  in 
hand,  fair  dealing,  and  a  determination  to  fulfil 
every  obligation  entered  into. 

Franklin  Iron  Works  machinery  has  been 
extensively  used  in  Australia,  Nova  Scotia, 
Sandwich  Islands,  and  other  foreign  countries, 
and  in  almost  every  state  in  the  Union. 

Notwithstanding  Mr.  Allison's  extensive  busi- 
ness transactions,  he  has  always  found  time  to 
take  an  active  part  in  public  affairs.   He  was  for 


many  years  president  of  the  Board  of  Trustees 
of  the  State  Hospital,  at  Ashland,  Pa.,  and  is 
now  trustee  of  that  institution;  he  is  president 
of  the  Port  Carbon  school  district,  treasurer  of 
the  local  Electric  Light  Co.,  president  of  the 
Pottsville  Gas  Co.,  a  director  in  the  Pottsville 
Water  Co.,  a  director  in  the  Schuylkill  Trust 
Co.,  a  member  of  the  local  committee  of  the 
State  Board  of  Public  Charities.  His  connection 
with  the  institutions  named  shows  that  his 
advice  and  assistance  are  appreciated  where  he 
is  best  known,  and  emphasizes  the  fact  that,  no 
matter  how  humble  a  beginning,  the  way  is 
open  to  all. 

Mr.  Allison  is  a  strong  believer  in  technical 
education  for  young  men.  Speaking  of  this  he 
says :  * '  I  consider  a  technical  education  almost 
indispensable  to  the  success  of  a  young  man 
who  wishes  to  enter  any  mechanical  or  engi- 
neering profession.  In  connection  with  this 
education,  a  desire  and  determination  to  suc- 
ceed will,  in  a  large  measure,  contribute  to  his 
advancement. 

''I  consider  the  advantages  of  young  men  to- 
day as  far  superior  to  the  advantages  to  be  had 
at  the  time  I  entered  my  career,  both  as  to 
facilities  and  cost.  Any  young  man,  with  the 
ability  and  desire  to  pursue  a  mechanical  call- 
ing, can,  after  passing  through  our  public 
schools,  take  a  course  in  any  of  our  numerous 
techniod  schools  and  prepare  himself  to  enter 
the  field.  If  not  able  to  take  a  course  in  a  high- 
grade  institution,  the  correspondence  schools 
are  open  to  him  at  a  nominal  cost.  In  my  day 
these  sources  of  help  were  scarce,  and  all 
through  my  career  I  felt  the  want  of  a  technical 
education,  and  had  to  substitute  hard  knocks 
and  horse  sense. 

''I  attribute  my  success  largely  to  the  fact 
that  I  naturally  took  to  mechanical  pursuits, 
and,  when  a  difficult  problem  confrt)nted  me, 
I  generally  found  a  way  to  work  it  out;  then  I 
made  it  a  rule  to  do  the  very  l^t  I  could,  no 
matter  how  simple  or  how  complicated  the  job 
that  came  into  my  hands.  I  also  gave  my 
personal  attention  to  all  the  details  of  the  work 
in  hand,  and  made  it  a  point  to  fulfil  all 
promises  to  customers,  as  to  strength  and 
capacity  of  machinery,  and  delivery  of  same, 
and,  when  I  failed  at  any  point,  which  was 
seldom,  I  always  applied  the  remedy  at  my 
own  cost.  In  this  way  I  established  a  reputa- 
tion that  brought  business  without  solicitation." 
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The  secret  of  the  snooeBS  of  Mr.  Alliflon  and  of 
eyery  other  man  who  has  worked  hia  way  from 
poyerty  to  affluence  is  that  he  applied  himself 
to  legitunate  bosinees  early  and  late,  ignoring 
all  oataide  boBiness  and  sticking  doeely  to  his 
purpose.  ^'Constancy  to  purpose,"  says  William 
DryBdale,''isalmoetamiracle-work6r."  Rarely 
does  a  young  man  reach  his  minority  without 
an  opportunity  to  see  this  for  himseUl  A  boy 
sets  his  heart  upon  some  olject  that  seems 
altogether  beyond  his  reach.  He  has  no  money, 
his  parents  and  friends  have  no  money  to  spare 
for  him.  But  if  he  fully  makes  up  his  mind 
to  it,  it  is  sure  to  come.  Every  dime  sayed, 
eyery  dime  earned,  brings  it  nearer.  No 
temptation  can  induce  him  to  spend  his  little 
hoard,  because  he  has  a  single  olject  in  yiew. 
If  he  has  real  constancy  to  purpose,  he  over- 
comes poverty,  one  of  the  commonest  and  most 
difficult  obstacles,  and  accomplishes  his  pur- 
pose. 

Let  every  man  remember,  also,  that  riaing 
in  life  is  not  a  rapid  process.  To  realize  this 
will  save  him  from  many  a  discouragement, 
and'  inspire  him  with  appreciation  of  the 
importance  of  the  little  steps  that  lead  to  suc- 
cess.   In  the  words  of  Longfellow, 

We  hare  not  wlngi,  we  oaimot  loar; 
Bat  we  have  feet  to  acale  and  dUnb, 

By  ilow  degree!,  by  more  and  more, 
The  cloudy  rommlt  of  our  time. 


EDUCATION  THE  KEY  TO  SUCCESS 


Every  man  has  found  the  key  to  success  when 
he  has  learned  how  to  use  the  qualities  of  his 
mind  to  the  best  advantage. 

With  a  trained  mind  he  is  able  to  use  every 
power  and  faculty  as  well  as  it  is  possible  for 
them  to  be  used.  The  privileges  of  the  educated 
are  inestimable.  They  know  more,  feel  more, 
see  more,  accomplish  more,  and  live  more 
happily  than  the  uneducated.  Would  you  have 
this  world  beautiful?  Learn  what  beauty  is, 
and  you  will  find  it  everywhere.  Would  you 
enjoy  a  higher  life  ?  Leam  what  are  the  higher 
things,  put  your  learning  to  profit,  and  you  will 
breathe  a  purer,  freer,  and  better  atmosphere. 
You  can,  if  you  wish,  make  the  end  of  your 
education  to  be  the  raising  of  your  life  higher, 
and  rendering  it  nobler,  better,  and  happier. 

You  can  turn  your  education  to  the  improve- 
ment of  your  material  surroundings.  ' '  It  makes 
little  difference,"  says  F.  Marion  Crawford,  the 


noted  novelist,  *'what  the  trade,  bunnesB,  or 
branch  of  learning.  In  mechanical  labor  or 
intellectuai  effort  the  educated  man  is  ilwayB 
superior  to  the  common  laborer.  One  who  is 
in  the  habit  of  applying  his  powers  in  the 
right  way  will  carry  system  into  any  oooapation, 
and  it  will  help  him  as  much  to  handle  a  rope 
as  to  write  a  poem."  Experience  alone  can  go 
so  far  and  no  ftirther.  To  bring  out  the  best 
efforts  of  the  mind  requires  something  more 
than  experience;  it  requires  education.  When 
education  is  sufiicient  to  enable  the  mind  to 
understand  the  hidden  prindplee  of  natuial 
law,  then  the  man  begins  to  use  his  abilitieB  to 
the  very  best  advantage. 

Men  do  not  now  grapple  with  their  sunoand- 
ings  with  their  muscles,  but  with  thdr  braini. 
Every  man  is  trying  to  make  his  head  save  his 
hands.  It  is  not  manual  skill  that  is  required  of 
the  rising  workman  as  much  as  it  is  mind  train- 
ing. Professor  B.  S.  Kimball,  of  Cornell  Uni- 
versity, tells  us  that  the  manual  skill  required  of 
the  machinist  is  not  nearly  as  high  as  that  of 
thirty  years  ago.  The  machines  that  the  ma- 
chinist now  has  to  make  are  more  complicated 
than  those  of  any  period,  but  the  tools  fiuiushed 
him  to  make  them  with,  are  vastly  superior  to 
those  ever  in  use,  so  that  the  parts  of  compli- 
cated and  delicate  machinery  can  be  made  more 
easily  and  cheaply,  with  less  skill  on  his  part.  | 
The  man  of  little  sldll  turns  out  fine  work  in  great 
quantities  by  means  of  turret  tools,  planers,  ' 
drills,  and  other  labor-saving  devices.  i 

The  man  who  is  careless  of  his  fiiture  stays  it  | 
his  planer  from  day  to  day,  forgetful  that  the 
revolution  of  machine-shop  practice  now  in 
progress  is  going  to  land  him  at  the  level  of  ft 
common  laborer,  unless  he  masters  the  prin- 
ciples of  his  trade  and  qualifies  himself  to  take 
positions  of  responsibility.  Otherwise  he  will 
not  have  to  wait  long  before  his  present  com- 
panion at  the  bench,  who  is  improving  bii 
opportunities,  will  be  issuing  directions  for  him 
to  follow,  and  his  own  chance  for  advancement 
will  be  so  much  less. 

Education  is  the  hope  of  every  ambitiooe 
man  in  the  engineering  trades  and  professiona  I 
Through  it  he  can  accomplish  the  great  thing 
of  making  himself  necessary  in  his  position. 
He  can  prove  to  his  employen  that  their 
interests  are  safe  in  his  hands  and  that  they 
have  not  got  a  mere  hireling  in  their  serriee. 
*<The  rising  man,''    says  E.  J.  Hardy,  ''is 
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one  who  attracts  attention  by  doing  something 
exceptional  and  beyond  the  range  of  his  special 
department''  How  is  it  possible  for  a  man  to 
do  something  exceptional  in  mechanical  work, 
wherein  eminence  is  attained  only  through 
thoTongh  knowledge  of  theory,  onless  he  takes 
time  to  learn  that  theory  7 

Education,  therefore,  is  the  key  to  success  in 
the  pursuits  followed  by  most  readers  of  this 
publication.  There  is  a  homely  rh3rme  emphasi- 
zing this  idea  that  every  reader  should  fix  in 
his  mind: 

Edueaticni,  the  capital  of  mind, 
SaoceM  withont  It  will  be  hard  to  find, 

and  every  reader  who  puts  in  practice  the 
principle  suggested  can  be  assured  that  with  a 
little  self-reliant  effort  he  is  certain  to  reach 
the  goal  of  success. 

SUCCESS  OF  COUNTRY-BRED  BSEN 

It  is  too  much  the  habit  for  city  dwellers 
who  passed  their  boyhood  in  the  country  to 
consider  their  early  surroundings  a  serious 
disadvantage  in  the  struggle  for  position  and 
sucoeas.  We  wish  the  many  readers  of  Scibncb 
AND  Industbt  who  reside  in  the  country  or  in 
rural  villages,  and  the  still  larger  number  who 
live  in  the  cities  and  can  look  back  to  an  early 
life  in  the  country,  to  realize  that  this  is  a 
wrong  attitude  to  take. 

The  young  men  most  likely  to  be  successftd 
aj«  those  who  are  resourceful  and  self-reliant 
in  emergencies.  Country  life  affords  unsur- 
passed opportunities  for  developing  these  traits 
of  character.  It  is  not  so  much  what  a  man 
knows  as  what  he  can  do  that  counts  for  suc- 
cess; knowledge  can  be  gained  at  any  time,  but 
the  qualities  of  promptness,  thoroughness,  and 
self-reliance  are  seldom  acquired  after  youth. 

The  kind  of  life  that  will  produce  the  highest 
development  of  both  mind  and  body  is  that 
which  gives  th^  mind  the  most  things  to  think 
about  and  the  body  the  greatest  number  of 
things  to  do.  In  this  respect,  country  life  far 
surpasses  that  in  the  city.  Life  in  the  country 
is  full  of  emergencies  that  must  be  promptly 
met.  Its  experiences  comprise  greater  variety 
and  include  a  wider  field  than  those  that 
confront  the  dty  boy.  Dr.  Stanley  G.  Hall, 
President  of  Clark  University,  says  that  the 
£Bffmer  boy  has  to  know  about  seventy  different 
industries.  Follow  a  country  lad's  work  and 
see  how  the  most  exacting  tests  arise  continu- 


ally to  tax  his  ingenuity  and  skill.  The 
simple  operation  of  plowing  is  a  good  example. 
"He  begins  plowing,  but  the  plow  persists  in 
penetrating  the  soil  too  deeply,  and  he  must 
stop  and  careftilly  adjust  the  plow  beam;  the 
mold  board  is  rusty,  and  he  must  devise  a 
remedy;  the  plow  strikes  a  stone,  and  he  receives 
a  blow  in  the  side  that  tries  his  self-control;  it 
strikes  another  obstacle,  and  the  harness  breaks; 
he  must  mend  it  with  insufficient  tools  and 
materials;  the  horse  becomes  chafed  under  the 
collar,  and  he  must  find  a  cure;  he  plows  up  a 
bumble  bee's  nest,  and  narrowly  averts  a  runa- 
way; the  whiffletree  breaks,  and  with  an  ax 
and  drawing  knife  he  must  make  another  to 
take  its  place."  Emergencies  such  as  these 
educate  as  nothing  else  can.  They  demand 
at  the  same  time  vigorous  thinking  and  acting. 
They  develop  the  self-reliant  spirit  most  essen- 
tial to  success.  At  every  point  the  country 
boy  must  make  ingenious  shifts  without  proper 
implements  or  supplies.  He  must  think  and 
act  with  promptness.  He  becomes  resourceful 
and  master  of  almost  any  situation  or  emergency. 

It  is  a  great  aid  to  success  for  a  young  man  to  be 
early  given  serious  responsibilities.  An  impor- 
tant part  of  the  country  boy' s  training  for  leader- 
ship is  found  in  the  constant  demand  upon  him 
to  bear  part  of  the  home  responsibilities.  At  an 
early  age  he  must  be  a  &ctor  in  the  earning 
power  of  the  fiEunily.  The  systematic  care  of 
live  stock,  the  work  in  field  and  garden,  the 
hard  economies  and  self-denials  of  a  life  of 
comparative  poverty,  produce  habits  of  system, 
responsibility,  and  economy  that  tell  for  success 
in  after  life.  The  struggles  with  the  soil,  the 
exhilarating  work  of  leveling  the  giants  of  the 
forest,  the  mastery  and  training  of  stubborn 
domestic  animals,  all  cultivate  superior  will 
power  and  contribute  to  the  ability  to  master 
and  direct  men. 

*'  Nine  trades  out  of  ten,"  says  William  Drys- 
dale,  speaking  of  the  superior  advantages  of  tiie 
young  country  mechanic,  **  can  be  learned  bet- 
ter in  the  country  than  in  the  large  cities.  In 
the  country  the  establishments  are  smaller, 
there  are  fewer  hands,  and  the  apprentice  gains 
a  knowledge  of  all  parts  of  the  business.  In 
the  larger  shops  of  the  cities,  with  their  hun- 
dreds of  hands,  the  apprentice  learns  only  one 
branch  of  the  trade.  In  four  years  the  country 
apprentice  learns  every  branch.  He  is  a  com- 
plete mechanic."     In  the  large  city  shops  he 


Digitized  by 


Qoo^v^ 


VI 


SELF  HELP 


THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS,  SCRANTON,PA, 


learns  only  one  department,  and  at  the  end  is 
only  half  a  mechanic. 

''  The  chief  elements  of  leadership/'  declares 
H.  E.  Kratz,  superintendent  of  schools  at  Sioux 
City,  Nebraska,  **  include  strong  will  power, 
self-control,  self-reliance,  abundant  energy,  per- 
severance, self-confidence,  courage,  keen  insight, 
quickness  to  meet  emergencies,  to  act  while 
thinking  and  to  think  while  acting,  and  above 
all  a  firm  belief  in  the  power  of  man  to  shape 
adverse  circumstances  to  his  own  purposes." 

In  such  a  school  as  the  country  a  young  man 
acquires  the  arts  and  aspirations  of  the  leader. 
He  is  not  only  trained  in  early  life  to  realize 
that  he  has  a  part  in  the  world's  work,  that  he 
has  responsibilities  which  he  cannot  shift  from 
his  shoulders  to  those  of  others,  but  he  is  also 
trained  to  regard  manual  labor  as  worthy  of 
respect,  as  elevating  rather  than  debasing,  and 
that  the  price  of  success  is  earnest  effort. 

The  following  statement  by  Dr.  N.  B.  Hillis, 
of  Plymouth  Church,  Brooklyn,  showing  the 
results  of  country  training  for  leadership,  should 
inspire  every  country  boy  and  every  man  of 
country  breeding  to  put  forth  the  most  earnest 
efforts  to  make  his  early,  but  not  always  recog- 
nized, advantages  to  tell  for  success  in  life:  ''A 
recent  canvass  of  one  of  our  large  eastern  cities 
showed  that  ninety-four  per  cent,  of  its  leading 
citizens  were  brought  up  on  the  farm.  An 
examination  of  one  hundred  commercial  and  pro- 
fessional representative  men  of  Chicago  showed 
that  eighty-five  per  cent,  were  reared  in  the 
country  or  in  rural  villages.  Seventeen  of  our 
twenty-three  Presidents  came  from  the  farm. 
The  brain  and  nerve  centers  of  the  body  are 
not  more  dependent  upon  the  soundness  of  the 
related  tissues  than  the  city  is  upon  the  rural 
districts.  The  leaders  in  the  dty  are  quickly 
succeeded  by  men  from  the  country;  they  al- 
ways have,  and  always  will  be." 

The  incomparable  stimulus  of  rural  life  ren- 
ders the  senses  keen  and  discriminating.  Coun- 
try life  presents  constant  inducements  to  the 
fodleet  and  freest  exercise  of  the  country  boy's 
powers  in  shaping  things  to  his  purpose.  He 
has  the  most  favorable  environment  for  the 
development  of  his  mind,  and  especially  of  those 
mental  and  moral  qualities  that  make  for  leader- 
ship and  success.  Add  to  these  an  education 
in  the  fundamental  principles  of  engineering 
or  business,  such  as  is  now  within  the  reach 
of  every  country  lad  through  correspondence 


courses  of  study,  and  his  equipment  to  win  sac- 
cess  against  great  odds  is  Uix  better  than  that  of 
his  city  cousin. 

Every  man  who  possesses  the  mental  and 
moral  qualities  and  the  bodily  vigor  that  come 
from  country  boyhood,  and  especially  those 
who  have  begun  the  effort  to  improve  their  con- 
dition through  home  study  of  technical  sub- 
jects, should  consider  themselves  fortunate  in 
having  so  good  a  foundation  upon  which  to 
build  their  futures,  and  should  strive  persist- 
ently to  make  the  most  of  the  natural  advan- 
tages bestowed  upon  them  by  their  early 
surroundings. 

GOING  STRAIGHT  AHEAD 


Be  sure  you  are  right,  then  go  ahead;  and  be 
sure  you  are  wrong,  and  then  stop;  but  neither 
begin  nor  stop  till  yon  are  sure.  It  is  the  fre- 
quent changing  that  defeats  suooees.  If  yoa 
can  never  be  sure,  however,  do  not  on  that 
account  fail  to  proceed,  but  go  ahead  on  the 
best  judgment  you  have  and  persevere  with 
the  same  decision  in  doubtful  matters  as  well 
as  in  dear;  it  is  better  to  pursue  wisely  an 
unwise  course  than  irresolutely  to  pursue  a 
wise  one.  It  takes  time  for  suoceas,  and  time 
in  one  direction.  Changes  are  breaks  in  the 
line  of  prosperity,  while  one  ptirpoee  followed 
through  life  will  yield  a  rich  harvest  of  some- 
thing. Our  tramps  and  nondescripta  are  men 
of  many  purposes,  of  which  none  were  long 
pursued. 

''Be  sure,"  once  said  Hon.  William  £.  Glad- 
stone, ''that  every  one  of  you  has  his  place 
and  vocation  on  this  earth,  and  that  it  rests 
with  himself  to  find  it.  Do  not  believe  those 
who  too  lightly  say  '  Nothing  succeeds  like  suc- 
cess.' Effort — honest,  manful,  humble  effort- 
succeeds  by  its  refiected  action,  especially  in 
youth,  better  than  success,  which,  indeed,  too 
easily  and  too  early  gained,  seldom  serves,  like 
winning  the  throw  of  the  dice,  bat  to  blind 
and  stupefy." 

The  world  demands  that  everybody  be  a 
success  in  something.  Men  wUl  honor  a  suc- 
cessful bootblack  or  a  succeasfol  cobbler,  but 
will  show  no  mercy  to  a  cobbling  Senator  or 
Congressman.  If  you  are  a  &ilure  in  what  yoa 
undertake,  the  world  will  turn  a  cold  shoulder 
to  you.  Former  United  States  Senator  John 
Brooks  Henderson,  author  of  the  Thirteenth 
Amendment  to  the  Constitution  of  the  United 
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states,  iB  an  example  of  saccees  through  per- 
sifltent  effort.  When  a  lad,  he  was  bound  out 
to  a  yery  penurious  farmer  in  Virginia,  where 
he  drank  poverty's  cup  to  the  very  dr^^s.  Out 
of  his  long  working  hours,  during  evenings  and 
spare  moments,  he  studied,  after  the  fSurmer  had 
retired,  by  the  flickering  firelight  He  thus 
succeeded  in  getting  education  enough  after 
awhile  to  teach  a  small  country  school,  where 
he  earned  his  first  dollar.  Here  he  studied 
Blackstone's  and  Kent's  Commentaries,  and 
laid,  out  of  school  hours,  the  foundations  of  an 
eminent  legal  career.  Elected  before  he  was 
of  age  to  the  State  Legislature  of  Louisiana,  he 
rose  rapidly  and  was  elected  to  Congress  about 
the  time  Abraham  Lincoln  was  defeated  for 
the  same  honor.  Elected,  in  1860,  as  a  Unionist 
to  the  State  convention  called  in  Missouri  to 
determine  the  question  of  secession,  he  took 
active  part  as  a  Union  man.  Besides  being 
author  of  the  Thirteenth  Amendment,  he  was 
one  of  the  first  in  1865  to  propose  an  amendment 
granting  suffrage  without  distinction,  which 
finally  took  form  as  the  Fifteenth  Amendment. 
Removing,  in  1870,  to  St.  Louis,  he  engaged  in 
the  practice  of  law,  which  he  has  ever  since 
pursued.  He  is  now  said  to  be  worth  three 
millions  of  dollars,  and  his  magnificent  home 
in  St.  Louis  is  far  famed  for  hospitality. 

One  of  the  most  remarkable  examples  of  per- 
severance to  be  found  in  the  range  of  human 
experience  is  furnished  by  the  history  of 
pottery.  It  was  in  the  days  when  the  now 
familiar  glazing  on  chinaware  was  among  the 
lost  arts  of  antiquity,  and  coarse  brown  earthen- 
ware was  universally  in  use.  To  the  deter- 
mined purpose  of  Bernard  Palissy  to  discover 
this  lost  secret  we  owe  one  of  the  conmion 
neceesitiee  of  today.  His  parents  were  poor— 
too  poor  to  give  him  any  education  whatever. 
*'I  had  no  other  books,"  said  he,  'Hhan  heaven 
and  earth,  which  are  open  to  all." 

In  the  fiice  of  poverty,  with  the  burden  of  a 
large  family,  he  experimented  for  many  succes- 
sive years  with  various  compounds,  which, 
spread  upon  pieces  of  brown  pottery,  he 
endeavored  to  melt,  to  produce  a  white  glaze. 
Failure  succeeded  failure,  but  though  disap- 
pointed he  decided  each  time  to '  *  begin  afresh. ' ' 
In  only  one  of  his  repeated  experiments  did 
the  chemicals  melt  to  produce  a  white  enamel, 
and  then  on  but  one  piece  out  of  hundreds. 
He  built  his  own  furnace  with  his  own  hands. 


carrying  the  bricks  from  a  neighboring  brick- 
yard; he  was  '*  bricklayer,  laborer,  and  all." 
He  made  the  last  and  most  desperate  experi- 
ment of  all.  The  blazing  fire,  with  intense 
heat,  yet  failed  to  melt  the  enamel,  and  the 
fuel  ran  short.  The  garden  fence  was  torn 
down  and  thrown  into  the  fiimace.  The  enamel 
remained  unmelted.  The  fire  must  be  main- 
tained at  any  cost.  There  were  still  the  furni- 
ture and  closet  shelving.  *'A  crashing  noise 
was  heard  in  the  houce, "  says  Smiles,  the  biog- 
rapher, "  and  amid  the  screams  of  his  wife  and 
children,  who  now  feared  that  after  his  years  of 
struggle  Palissy' s  reason  was  giving  way,  the 
tables  were  seized,  broken  up,  and  heaved  into 
the  furnace.  The  enamel  had  not  melted  yet! 
Only  the  shelving  remained.  Another  noise 
of  wrenching  of  timber  was  heard  within  the 
house,  and  the  shelves  were  torn  down  and 
hurled  after  the  furniture  into  the  fire.  Wifeand 
children  then  rushed  from  the  house,  and  went 
frantically  through  the  town,  calling  out  that 
poor  Palissy  had  gone  mad,  and  was  breaking 
up  his  very  furniture  for  fire-wood!"  But  the 
last  great  burst  of  heat  melted  the  chemicals 
and  produced  the  first  of  the  beautiful  white 
enamel  familiar  today  on  even  the  cheapest  ware. 
Even  yet  his  object  was  not  achieved.  '"  Never- 
theless," said  he,  ^'hope  continued  to  inspire 
me,  and  I  held  on  manfully;  sometimes,  when 
visitors  called,  I  entertained  them  with  pleas- 
antry while  I  was  really  sad  at  heart."  Per- 
severing effort  in  the  one  direction  finally  won 
success;  and  today  Palissy 's  ornamental  pieces 
are  classed  among  the  rarest  gems  in  valuable 
collections,  and  every  one  of  us  enjoys  the 
benefits  resulting  from  his  efforts. 

The  man  who  desires  to  be  successful  must 
decide  on  some  worthy  object  for  his  ambitions, 
and  work  for  it  through  all  circumstances. 
"Wealth,"  says  Samuel  H.  Terry,  Esq.,  "is 
rarely  accumulated  in  any  other  way  than  by 
persistent  and  continuous  effort  in  one  direction; 
and  then  it  may  seem  long  to  the  anxious 
expectant  before  the  reward  comes.  Spasmodic 
efforts  to  expedite  it  often  do  more  to  retard 
than  hasten  it,  by  betraying  the  attention  from 
the  sober  and  practical  routine  of  details,  an 
essential  of  success,  and  causing  them  to  seem 
dull  and  plodding." 

"  It  is  not  hard  work,"  says  President  David 
Starr  Jordan,  "but  work  to  a  purpose  that 
frees  the  soul.    If  the  poor  man  lies  down  in 
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the  ftirrow  and  says:  ^  I  won't  try;  I  shall  never 
amount  to  anything;  I  am  too  poor;'  if  he  does 
this,  I  say,  he  won't  amount  to  anything;  and 
later  in  life  he  will  be  glad  to  spade  the  rich 


Railway  Writing  Shelf 
A  Coireipondence  Student's  Device  , 

man's  garden  and  shovel  his  coal  for  a  dollar  a 
day.  But  if  he  says  to  himself,  '  I  will  be  an 
engineer,  an  architect,  a  successful  man;'  if  he 
never  unsays  it;  if  he  bends  all  his  powers  in 
that  direction,  and  takes  advantage  of  all  those 
aids  that  help  toward  his  ends,  and  rejects  all 
that  do  not,  he  will  some  time  reach  his  goal. 
The  world  turns  aside  to  let  any  man  pass  who 
knows  whither  he  is  going." 

NECESSITY  THE  MOTHER  OF  INVEN- 
TION 

The  accompanying  illustration  represents  a 
very  neat  little  device  known  as  the  **  Railway 
Writing  Shelf. ' '  This  shelf  is  of  special  interest 
to  the  class  of  people  that  spend  a  good  deal  of 
time  in  the  railway  coach  or  street  car,  espe- 
cially to  the  suburbanite  of  a  large  city  who 
spends  from  one  to  two  hours  a  day  on  the 
train  or  street  car,  and  for  lack  of  something 
steady  on  which  to  hold  his  daily  paper  is 
apt  to  ruin  his  eyes  reading  its  small  print 
The  shelf  makes  it  possible  for  a  person  to  use  a 
pen  on  board  the  car,  with  almost  the  same 
ease  that  he  does  at  home  at  his  desk.    It  is 


especially  useful  to  students  of  The  Intenia- 
tional  Correspondence  Schools,  as  it  fbraiaheB  a 
good  rest  for  the  arm,  and  is  so  light  and  springy 
that  the  motion  of  the  train  or  car  scarcely 
interferes  in  the  least  with  writing.  One  of  the 
students  of  the  Schools,  Oliver  A.  Leonard,  of 
713  Masonic  Temple,  Chicago,  111.,  is  the  in- 
ventor of  the  shelf,  and  usee  it  regularly  twice  a 
day  in  going  to  and  from  the  city. 

A  brief  description  of  the  article  may  be  of 
interest.  It  is  made  mostly  of  aluminum;  its 
size  when  opened  ready  for  use  ia  thirteen  by 
thirteen  and  a  half  inches,  and  when  closed  it 
measures  six  and  a  half  by  thirteen  and  a  half, 
making  it  a  convenient  size  to  carry  in  the 
pocket,  the  weight  of  the  shelf  bttng  but  foor- 
teen  ounces.  When  in  position  for  writing,  the 
shelf  rests  on  the  car  window  sill,  as  shown  in 
the  illustration,  and  is  supported  by  either  a 
cane  or  umbrella,  which  is  hooked  to  a  bras 
clutch  on  the  under  side  of  the  shelf^  a  small 
spring  peg  being  slipped  over  the  end  of  the 
umbrella  or  cane  to  keep  the  shelf  from  slipping. 
It  is  balanced  and  kept  in  position  by  two 
small  brass  hooka  resting  on  the  sill.  Fixed  in 
this  manner,  the  shelf  is  strong,  well  balanced, 
and  secure.  It  takes  less  than  five  seconds  to 
take  it  down  or  put  it  up  ready  for  use. 

INVENTED  BY  AN  L  C  S.  STUDENT 

Alfred  G.  Adelman,  of  Boise,  Idaho,  a  stu- 
dent in  the  Schools,  has  turned  his  inventive 
genius  to  account  in  a  patented  choke-bore 
forming  device.  In  making  the  patent-office 
drawings  himself,  he  writes  us  that  he  used 
our  Complete  Drawing  Outfit.  The  tool  is  in- 
tended to  choke-bore  shot  guns  by  compreesing 
the  muzzles  instead  of  removing  metal  from 


the  interior  of  the  barrel  Mr.  Adelman's  de- 
vice has  the  merits  of  not  weakening  the  barrel 
and  of  enabling  the  operation  of  choke-boring 
to  be  easily  and  quickly  performed. 
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CABINBTMAKBR  BBCOMB8  DRAFTSMAN 

TO  any  one  desiioos  of  adrance- 
ment,  and  having  neither  the  Ume 
nor  money  to  secure  a  thorough 
college  course,  I  recommend  tne 
Schools  as  the  most  practical  meth- 
od of  Instruction.  The  cost  sinks 
In  to  insignificance  when  compared 
with  benefits  received.  The  knowl- 
edge gained  from  mv  Oomplete 
Architectural  OourM  has  enabled 
me  to  substitute  a  pencil  for  a  ham- 
mer. As  draftsman  I  now  receive 
18.25  per  day.— RuFUS  L.  Riedkl, 
818  Marais  St..  Mew  Orleans.  La. 


8URVBYOR  AT  THB  AOB  OP  19 

I  cannot  endorse  your  Schools  too 
highly.  When  I  left  the  public 
schools,  I  took  up  the  Civil  Engi- 
neerinffOoursein  the  Schools.  I  was 
soonolKu«d  a  temporary  Job  with  a 
surveying  party,  eamiiu;  $10.00  a 
month,  and  have  lately  been  with 
another  party,  making  170.00  a 
month.  I  advise  all  young  men  who 
desire  an  education  to  avaU  them- 
selves of  the  opportunity  to  enroll 
for  a  Course  in  the  Schools.— A.  E. 
Falkenbkbo.  511  Friendship  Lane, 
Waverly,  Baltimore,  Md. 

FARMBR  TO  DBPUTY  COUNTY  SURVEYOR 

I  cannot  express  the  gratitude 
I  feel  towards  the  Schools.  While 
afarmer,wlth  very  little  education, 
I  took  the  Surveying  and  Mapping 
Course,  and  was  soon  afterward 
appointed  deputy  county  surveyor 
at  $5.00  a  day.  I  am  still  "cruising* 
at  t5.00a  day  whenever  the  weather 
will  permit.  Myadvicetoany  one 
who  desires  to  improve  himself, 
and  to  rise  in  life,  is  to  enroll  at 
once.  All  I  have  gained  I  owe  to 
the  Schools.— Thos.  H.  Allman. 
Cathlamet,  Wash. 

FROM  BLACKSMITH  TO  DRAFTSMAN 

I  have  found  the  knowledge  ob- 
tained from  the  Mechanical  Draw- 
ing Course  invaluable  to  me.  With 
little  effort,  and  the  aid  of  the 
Schools,  I  have  secured  an  educa- 
tion which  has  not  only  qualified 
me  for  a  responsible  pciaiaon  and 
better  pay  asmadiine  blacksmith, 
but  enabled  me  to  illustrate  my 
ideas  in  mechanical  devices,  and 
hold  mypoeitlon  as  draftsman  with 
Stein  A  Boerlcke,  metallurgical  en- 

Sneers.— Gko.P]etobin,1518  Poplar 
..  Philadelphia,  Pa. 


CLBRK  8BCURBS  POSITION  WITH  ARCHITBCT 
One  year  ago,  while  employed 
as  a  clerk,  I  enrolled  for  the  Archi- 
tectural Drawing  Course  in  the 
Schools.  Three  months  later  I 
secured  a  position  in  an  architect's 
office,  and  am  now  drawing  a  good 
salary.  I  soon  found  that  what  I 
had  learned  made  my  work  so 
plain  that  I  could  not  afford  to 
stop,  so  took  up  the  Complete 
Architectural  Course.  No  young 
man  can  afford  to  lose  what  the 
Schools  can  give  him.— Wells 
INOKBSON,  2006  Midland  Ave., 
Syracuse.  N.  Y. 


PATTERNMAKER'S  SALARY  RAISED 

I  started  at  pattemmaking  with 
a  common-school  education,  and 
found  many  problems  which  I 
knew  nothing  about.  Noticing 
theadvantases  the  students  of  your 
Schools  had,  I  enrolled  for  the 
Complete  Mechanical  Course. 
After  six  montlis*  study,  I  now 
hold  a  good  position,  am  able  to 
handle  very  difficult  electric  work 
with  ease,  and  have  had  my  wages 
increased.  Every  mechanic  should 
take  this  Course.- E.  St.  John, 
19  Oakland  St.,  Lynn,  Mass. 

WOOD  TURNER  BECOMES  DRAFTSMAN 
When  I  enrolled  for  the  Com- 
plete Architectural  Course,  I  was 
a  wood  turner,  and  knew  little  of 
drafting.  The  knowledge  sained 
from  my  Course  has  enabled  me  to 
draw  many  plans  for  buildings, 
one  being  a  $5,000  frame  building. 
I  have  Just  completed  the  plans 
for  a  modem  brick  building,  and 
Intend  superintending  the  erection 
of  same.  I  wish  to  thank  the 
Schools  for  the  closeness  with 
which  my  work  was  corrected. 
—I.  L.  Tobias,  Assumption,  ni. 

SALARY  INCREASED  65  CENTS  PER  DAY 
My  knowledge  of  mathematics 
was  limited,  which  made  it  diffi- 
cult for  me  to  estimate  work  of 
any  kind  in  my  trade  as  carpenter. 
Since  taking  the  Complete  Archi- 
teqlural  Course  I  am  able  to  make 
correct  estimates  and    solve  all 

f>roblems.  My  salary  has  been 
ncreased  C5  cents  per  day,  in  addi- 
tion to  which  I  am  preparing  plans 
and  spedflcations  for  several 
buildings,  thus  increasing  my 
salaiT  still  more.— H.  P.  Fikk, 
80  Adams  Ave.,  N.  Peru,  Ind. 


BECOMES  A  MECHANICAL 
Being  ambitious  to  learn  more  of 
mechanics  and  mathematics,  and 
my  time  and  means  being  limited, 
I  enrolled  for  the  Electrical  Engi- 
neering Course.  I  waB.at  that  time, 
Instructor  of  machine  work  at  the 
Sockanossett  School  for  Boys,  and 
came  across  many  problems  which 
I  was  unable  to  solve,  but  which, 
thanks  to  the  Schools,  I  have  mas- 
tered. I  now  hold  a  position  as 
draftsman  for  the  Universal  Mar 
chine  Co.,  of  Providence.— Bbn- 
JAMIN  PiCARD,  Howard,  R.  I. 


NOW  CHIEF  ENGINEER  GREENVILLE  ICE  CO. 

When  I  enrolled  for  the  Sta- 
tionary Engineers'  Course,  I  had 
had  twenty  years'  experience  in 
the  construction  and  running  of 
machinery.  I  am  now  employed 
as  chief  engineer  of  the  Greenville 
Ice  Co.,  and  the  instruction  I  have 
received  has  not  only  lightened 
my  work,  but  has  led  to  an  increase 
of  salary.  My  employers,  impressed 
with  the  work  I  have  done  under 
your  Instruction,  are  going  to 
advance  me  to  a  still  better  paying 
position.— William  Krafft, 
Greenville,  Tex. 
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The  Lehigh  University, 

SOUTH  BETNLKNEM,  PA. 

The  UnlTersity  offers  oouraes  in  Qeneral  Literature,  in 
GlTll.  Mechanical,  Mining,  and  Electrical  Engineering,  in 
Metallurgy,  Analytical  ChemlBtry,  and  Geology. 

For  further  information,  for  Registers  of  the  Univenity, 
and  for  descriptiye  circulars  of  the  different  courses,  address 

Th«  R«ffittrar  of  Lehigh  University, 

Soutli  Betlilolioiii.  Pa. 

University  of  Wisconsin. 

All  the  Engineering  courses,  betides  a  General  Course, 
in  RnffdneeHng  Science  and  Practice,  with  liberal  electives, 
for  persons  not  expecting  to  follow  engineering  as  a  pro- 
fession. Athletic  advantages  unexcelled.  Fees  nominal. 
'*  Madison  has  the  most  magnificent  site  of  any  inland  town 
in  America,"  and  it  is  as  healthful  as  it  is  beautiful. 
Address 

J.  B.  Johnson,  Dean,  Oolite  of  Engineering, 
Madison,  Wis. 


Lafayette  College, 


EMTOH,  PA. 

Saren  coaiMi  In  Arts,  Phlloaophy,  and 


OItU. 


\  Jane  21«t    Fill  t«nn  begina 
btrlMh. 
fior  Oatalogoei,  address  the  Beglstrar. 

ThB  WBroBstor  PolytBohnlo  Instltutop 

WereetUr,  Hats. 

T.  0.  MsHDBffHALL,  Fxeiident. 
OOQiMs  of  BtDdy  in  Mechanioal,  OItU,  and  IlMtiieal 
ftigiiiMrlng,  Chamlitry.  and  Ganeial  Bdaiioe.  New 
and  ezteidTe  laboratcnies  1b  Bnglniwrlng,  Slaatrtflttr. 
FhrMoi,  and  Ganeial  and  Industrial  Chanditiy.  Bpaelal 
faoilltlns  In  Steam  and  Hydimnlloa.  IM-psge  ••tslsjie. 
ihowlng  appointments  second  by  giadnatM,  mIM  free. 
Addiesi,  J.  K.  MARSHALL.  T     ' 


1^ 
^3r 


University  of  Maine. 

CourKfl:  Clauical;  Soientille;  Latin  Sdtntiflc;  Civil.  Mechan- 
ioal. Electrioal  Engineering;  Chemical;  Agricnltural;  Prepara- 
torj  Medical;  Pharmacy:  School  of  Law.  Ezpenaei  including 
board,  f230.    Military  Drill. 

A.  'W.  HARRIS,  President,  Orono,  M«. 


Harvard  University. 

LAWRENCE  SCIENTIFIC  SCHOOL 

kents  of  study  leading  to  the  degree  o( 


TwelTe  de] 
Bachelor  of 


Civil  Engineering, 
EieotriosI  Engineering, 
Mooksnlosi  Engineering, 
Mining  and  Mttsllsrgy, 
Aroblteetsrs, 
Lsndsosps  Arolllttotttrs, 


Ckemlstry. 
€eolegy, 

Blolon. 

Anstomy  ssd  Pkytielei;, 
For  Tesohers  of  Seleset.  ii 
CsnersI  Selenee. 


For  DescriptiTe  Pamphlet,  apply  to 
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JOHN  VAN  VORST  BOORAEM 

One  of  Gbbateb  New  York's  Most  Successful  Engineers 


Success  is  not  often  won  through  one  steady 
upward  climb.  Few  men  reach  the  final  goal 
of  financial  security  without  reverses  that 
would  take  the  heart  out  of  many.  ' '  Life,' '  says 
Robert  Louis  Stevenson,  the  fSamous  author, 
'*  is  not  intelided  to  minister  to  man's  vanity." 
Every  man  who  is  struggling  upward,  must 
expect  to  be  thrown  down,  perhaps  many  times 
in  his  life.  We  strive,  and  failure  comes  A 
fresh  start  must  be  made.  But  strength  is 
gained  by  the  striving,  which  fortifies  us  against 
many  another  threatened 
fall,  of  whose  possibility  we 
may  not  even  be  aware. 

Mr.  John  Van  Vorst 
Booraem,  now  one  of 
Greater  New  York's  most 
successful  engineers,  was 
bom  at  Jersey  City  some- 
thing over  sixty  years  ago, 
in  a  well-known  Butch 
homestead  situated  on 
what  were  at  that  time  the 
immediate  banks  of  the 
Hudson,  just  opposite  the 
city  of  New  York.  His 
education  was  begun  in  a 
school  at  Sing  Sing,  N.  Y., 
and  completed  at  the  Poly- 
technic Institute  at  Garls- 
ruhe,  Baden,  Germany. 
While  alone  for  so  many 
years  abroad,  he  had  util- 
ized his  vacations  to  visit 
different  countries,  had  also 
made  many  walking  trips  with  his  fellow  stu- 
dents, traversing  thus  Holstein,  Switzerland, 
Italy,  Tyrol,  the  Black  Forest,  and  other 
regions;  and  visited  and  studied  many  manu- 
facturing plants. 

The  serious  work  of  his  career  was  to  be 
done,  and  entering  a  machine  shop,  when 
nearly  twenty-two  years  old,  he  donned  the 
overalls  as  a  helper,  with  wages  at  a  dollar  a 
day.  The  shop  was  in  Brooklyn,  and  it  was 
necessary  to  cross  the  Hudson,  traverse  New 
York  City,  and  cross  the  East  River  before 
seven  o'clock  in  the  morning;   then  to  return 
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over  the  same  route  at  the  end  of  the  day's 
work,  to  reach  his  home  which  was  still  in 
Jersey  City.  This  made  long  days  and  cold 
work  in  winter,  but  he  persevered  and  at  the 
end  of  a  year  was  promoted  to  the  drawing 
department,  thus  shortening  the  service  one 
hour.  In  a  couple  of  years  he  was  head  drafts- 
man, and  was  intrusted  with  the  control  of  the 
work  in  several  departments.  The  works  also 
were  being  extended,  large  tools  placed  in 
machine  and  boiler  shops,  a  large  foige  and 
foundry  built,  and  a  cop- 
persmith shop  and  braes 
foundry  added,  in  all  of 
which  he  carried  his  share 
of  the  work  and  gained 
invaluable  experience. 
Large  government  con- 
tracts were  taken  by  the 
establishment,  to  build 
machinery  for  the  new  ves- 
sels of  the  navy.  Machin- 
ery for  double-enders,  gon- 
boats,  and  sloops  of  war 
were  built  and  erected;  he 
was  required  to  look  after 
the  work,  till  the  final  test 
of  acceptance  was  made. 

Everything  had  been 
rushed  during  the  war;  but 
unfortunately  changes  in 
the  condition  of  affairs,  and 
a  business  depression,  fol- 
lowed. The  great  amounts 
of  money  spent  by  the  gov- 
ernment on  the  war  caused  expenses  and  drains 
on  business  everywhere.  Prices  were  enormous, 
money  cheap,  and  the  tariff  made  building  too 
expensive  and  profits  doubtful.  Ship  building 
ceased  to  be  carried  on  in  this  country,  and 
naturally  no  driving  machinery  was  required. 
Few  masts  and  sails  were  to  be  seen  at  the  great 
docks  of  New  York,  nor  have  they  ever  come 
back  so  plentifully  as  they  were  in  the  early 
days. 

In  those  times  there  was  no  work  for  marine 
engineers;  they  took  what  they  could  get,  and 
were  often  seen  peddling  on  the  streets.    All 
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the  old  shope  were  weakened  and  lost  large 
amonnts  of  money  daring  the  war,  owing  to 
the  fidlore  of  the  government  to  keep  its  unit 
of  yalae  constant.  When  the  government  con- 
tracts were  made,  copper,  for  instance,  was 
selling  for  eleven  cents  a  ponnd,  but  the  value 
of  money  became  so  reduced  that  before  the 
same  contracts  were  finished,  sixty-four  cents 
were  paid  for  the  same  article.  Owing  to  such 
losses  of  money  and  to  the  dull  times,  mtoy 
shops  closed.  Mr.  Booraem  found  it  necessary 
to  abandon  marine  engineering  and  turn  his 
attention  to  other  branches.  He  was  fortunate 
enough  at  this  slack  time  to  get  a  chance  to 
begin  over  again  as  draftsman. 

A  new  sugar  refinery  was  to  be  built.  Under 
the  supervision  of  the  president  of  the  company 
he  prepared  the  plans  and  specifications  for 
buildings  and  machinery,  and  erected  the 
plant,  this  occupying  a  year.  He  was  made 
superintendent  of  the  refinery,  and  continued 
these  duties  until  a  second  plant  was  to  be 
built  and  a  third  acquired.  After  building  and 
connecting  these,  he  accepted  control  of  their 
united  mechanical  departments,  together  with 
the  responsibility  of  all  designing  and  building. 

This  condition  continued  until  early  in  the 
eighties,  when  some  few  of  the  stockholders, 
having  built,  near  by,  the  largest  refinery  in  the 
world,  found  trouble  in  getting  it  started.  The 
main  and  controlling  difficulty  lay  with  the 
centrifugals.  Owing  to  ignorance  of  the  theory 
of  this  apparatus,  they  had  been  improperly 
mounted,  and  being  of  large  size,  neither  manu- 
flEUSturer  nor  owner  could  run  them  without 
disabling  them  or  damaging  the  building. 
Several  of  them  had  been  badly  bent,  and  as  a 
result  the  whole  plant,  costing  several  millions, 
was  at  a  standstill,  while  all  were  ignorant  of 
the  cause  of  the  trouble.  Finally  Mr.  Booraem, 
in  charge  of  the  neighboring  plant,  was  con- 
salted,  and  after  an  inspection  agreed  to  have 
some  of  the  machines  ready  for  operation  upon 
an  early  day.  The  trial  was  successful,  and  the 
refinery  started.  Mr.  Booraem  completed  this 
refinery  and  accepted  the  charge  of  its  mechan- 
ical department.  This  was  no  light  task,  as 
neither  concern  hesitated  to  spend  large  sums 
yearly  in  experiments,  all  designing  and  build- 
ing falling  to  his  share.  Owing  to  the  enormous 
size  of  this  latter  plant,  and  the  generous 
policy  of  the  owners  in  making  improvements, 
it  long  stood  as  the  model  establishment  of  the 


world.  Some  idea  of  its  size  may  be  obtained 
from  its  daily  consumption  of  fuel,  which  was 
six  hundred  tons. 

After  the  formation  of  the  American  Sugar 
Refining  Company,  Mr.  Booraem  was  asked 
to  become  the  consulting  engineer  of  the  manu- 
facturing committee.  He  held  this  position  for 
nearly  ten  years,  and  met  weekly  with  them 
until  he  resigned,  two  years  ago.  He  is  a 
prominent  member  of  the  American  Society 
of  Mechanical  Engineers  and  of  the  American 
Chemical  Society. 

The  following  words  of  advice  to  men  in 
the  engineering  trades  and  professions,  com- 
ing from  so  prominent  and  experienced  an 
engineer  as  Mr.  Booraem,  should  have  gn^eat 
weight:  ''Under  the  plea  that  'forewarned  is 
forearmed,'  I  would  like  to  state  a  practical 
point  or  two,  indicating  where  I  have  seen  so 
many  failures.  I  have  no  hesitation  in  saying 
that  the  greater  number  of  failures  among  men, 
other  things  being  equal,  comes  from  the  drink- 
ing habit.  The  social  glass  acquired  in  youth 
is  the  entering  wedge  by  which  Time  drives  the 
habit  home  with  irreeistible  force.  Many  and 
many  a  time,  when  the  employer  wants  help, 
he  canvasses  his  men  for  preferment.  The 
question  is,  'How  will  Mr.  Blank  do?  He 
seems  bright  and  intelligent,  and  has  the  neces- 
sary education.'  The  answer  is,  'O,  but  he 
drinks.'  Now  the  man  never  knows  that  his 
opportunity  has  come  and  gone. 

"A  second  point  that  men  should  take  home 
to  themselves  is  that  an  employer  naturally 
chooses  his  aids  from  those  who  render  him  the 
greatest  service,  as  they  would  do  in  his  place. 

"  The  man  who  works  for  his  employer  as  he 
would  work  for  himself  in  this  advancing  market, 
is  sure  of  final  success,  providing  he  is  honest. 
During  working  hours  he  must  give  his  whole 
thought  to  the  work  before  him.  His  own  con- 
science will  tell  him  if  he  is  worthy  of  success. 

''Then  there  is  the  bright  smart  fellow  who 
is  after  a  commission  on  goods  handled  for  his 
employer.  I  imi^ine  the  second  greater  number 
of  failures  in  life  arises  from  this  error.  This 
man  is  not  honestly  seeking  his  employer's  inter- 
est, and  nothing  can  prevent  his  ultimate  fEiilure. 

"To  put  it  all  in  a  nutshell,  those  who  are 
willing  to  do  for  their  employer  only  as  others 
do,  cannot  expect  success;  for  those  that  do  all 
that  they  are  able  will  be  selected  for  advance- 
ment   It  is  the  survival  of  the  fittest." 
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SUMMER  STUDY 

Do  Not  Givb  Up  Studying  Bbcause  the  Weather  Is  Warm 


Do  not  pat  off  Belf-improvement  until  tomor- 
row, next  week,  or  cooler  weather.  The  habit 
of  putting  off  things  belongs  to  tropical  lands. 
The  motto  of  the  tropics  is  "Manana" — 
tomorrow.  We  will  do  it  tomorrow;  today  let 
us  eat  and  sleep.  ^'Manana,  Manana,"  is 
heard  at  all  suggestions  inyolving  the  least 
exertion.  It  is  too  hot  today,  too  much  sun- 
shine, too  pleasant  in  the  shiMle.  "  Manana," 
they  say,  "  why  should  we  do  things,  when  to 
rest  and  not  to  do  is  so  much  pleasanter? 
There  is  the  endless  succession  of  tomorrows; 
tomorrows  have  come  to  us  since  eternity,  and 
surely  they  will  continue  to  come;  let  us  rest  in 
the  ^de  and  wait  for  the  next  tomorrow ! " 

Living  in  progressiye  America,  do  you  want  to 
belong  to  the  land  where  nothing  is  ever  done? 
To  be  classed  with  the  nations  and  individuals 
whose  progress  is  backward,  not  to  the  front? 
That  is  exactly  your  class,  and  the  name  of 
your  country  is  ''Manana,"  if  you  postpone, 
this  summer,  the  opportunity  to  lift  yourself 
a  round  higher  up  the  ladder  of  success. 

In  the  history  of  human  endeavor  and 
achievement,  you  will  find  no  names  of  men 
who  gave  up  before  such  trifling  obstacles 
as  a  little  summer  heat  "  Look  at  the  great 
workers  in  the  world,"  says  James  Freeman 
Clarke,  "  and  see  how  they  fought  their  way  to 
triumph  against  all  sorts  of  opposing  obstacles. 
Milton  wrote  'Paradise  Lost'  in  blindness  and 
poverty.  Hugh  Miller,  who  became  one  of 
the  first  geological  writers  of  the  century,  was 
apprenticed  to  a  stonemason,  and  while  working 
in  the  quarry  already  began  to  study  the  stratum 
of  red  sandstone  lying  below  one  of  red  day. 
While  other  men  complain  of  circumstances, 
the  man  who  has  an  idea  and  a  purpose  com- 
pels these  untoward  circumstances  to  serve  him. 
James  Watt,  the  inventor  of  the  steam  engine, 
was  a  poor  sickly  child,  not  strong  enough  to 
go  to  school.  John  Calvin,  who  gave  a  the- 
ology to  the  seventeenth  and  eighteenth  cen- 
turies, was  tortured  with  disease  all  his  life. 
So  was  Robert  Hall,  the  greatest  preacher  of 
his  time.  In  what  cradle  of  easy  circumstances 
were  Pascal  and  Shakespeare,  George  Fox,  the 
Quaker,  Spinoza,  the  famous  Dutch  philosopher, 


and  Charlotte  Bronte,  the  novelist,  rocked  into 
success?  They  were  pillowed  on  hardship, 
taught  by  poverty,  made  strong  by  neglect, 
made  pure  by  loneliness.  When  were  droom- 
stances  ever  favorable  to  any  great  or  good 
attempt,  except  as  they  were  compelled  by 
a  determined  purpoee  to  become  fiavorable?" 

No  student  who  earnestly  desires  better 
things  will  let  anything  but  serious  illness 
interrupt  his  studies.  Study  in  the  hot  months 
is  neither  fatiguing  nor  injurious  to  the  health. 
It  is  a  positive  pleasure  to  the  student  who 
considers  the  prospect  of  future  advancement 
Every  minute  devoted  to  study  brings  him  just 
that  much  nearer  to  the  advancement  which 
he  seeks. 

By  hundreds  of  examples  it  is  imperative 
upon  us  to  make  every  moment  tell  for  our 
advancement.  If  a  genius  like  Gladstone  always 
carried  a  book  in  his  pocket,  lest  a  predona 
spare  moment  escape,  what  should  we  of  com- 
mon abilities  not  resort  to,  to  save  of  our  time 
the  odds  and  ends,  to  say  nothing  of  periods 
of  months?  Roger  Sherman,  the  famous  judge 
and  statesman  of  New  Haven,  had  no  educa- 
tional advantages  whatever,  yet  was  so  eager 
in  the  pursuit  of  knowledge  that  when  appren- 
ticed to  a  shoemaker  he  often  had  a  book  open 
before  him  while  at  work.  Charles  G.  Frost, 
afterwards  the  famous  naturalist,  when  apprai- 
ticed  to  the  same  trade,  laid  the  foundation  fbr 
his  future  fame  on  his  resolution,  strictly  carried 
out,  to  read  and  study  one  hour  each  day. 
While  other  students  were  idling  and  chatting 
their  time  away,  Joeeph  Cook,  later  the  great 
preacher  of  London,  would  take  up  a  dictionary 
or  some  other  book,  even  if  he  had  only  a 
minute,  and  learn  something  of  use. 

"Avoid  idleness,"  says  Jeremy  Taylor,  "and 
fill  up  all  the  spaces  of  your  time.''  Continnoos 
effort  conquers  all  things.  Thehaidworkerain 
responsible  positions  never  clamor  for  the  short- 
ening of  their  hours,  never  depend  upon  their 
wits  to  make  their  way  in  the  world,  nor  col- 
lapse because  of  a  temperature  of  eighty  degrees 
or  more.  They  succeed,  because,  like  Walter 
Raleigh,  they  "can  toil  terribly."  They  be- 
lieve, with  William  Von  Humbolt,  that  "  work 
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ifl  a»  much  of  a  neoeasity  to  a  man  aa  eating  and 
drinking. ' '  They  follow  the  example  of  Webster, 
who  said,  "I  have  worked  on  an  average  for 
more  than  twelve  hours  a  day  for  fifty  years." 
They  accept  the  testimony  of  Walter  Scott, 
"  There  is  nothing  worth  having  that  can  be 
had  without  work." 

No  man  exists,  even  if  sick,  and  crippled,  on 
his  bed,  that  cannot  fill  a  place  of  some  kind  in 
the  world,  if  he  will  but  make  the  determined 
effort  to  surmount  all  obstacles  and  make  full 
use  of  his  time.  Lives  have  blossomed  into  the 
greatest  possibilities  for  themselves  and  for  man- 
kind, that  have  grown  up  through  difficulties, 
andin  darknessto  which 
it  seemed  as  if  no  light 
of  education  could  have 
penetrated. 

He  who  resolves  upon 
any  great  end,  by  that 
very  resolution  has 
scaled  the  barriers  to  it 
He  who  seizes  the  grand 
idea  of  self-cultivation, 
and  solemnly  resolves 
upon  it,  will  find  that 
idea,  that  resolution, 
burning  like  fire  within 
him,  and  ever  putting 
him  upon  his  own  im- 
provement. Let  him 
hold  it  ever  before  his 
face.  Let  it  be  his  guid- 
ing star  day  and  night, 
winter  and  summer,  and 
he  will  find  it  removing 
difficulties,  searching 
out  or  making  means,  giving  courage  for  des- 
pondency, and  strength  for  weakness. 


An  I.  C.  8.  Student's  Invention 


CARE  IN  WRITING 


Written  differs  from  spoken  discourse  in 
three  respects.  (1 )  It  must  be  more  exact  than 
speech.  A  written  word  must  express  neither 
more  nor  less  than  the  thought  intended.  (2) 
Written  statements  must  often  be  guarded  and 
qualified  to  be  kept  safely  within  the  bounds  of 
truth.  (3)  The  writer  should  say  only  what 
he  knows  to  be  the  exact  truth,  for  he  may, 
perchance,  in  the  case  of  his  Btatements  being 
challenged,  have  opportunity  of  neither  oral 
explanation  nor  correction. 


raOH  TENSION  ELECTRICAL  SWITCH 

We  illustrate  herewith  a  very  simple  and 
effective  high-tension  switch  invented  by  Mr. 
Frank  F.  Whorfi;  a  student  in  the  School  of 
Electricity,  and  superintendent  of  the  Power 
Development  Co.,  at  Bakersfield,  Gal.  High- 
tension  switches  are  necessary  in  connection 
with  the  long-distance  electric-transmission 
plants  now  being  installed  in  so  many  places, 
and  this  switch  is  one  which  is  very  easily 
made  and  at  the  same  time  very  effective. 
Between  the  clips  of  the  switch  is  a  copper 
fuse  28  inches  in  length,  mounted  in  a  tube  so 
that  the  switch  also 
serves  as  a  high-tension 
fuse  holder.  The  con- 
struction and  action  of 
the  switch  will  be  ap- 
parent from  the  figures, 
one  of  which  shows  the 
switch  as  it  is  mounted 
outside,  and  the  other 
shows  the  switch  open. 
All  parts  are  mounted 
on  high-tension  glass 
insulators  so  that  a  de- 
gree of  insulation  fully 
equal  to  that  of  the  line 
is  secured.  We  are 
always  pleased  to  re- 
ceive  descriptions  of 
such  electrical  devices 
invented  by  our  stu- 
dents, and  believe  the 
above  will  be  of  interest 
to  all  who  have  any- 
thing to  do  with  high-tension  transmission 
work.  Students  who  have  made  inventions  of 
any  kind  whatever  are  cordially  invited  to  send 
photographs  and  description  to  the  I.  C.  S. 
Department  Editor  of  Science  and  Industry. 

The  greatest  philosopher  of  time,  ancient  or 
modern.  Lord  Francis  Bacon,  who  had  perhaps 
as  much  experience  in  the  management  of  men 
as  any  one  ever  had,  says  this  about  it,  ''If  you 
will  work  on  any  man,  you  must  either  know 
his  nature  or  fashions,  and  so  lead  him;  or  his 
ends,  and  so  persuade  him;  or  his  weaknesses 
and  disadvantages,  and  so  awe  him;  or  those 
that  have  interested  him,  and  so  govern 
hirn.^' 
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QUALITIES  ESSENTIAL  FOR  LEADERSHIP 


I.— Strong  Will-Power 


So  laige  a  proportion  of  the  readen  of  Scikncb 
Ain>  Indubtry  are  preparing  themaelYes  through 
technical  edacation  for  opportonities  as  fore- 
men and  superintendents,  and  for  other  posi- 
tions in  which  they  will  have  to  nuuiage  men, 
that  we  are  beginning  a  series  of  short  articles 
on  the  qualities  essential  to  successful  leadership. 
Not  all  understand  dearlj  what  qualities  they 
ought  to  possess.  Nothing  is  so  helpful  to  one 
who  desires  to  accomplish  something  as  to  know 
the  precise  conditions  of  his  task.  We  take  pleas- 
ure, therefore,  in  presenting  the  first  of  a  series 
that  will  continue  for  some  months  to  come. 

Of  prime  importance  in  the  achievement  of 
success  is  education.  But  it  is  of  equal  impor- 
tance for  the  ambitious  man  to  cultivate  certain 
necessary  traits  of  character.  Many,  also, 
should  restrain  themselves  in  some  respects, 
for  too  strong  characteristics  may  be  as  detri- 
mental as  too  weak. 

Energy  of  will — self-originating  force — is  the 
soul  of  every  great  character.  Where  it  is  there 
is  life;  where  it  is  not  there  is  faintness,  help- 
lessness, and  despondency.  "  The  strong  man 
and  the  waterfall,"  says  the  proverb,  ''channel 
their  own  path. ' '  The  great  and  the  good  draw 
others  after  them;  they  lighten  and  lift  up  all 
who  are  within  reach  of  their  influence.  Man- 
hood overtops  all  titles,  character  all  riches. 
"  Oharacter  is  success,''  because  it  is  the  founda- 
tion of  success.  There  may  be  little  culture, 
slender  abilities,  no  property,  no  social  position; 
yet  if  there  be  sterling  excellence,  its  owner 
will  command  influence  and  secure  respect. 

The  corner  stone  of  character  is  strong  will- 
power. No  one  ever  won  success  without  great 
will-power  to  "eternally  hold  him  to  it,''  in 
the  £eu«  of  opposing  difficulties.  Even  great 
abilities  without  it  are  of  little  use,  for  they  are 
not  forced  to  leave  their  mark.  A  person  of 
only  medium  talents,  but  of  great  strength  of 
will,  can,  by  keeping  always  at  the  one  thing, 
win  a  great  success.  There  never  was  a  man 
distinguished  for  anything  whatever  without 
it.  Will-power  is  absolutely  indispensable  to 
either  greatness  or  goodness.  Success  in  life 
depends  on  it  more  than  on  any  other  one 
quality. 


To  become  a  captain  of  industry,  even  in  the 
humblest  position  of  leadership,  a  man  most 
possess  a  strong  will.  He  must  be  able  to  bring 
all  his  forces  to  bear,  that  each  may  have  its 
efiect  Otherwise  he  will  not  leave  his  impress 
on  those  with  whom  he  deals,  both  above  and 
below.  Without  force  of  character  he  cannot 
retain  the  respect  of  his  subordinates,  nor  give 
them  the  energizing  inspiration  that  will  caose 
them  to  apply  their  utmost  abilities  to  their 
work.  ''A  successful  business  organizati<Hi/' 
says  Andrew  Carnegie,  ''should  be  like  a  band 
of  brothers  " ;  and  this  cannot  be  attained  with- 
out the  affiliation  that  is  bom  of  respect  for 
strong  character. 

A  man  not  possessed  of  will-power  lacks  per- 
severance; the  poorhouse  is  full  of  people 
who  could  not  stick  to  one  pnrpoee.  He  is 
irresolute  and  fickle.  He  continually  puts  things 
ofi*;  he  cannot  realize  with  Dr.  Henry  Sabin, 
that  "Yesterday  is  dead,  tomorrow  is  unborn, 
today  is  the  crisis  of  life."  He  drifts  with  the 
current,  and  may  be  easily  persuaded,  oftoi 
against  his  best  judgment  In  extreme  caaes 
he  is  fitful  and  impulsive,  like  a  feather  driTen 
here  and  there  by  eve:  y  changing  breeze.  He 
becomes  a  perfect  creature  of  circumstanoee, 
unable  to  accomplish  anything  calling  for  the 
least  perseverance. 

No  man  need  even  expect  to  succeed,  who, 
when  circumstances  demand,  cannot  stand  like 
a  granite  wall  against  opposition  of  all  kinds. 
Men  in  positions  of  authority  often  meet 
the  most  intense  opposition  to  even  very 
necessary  moves — opposition  which,  if  not  over- 
thrown, or  worn  out  by  steadfisbst  persistency, 
will  produce  certain  ruin.  A  splendid  example 
of  strong  will-power,  wisely  directed,  is  seen 
in  Abraham  Lincoln;  slow  to  decide,  when 
decision  was  reached  he  was  firm  as  a  rock; 
careful  to  count  the  cost,  to  weigh  beforehand 
difficulties  and  opposition,  all  hesitation  dis- 
appeared at  the  right  moment,  and  he  stood 
forth,  the  man  of  action. 

One  thing  that  will  weaken  the  fbroe  of  the 
will  is  too  much  deliberation.  Some  men  are 
unable  to  decide  becanse  they  see  too  many 
considerations,  for  and  against.    The  man  who 
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I  but  one— the  most  important  one— quickly 
makes  np  his  mind  and  goes  ahead.  Mr.  P.  T. 
Bamom  used  to  illustrate  this  in  one  of  his 
favorite  stories,  about  two  generals  equally 
gifted  and  educated,  but  differing  in  the  pos- 
session and  lack  of  decision  of  character. 

One  hears  the  cry,  '*The  enemy  are  coming, 
and  they  have  got  cannon." 

''Grot  cannon?"  says  the  hesitating  general, 
who  has  not  folly  considered  exactly  what  he 
would  do  under  precisely  these  circumstances. 

"Yes." 

"  Then  halt,  every  man." 

He  wants  time  to  reflect.  His  hesitation  is 
his  rain;  the  enemy  overwhelms  him  with 
a  rush. 

On  the  other  hand,  the  general  of  decision, 
perseverance,  and  self-reliance,  engages  battle 
on  the  moment  with  whatever  facilities  are  at 
hand;  and  amid  the  clash  of  arms,  the  booming 
of  cannon,  the  shrieks  of  the  wounded  and  the 
moans  of  the  dying,  you  wOl  see  this  man  per- 
severing, going  on,  cutting  and  slashing  his 
way  with  unwavering  determination,  and  in- 
Bpiring  his  subordinates  to  deeds  of  fortitude, 
valor,  and  triumph. 

A  man  of  strong  will-power  holds  on  hard 
and  long.  He  carries  out  what  he  begins.  He 
begins  wisely,  because  he  will  begin  nothing 
that  he  cannot  complete.  Only  the  most  potent 
reasons  turn  him  from  bis  path.  Through  all 
difficulties  he  drives  determinedly  straight 
ahead.  He  is  prompt  to  decide,  and  holds  on 
tenaciously  through  good  report  and  evil. 
Overcoming  all  obstacles,  shrinking  from  no 
difficulties,  relying  on  his  own  judgment,  and 
yielding  to  no  persuasion,  he  presses  on  with 
eyes  set  ever  on  the  mark. 

The  will-power  of  George  Washington  often 
snatched  victory  from  defeat,  and  endowed 
his  officers  and  men  with  added  powers.  It  is 
related  that  Governor — then  Colonel — Brooks 
received  an  order  from  Washington  to  go  some- 
where, when  lying  helpless  from  rheumatism. 
He  replied  that  he  was  unable  to  go.  Back 
came  the  answer,  "Sir,  you  must  go."  What 
Washington  ordered  must  be  accomplished! 
The  ascendency  of  that  strong  will  enabled 
him  to  mount  his  horse  and  go  and  do  the 
required  work. 

Success  in  a  position  of  leadership  comes 
only  to  him  who  can  make  his  ^ill-power  felt 
by,  and  through,  even  his  lowest  subordinates. 


Whether  it  be  in  control  of  ten  men  or  ten 
thousand,  one  determined  master  mind  should, 
like  the  nerve  energy  of  the  body,  supply  elec- 
tric energy  and  determination  to  every  person 
that  has  submitted  to  its  control. 

Perhaps  some  reader  wUl  imagine  that  he  is 
not  possessed  of  the  kind  of  will-power  required 
for  success.  Eroery  one  Mb  it — ^he  himself  has 
it,  if  he  will  let  it  out  Let  any  faint  heart 
turn  to  the  words  of  President  Jordan,  quoted 
on  page  Y II  of  our  last  issue,  and  see  the  out- 
come of  such  weak-mindedness.  He  should 
cultivate  courage,  and  other  things  will  follow. 

It  is  fortunate  that  no  man  need  continue  to 
suffer  from  deficient  will-power,  who  will  make 
an  effort  to  strengthen  what  he  has.  "To 
cultivate  the  will,"  says  0.  S.  Fowler,  whose 
wise  advice  has  brought  success  to  thousands, 
"  have  more  of  a  will  of  your  own;  make  up 
your  mind  wisely,  and  then  stand  to  your  pur- 
pose; be  sure  you  are  right  and  then  hold 
on;  surmount  difficulties,  instead  of  turning 
aside  to  avoid  them;  resist  the  persuasion  of 
others;  begin  nothing  not  worthy  of  finishing, 
and  finish  all  you  begin;  consider  the  rewards 
of  perseverance;  give  up  nothing  till  it  is  com- 
pleted; let  no  obstacles  turn  you  from  your 
purposed  course;  never  allow  yourself  to  be 
persuaded  contrary  to  your  better  judgment; 
steadfastly  resist  temptation,  and  remember  that 
those  who  hold  out  to  the  end  alone  are 
crowned;  especially  never  yield  in  the  least 
where  right  vr  concerned." 

Permanent  advancement  comes  only  to  those 
whose  character  and  actions  demonstrate  that 
they  steadfastly  purpose  to  qualify  themselves 
for  serious  responsibilities.  He  who  will  not  im- 
prove himself  should  not  expect  to  be  intrusted 
with  the  improvement  of  his  employer's  valu- 
able property  or  business.  At  the  foundation 
of  all  improvement  lies  a  strong  will;  and  it 
is  incumbent  on  aspirants  for  advancement  in 
responsibility  to  strengthen  and  train  that 
without  which  success  is  at  best  but  transitory 
— strong  will-power— /orce  of  character. 


Misfortune  is  not  always  to  be  dreaded, 
especially  if  we  have  endeavored  to  live  a  life 
*  *  free  from  blame. "  "  The  diamond  of  charac- 
ter," says  Durivage,  "is  revealed  by  the  con- 
cussion of  misfortune,  as  the  splendor  of  the 
precious  jewel  of  the  mine  is  developed  by  the 
blows  of  the  lapidary." 
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SUCCESS  ACHIEVED  AT  TWENTY-THREE 


Hon.  Burt  D.  Cady,  the  Youngest  Judob  in  the  United  States 


"There  is  one  principle  to  which  every  boy 
must  attribute  his  success  in  life,  and  that  is 
perseverance/'  writes  Judge  Cady,  the  most 
unique  figure  in  Michigan  politics — ^a  police 
justice  when  but  twenty-three  years  old.  Burt 
D.  Cady  was  admitted  to  the  bar  on  his  twenty- 
first  birthday,  and  at  the  very  next  general 
election  was  nominated  and  elected  police  justice 
in  Port  Huron,  Mich.,  a  city  with  a  population 
of  20,000.  His  majority 
was  over  800,  and  he  led 
his  entire  party  ticket. 
Honors  continued  to  fall 
upon  him,  for  a  few 
months  later  he  was 
elected  Circuit-Court 
Conmdssioner  of  St  Clair 
County,  by  a  majority  of 
over  2,000,  again  leading 
the  entire  party  ticket 
Still  more  recently  he  was 
elected  secretary  of  the 
Republican  State  League, 
the  most  important  factor 
in  the  Republican  politics 
of  the  Wolverine  State. 

The  extraordinary 
series  of  triumphs 
achieved  by  Judge  Cady 
demonstrates  that  success 
at  the   call  of  every 


IS 


young  man  possessed  of 
energy  and  concentration  of  purpose.  The  Judge 
began  his  battle  with  the  world  at  the  early  age 
of  nine.  At  that  time  he  carried  papers,  and 
since  then  has  easily  provided  for  his  own 
wants.  Among  his  customers  were  some  of  the 
prominent  lawyers  of  the  city,  who  now  plead 
before  his  bar.  At  ten,  Burt  became  ambitious 
to  become  a  lawyer  too,  and  as  soon  as  be  had 
fixed  his  eye  upon  this  goal  he  allowed  nothing 
to  divert  his  gaze  from  its  attainment.  Entering 
a  law  office  at  eighteen,  he  studied  while  other 
boys  played;  and  on  the  very  day  he  was  twenty- 
one,  successfully  passed  the  examination  which 
enabled  him  to  write  ** Attorney  at  Law,"  after 
his  name. 


Newsboy  to  Judgi;  in  Five  Yeabs 


"My  boyhood  days,"  writes  Judge  Cady  to 
the  readera  of  Science  and  Industby,  "were 
spent  in  selling  papers,  commencing  when  nine 
years  of  age  and  continuing  until  I  was  eighteen, 
at  the  same  time  attending  the  public  schools  of 
this  city.  During  the  eighteenth  year  of  my 
life,  and  while  in  the  third  year  of  the  high 
school,  I  left  school  and  gave  up  the  paper 
busineas,  to  study  law.  I  remained  in  a  Uw 
office  until  my  twenty- 
first  birthday,  when  I  was 
admitted  to  the  bar." 

' '  Without  peraeverance 
under  difficoltiee,  I  could 
never  have  got  even 
where  I  am.  I  found  it 
necessary  to  pass  my  first 
year  in  a  law  office,  doing 
the  work  of  errand  boy, 
janitor,  and  clerical  help, 
finding  what  little  time  I 
could  for  study — all  with- 
out any  compensation 
whatever.  Notwith- 
standing this,  I  did  not 
call  on  any  one  for  finan- 
cial assistance.  I  lived 
that  year  in  the  interest 
of  my  studies,  and  ga^e 
up  all  pleasures,  except 
the  study  of  botany,  for 
which  I  had  a  strong  lik- 
ing while  attending  school,  and  which  I  con- 
tinued for  several  yean  after  leaving  the  school- 
room. The  second  year  I  received  one  dollar, 
and  the  third  year  three.  The  young  man  who 
can  live,  even  at  home,  within  these  means  is 
not  entitled  to  any  particular  credit,  but  he 
must  have  the  element  of  perseverance  in  his 
make-up." 

^ '  I  consider  education, ' '  continues  Judge  Cady, 
^ '  the  foundation  of  success.  Circumstances  may 
not  be  such  as  to  permit  all  young  men  to  pro- 
ceed as  far  in  their  studies  as  they  desire,  as 
was  true  in  my  case,  but  they  can  make  up  for 
it  afterwards.  My  parents  were  of  very  limited 
means,  with  a  large  family,  and  we  had  to  make 
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all  the  personal  sacrifice  of  pleasure,  recreation, 
and  society,  that  a  young  man  of  eighteen 
would  care  to." 

''  There  is  one  drawback  to  the  pnblic  educa- 
tional methods:  that  in  his  years  at  school  a 
young  man  is  not  expected  to  confine  himself 
to  his  studies  or  the  business  which  he  may 
have  outside  of  school,  but  also  to  become  a 
more  or  less  important  factor  in  social  circles. 
It  is  apt  to  cause  him  to  place  himself  in  a 
position  where  his  parents  have  to  contribute  to 
his  existence  during  his  attendance  at  school; 
and  when  he  is  through — if  he  does  not 
come  of  a  well-to-do  fkmily— he  has  still  to  be 
financially  assisted,  or  else  at  once  receive  work 
for  a  moneyed  consideration.  In  the  average 
young  man  this  destroys  the  desire  for  a  higher 
education.  His  position  in  society  becomes 
paramount  to  education  and  his  ftiture.  Many 
young  men  that  I  know  of,  are,  for  this  very 
reason,  now,  at  the  age  of  twenty-five  or  six, 
working  for  eight,  nine,  or  ten  dollars  a  week, 
who  should  be  entering  upon  the  road  to  some 
profession,  or  holding  a  position  of  responsi- 
bility in  a  commerciAl  enterprise." 

'*  Every  young  man  must  become  subject  to 
habits,  good  or  bad,  and  during  his  life  will 
have  the  temptations  of  almost  every  bad  habit 
thrust  in  his  path.  It  is  a  good  thing  for  him 
to  encounter  these  temptations  at  an  early  age 
rather  than  after  twenty-five.  It  is  better  that 
he  have  them  while  young  and  as  he  grows 
older  have  their  folly  demonstrated  to  him, 
rather  than  to  wait  tlU  he  has  reached  such  an 
age  that  a  bad  habit  is  bound  to  destroy  all  the 
happiness  and  welfkre  both  of  himself  and 
others.  Habits  are  governed  largely  by  will- 
power, and  if  a  person  decides  that  his  will  is 
not  strong  enough  to  stand  against  temptations, 
he  should  seek  to  avoid  them.  The  best  way  to 
do  this  is  to  avoid  bad  associates,  a  thing  that 
sometimes  has  to  be  done  at  a  personal  sacrifice." 

Judge  Gady  is  very  fond  of  good  reading,  and 
for  young  men  recommends  especially  the  read- 
ing of  the  modem  novel,  of  the  better  kind. 

The  people  of  Port  Huron  are  exceedingly 
proud  of  Judge  Gady,  and  regard  him  as  a 
genius  and  a  man  of  destiny.  No  public  gather- 
ing of  any  kind  is  complete  without  him,  and 
his  speeches  give  such  evidence  of  wit  and 
Immor,  as  well  as  of  argumentative  power,  as  to 
attract  attention  all  over  the  state. 

As  a  Judge  he  has  achieved  distinction  by 


fair  and  impartial  rulings,  and  by  the  wise  appli- 
cation of  mercy  in  unfortunate  cases  brought 
before  him.  It  is  no  secret  that  his  party 
intend  to  send  him  to  Gongress  as  soon  as  he  is 
old  enough.  In  Washington  he  will  be  one  of 
the  quaintest  and  brightest  figures. 

With  such  an  example  of  success  before  their 
eyes,  young  men,  whatever  their  occupations  or 
aims  in  life,  may  well  take  courage  and  strive 
for  the  attainment  of  some  goal  as  honorable  as 
that  which  the  honor  and  firmness  of  purpose 
displayed  by  Judge  Gady,  at  so  early  an  age, 
have  enabled  him  to  reach. 


AIM  HIGH  IN  EDUCATION 

' '  This  is  a  practical  age,  and  we  look  askance  at 
dreams  and  ideals,"  says  President  David  Starr 
Jordan.  "  We  ask  now:  '  What  is  the  value  of 
education  7  What  is  the  value  of  Ghristianity  ? 
What  is  the  value  of  love,  of  Ood,  of  morality,  of 
truth,  of  beauty?  '—as  though  all  these  things 
were  for  sale  in  our  city  markets,  somewhat 
shop-worn  and  going  at  a  sacrifice." 

"My  son,"  says  Victor  Gherbuiiez,  "my 
son,  we  ought  to  lay  up  a  stock  of  absurd 
enthusiasms,  or  else  we  shall  reach  the  end  of 
our  journey  with  an  empty  heart;  for  we  lose 
a  great  many  of  them  by  the  way." 

It  is  the  noblest  mission  of  education  to  fill 
the  mind  with  these  enthusiasms,  with  noble 
ideas  of  manhood,  of  work,  of  life.  It  should 
teach  one  to  feel  that  life  is  indeed  worth  liv- 
ing; and  no  one  who  leads  a  worthy  life  has 
ever  for  a  moment,  doubted  this.  It  should 
help  one  to  shape  his  own  ambitions  as  to  how 
a  life  may  be  made  worthy.  It  should  help 
one  to  believe  that  love,  and  friendship,  and 
fidth,  and  devotion  are  things  that  really  exist, 
and  are  embodied  in  men  and  women.  One 
should  form  plans  of  his  own  work  for  society, 
for  science,  for  art,  for  religion.  One's  life  may 
flail  far  short  of  what  he  would  make  it;  but  a 
high  ideal  must  precede  any  worthy  achieve- 
ment.   

GOSLOVLY 


"Adopt  the  pace  of  Nature,"  says  Emerson, 
"her  secret  is  patience."  "Everything  comes 
if  a  man  will  only  wait,"  is  a  saying  of  Lord 
Beaconsfield,  England's  great  Prime  Minister. 
"Imitate  time,"  wrote  the  French  essa3nist, 
Joubert.  "It  destroys  slowly;  it  undermines, 
wears,  loosens,  separates;  it  does  not  uproot" 
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SELF-CONTROL 


A  QuALiTv  Essential  for  Siccesspl'l  Lbadership 


The  wisdom  of  all  philosophers  points  to  the 
absolute  necessity  of  control  of  self  in  those  who 
are  to  control  others.  **Keep  cool,**  says 
Emerson,  "and  you  command  everybody." 
"The  man  who  is  to  govern  others,''  says 
Thompson,  "  should  himself  first  learn  to  bend 
his  own  passions  to  the  sway  of  reason.''  "  It 
is  the  man  that  is  cool  and  collected,"  remarks 
Diderot,  the  French  philosopher,  "that  is 
master  of  his  countenance,  his  voice,  his  actions, 
his  gestures,  of  every  part,  who  can  work  upon 
others  at  his  pleasure. "  "  Power, ' '  said  Antonie 
St.  Just,  at  a  session  of  the  Committee  of  Safety, 
during  the  French  Revolution,  to  Robespierre, 
his  friend,  when  the  latter  gave  way  to  passion, 
"power  belongs  to  the  self-possessed."  "No 
one  who  cannot  master  himself,"  says  Goethe, 
poet  and  philosopher,  "is  worthy  to  rule,  and 
only  he  can  rule." 

The  great  leaders  of  men  have  been  character- 
ized by  remarkable  self-control.  The  peculiarity 
and  strength  of  Washington's  character  and 
the  key  to  his  success  was  great  self-possession 
and  calmness  that  enabled  him  to  judge  and  to 
act  with  foresight  and  confidence  impossible  to 
men  of  equally  forcible  gifts  but  less  self-dis- 
ciplined. Gilbert  Stuart,  who  painted  his 
portrait,  stated  that  Washington  had  a  tremen- 
dous temper,  but  kept  it  under  wonderful  con- 
trol, a  statement  to  which  the  latter  assented 
when  informed  of  the  remark. 

Scott,  the  novelist,  says  of  Napoleon  Bona- 
parte, that  he  could  dismiss  from  his  face  all* 
expression   except  a  vague,  indefinite  smile, 
making  his  features  assume  the  fixedness  and 
rigidity  of  a  marble  bust. 

In  early  life  Abraham  Lincoln  was  exceed- 
ingly quick-tempered  and  combative.  He 
learned  self-control  later,  and  became  one  of 
the  most  patient  of  men.  He  said  of  this  trait: 
"  I  learned  during  the  Black  Hawk  AVar  the 
necessity  of  controlling  my  temper,  and  that 
good  habit  has  stuck  by  me  ever  since."  It  was 
one  of  the  chief  elements  that  made  possible 
his  wonderful  control  of  others. 

General  Grant  was  equally  calm,  self-reliant, 
and  unperturbed,  either  at  the  sight  of  regiments 


breaking  in  defeat,  or  before  the  hero-worship 
of  a  nation,  on  the  return  of  his  victorious  army 
into  Washington  in  the  Grand  Review  of  the 
Army  of  the  Republic. 

The  want  of  proper  discipline  over  one's  words 
and  actions  is  a  fruitful  cause  of  failure,  a  con- 
stant handicap  in  the  race  for  preferment,  and 
has  always  been  so  recognized.  "  For  want  of 
self-restraint,"  remarks  Samuel  Smiles,  "many 
men  are  engaged  all  their  lives  in  fighting  with 
difficulties  of  their  own  making,  and  rendering 
success  impossible  by  their  own  outbreaks; 
while  others,  it  may  be,  much  less  gifted,  make 
their  way  by  simple  patience,  equanimity,  and 
self-control."  Locke,  the  profound  English 
thinker,  tells  us  that  the  man  that  has  not  the 
mastery  over  his  own  inclinations;  that  knows 
not  how  to  resist  the  importunity  of  present 
pleasure  or  pain  for  the  sake  of  what  reason 
tells  him  is  fit  to  be  done,  wants  the  trae 
principle  of  virtue,  and  is  in  danger  of  never 
being  good  for  anything. 

An  example  of  the  disastrous  results  of  un- 
controlled passion  is  fresh  in  mind.  A  few 
years  ago,  a  gentleman  of  no  little  culture  and 
the  highest  mechanical  and  executive  ability, 
accepted  the  management  of  a  well-known 
manufactory  employing  hundreds  of  men  and 
presenting  an  unequaled  opportunity  for  prom- 
inence in  mechanical  lines.  The  new  manager 
produced  work  of  first  quality,  and  secured  a 
satisfactory  amount  of  business.  But  he  could 
not  get  the  best  out  of  his  men.  There  were 
frequent  petty  strikes  and  universal  individual 
dissatisfaction  among  them,  because  of  his 
unbearable  profanity  toward  his  subordinates, 
from  lowest  to  highest.  The  directors  were 
soon  compelled  to  ask  for  his  resignation.  Hia 
failure  was  due  entirely  to  lack  of  self>oontrol. 

In  another  large  concern,  where  many  young 
men  are  employed,  it  is  noticeable  that  those 
that  are  promoted  and  goto  the  most  responsible 
positions  are  the  ones  that  control  themselves 
under  all  circumstances.  One  man  who  rose 
in  a  short  time  from  common  labor  to  the 
managership  of  a  large  department,  was  given 
his  important  position,  as  stated  by  the  saper- 
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iutendent,  solely  becaaee   '*he  never  became 
rattled.'' 

For  a  man  in  a  position  of  responsibility 
to  express  his  thongbts  and  feelings  spontane- 
ously and  instantly  would  be  suicidal,  both 
for  himself  and  the  business  interests  of  his 
employers.  His  intentions,  thus  made  known, 
would  constitute  a  perfect  guide  for  business 
competitors.  He  must  frequently  be  non- 
committal, and  employ  strategems  to  cover 
up  his  motives.  Direct  questions  must  often 
be  evaded  and  ideas  expressed  guardedly. 
Important  business  plans  must  be  carefully 
covered  up  and  not  divulged,  even  to  intimate 
friends.  A  man  is  fortunate  who,  like  Presi- 
dent Arthur  A.  McKain,  as  stated  in  the  next 
article,  learns  early  in  life  the  important  lesson 
of  silence  as  to  intentions.  Commodore  Van- 
derbilt,  the  founder  of  the  Vanderbilt  fortune, 
considered   it   a  vital   element  of    successfhl 


management  to  tell  no  one  what  he  intended 
to  do  until  it  was  actually  done. 

A  superior  who  is  reserved  and  non-com- 
municative beyond  his  immediate  purposes, 
enjoys  all  the  greater  respect  from  his  subordi- 
nates. To  have  the  confidence  of  such  a  man 
is  generally  considered  a  mark  of  high  esteem. 
Men  who  wish  to  succeed  should  not  pursue 
too  open  and  direct  a  course.  Their  looks  and 
actions  must  not  betray  what  is  passing  in  the 
mind.  Policy  must  be  employed,  not  to  deceive 
others,  but  to  protect  themselves  and  the 
business  interests  confided  to  their  care  against 
the  attacks  of  ambitious  and  unscrupulous 
rivals. 

Those  who  command  themselves  command 
others.  It  is  capital  to  a  man's  credit  to  be 
able  to  control  himself  and  all  his  faculties. 
Character  is  always  capital,  and  one  chief 
element  of  a  strong  character  is  self-control. 


ALWAYS  FAITHFUL  TO  EMPLOYERS 

A  Poor  Boy's  Rapid  Rise  to  Prominence 


It  has  been  the  fortune  of  but  few  men  to 
make  as  profound  an  impression  upon  any 
branch  of  the  machine  world  as  Arthur  A. 
McKain,  president  of  the  Indiana  Manufactur- 
ing Company,  of  Indianapolis,  Ind.,  has  made 
on  the  manufacture  of  agricultural  machinery. 

Bom  and  reared  in  the  most  unflEivorable 
environment  possible,  he  encountered  all  the 
hardships  surrounding  a  poor  boy's  life,  and 
within  a  comparatively  short  time  forced  him- 
self to  the  front.  From  an  absolutely  penniless 
lad,  he  has  risen  to  be  the  head  of  a  manufac- 
turing establishment  valued  at  half  a  million 
dollars. 

In  response  to  a  request  to  Mr.  McKain  to 
relate  some  of  his  experiences  in  his  struggle 
for  advancement,  for  the  benefit  of  the  readers 
of  Science  and  Industry,  he  has  sent  the  fol- 
lowing sketch  of  a  life  of  early  disadvantages 
.  and  subsequent  success.  No  reader  who  may 
now  be  laboring  under  adverse  circumstances 
can  but  receive  an  inspiration  from  the  example 
presented  of  perseverance  under  difficulties. 

"  I  was  bom,"  says  Mr.  McKain,  **  on  a  farm 
in  Miami  County,  Ohio.  My  father  was  well- 
to-do,  and  a  farmer  all  his  life.  My  mother  was 
bom  in  Albany,  N.  Y.,  and  brought  up  in  Cin- 


cinnati. They  married  after  each  had  reared  a 
fleunily,  the  fruit  of  earlier  marriages.  I  was, 
therefore,  surrounded  by  a  large  family  of  half- 
brothers  and  half-sisters  on  both  sides.  The 
difficulties  of  such  an  arrangement  were  too 
much  for  my  parents,  and  they  separated  when 
I  was  but  ten  years  old.  I  went  with  my 
mother,  and  consequently  sufiered  the  incon- 
veniences of  poverty ;  at  the  same  time  I  enjoyed 
the  advantages  of  an  early  struggle  under 
adverse  conditions. 

'*  I  was  obliged  to  go  to  work  on  a  farm  when 
I  was  a  little  more  than  12  years  old.  My 
youth  was  against  me,  and  I  received  many 
discouraging  refusals  in  my  quest  for  employ- 
ment. One  evening,  after  a  vain  search  extend- 
ing over  many  weeks,  I  was  told  that  a  boy 
had  quit  working  that  day  for  a  farmer  some 
three  miles  in  the  country.  There  was  a  group 
of  boys  near,  and  one  of  them  said  he  would  go 
in  the  morning  and  get  the  place.  I  went  that 
night  and  secured  the  job  at  once.  It  was  a 
lesson  to  me  in  promptness  and  in  silence  as  to 
my  intentions,  by  which  I  have  profited 
throughout  my  life. 

''The  next  incident  which  impressed  itself 
most   clearly   on  my  memory  occurred   four 
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years  later,  when  I  was  working  on  a  brick  yard 
as  off-bearer.  We  were  paid  seventy-five  cents 
a  day,  the  other  hands  receiving  a  doUar.  My 
companion  off-bearer  said  that  we  were  doing 
harder  work  than  the  others,  and  getting  less 
pay,  and  suggested  that  we  slack  up.  Our 
employer  came  out,  and  noticing  our  dilatori- 
ness,  asked  what  was  the  matter.  My  fellow- 
worker,  being  older  than  I,  made  the  explana- 
tion that  we  were  not  getting  as  much  as  the 
others,  while  our  work  was  harder.  Our  em- 
ployer at  once  said  that '  we  were  taking  a 

poor  way  to  get  any  more.'  I  saw  the  force  of 
his  remark;  but  my  companion  did  not,  and  he 
was  discharged  that  evening.  I  stayed  on  until 
the  yard  was  shut  down  in  the  fall.  Ever  since, 
when  times  get  hard  and  discouraging  circum- 
stances suggest  the  letting  up  of  effort,  the 
remark  of  the  old  brick-yard  man  has  always 
been  a  stimulant,  and  has  helped  me  over  many 
rough  places.'' 

In  comparison  with  the  educational  advan- 
tages of  many  readers  of  this  magazine,  those 
enjoyed  by  Mr.  McKain  were  very  meagre,  and 
render  his  success  the  more  brilliant,  viewed  in 
these  days  of  first-class  public  schools,  and  the 
educational  aid  at  command  in  the  great 
correspondence  schools,  and  the  colleges  and 
technical  schools.  ''  I  never  obtained  any  edu- 
cation," continues  he,  ''except  what  could  be 
acquired  before  I  was  sixteen  years  old  by  going 
to  school  in  the  winter  in  our  village  schools, 
with  the  exception  of  one  short  term  of  three 
months  in  an  academy.  I  loved  to  go  to  school, 
and  never  missed  a  day,  except  when  I  had  to 
work;  and" — what  follows  is  doubtless  one  of 


the  reasons  for  his  success— ''I  never  refused  a 
day' s  work  in  my  life.  Such  education  as  I  have, 
I  have  acquired  by  reading  and  observation. 

"I  tried  in  all  the  machine  shops  and  in 
every  industry  in  Richmond,  Indiana,  aud  in 
Dayton,  Ohio,  to  get  a  chance  to  learn  a  trade. 
This  was  when  I  was  about  fifteen  or  sixteen 
years  old;  but  the  other  workmen  and  lack  of 
influence  kept  me  out,  so  that  I  have  neither 
education  of  the  schools  nor  of  the  shops.  I 
was  driven  into  commercial  pursuits,  and  my 
early  experience  on  fieurms  gave  me  a  bent 
toward  supplying  the  wants  of  the  fimners.  I 
suppose  it  was  this  that  influenced  me  to  take 
up  the  manufacture  of  forming  implements." 

No  words  of  advice  are  more  valuable  than 
those  relating  the  causes  of  the  success  of 
thoughtful  and  successful  men,  by  conflidering 
which  we  can  often  perceive  more  clearly  what 
qualities  to  cultivate  and  rales  of  action  to 
follow  ourselves,  to  insure  our  own  success. 
Speaking  on  this  subject,  Mr.  McKain  says,  in 
closing:  **  I  know  of  no  particular  reasons  for 
my  success,  except  that  I  was  always  foithful 
to  my  employers.  I  did  all  that  I  could  for 
them,  and  did  it  as  well  as  I  could,  and  alwaya 
tried  to  learn  how  to  do  it  better.  I  never 
refused  a  task  because  it  was  difficult  or  dis- 
agreeable. I  suppose  it  was  these  qualities 
that  gained  me  the  confidence  and  esteem  of 
my  employers.  As  a  man  I  have  been  able  to 
go  back  to  them  whenever  I  needed  advice  or 
financial  assistance,  and  have  always  been  able 
to  obtain  it.  My  employers  were  always  my 
friends,  and  to  this  day,  my  vary  firmest  friends 
are  the  men  who  employed  me  in  my  youth." 


GLADSTONE  ON  SUCCESS 


What  Mr.  Gladstone  has  to  say  about  success 
in  life  is  worth  reading  and  worth  thinking 
about:  , 

*'  Be  sure  that  every  one  of  you  has  his  place 
and  vocation  on  this  earth,  and  that  it  rests 
with  himself  to  find  it. 

**Do  not  believe  those  who  too  lightly  say 
effort — honest,  manful,  humble  effortr— does 
not  succeed  by  its  reflected  action,  especially 
in  youth,  better  than  success,  which,  indeed, 
too  easily  and  too  early  gained,  not  seldom 


serves,  like  winning  the  first  throw  of  the  dice, 
to  blind  and  stupefy. 

**  Get  knowledge  all  you  can. 

*'6e  thorough  in  all  you  do,  and  remember 
that,  though  ignorance  often  may  be  inno- 
cence, pretension  is  always  despicable.  Yon 
must,  like  men,  be  strong  and  exercise  yoor 
strength." 

"  Wondrous  is  the  strength  of  cheerfolnesa," 
says  Thomas  Oarlyle,  ''altogether  past  calcula- 
tion its  powers  of  endurance." 
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PERSISTENCE  IN  STUDY 


In  self-cultare,  everythiDg  depends  on  the 
good  ose  of  time.  It  is  not  a  great  quantity 
of  time  that  is  needed,  but  the  power  of  using 
all  the  time  available. 

You  cannot,  for  instance,  hope  to  accomplish 
very  much,  if  you  study  today  for  an  hour  or 
two,  and  quit  the  next  few  days,  because  the 
weather  is  a  little  warmer.  You  cannot  make 
much  advancement,  if  you  study  in  the  cool 
months  only.  Time,  it  is  said,  works  wonders, 
but  time  works  twenty- 
four  hours  a  day,  and 
three  hundred  and  sixty- 
five  days  in  a  year.  If 
you  sincerely  wish  to  suc- 
ceed, you  must  possess,  in 
some  <legree,  time's  per- 
sistence. 

All  euocessfal  men  are 
agreed  on  the  importance 
of  the  thorough  use  of 
time.  **I  wish,"  says 
President  Jordan,  "to 
teach  a  single  lesson,  true 
alike  to  all  men — the  les- 
son of  saving  time.  To 
students  I  say,  *The  path- 
way of  your  lives  lies  con- 
stantly along  the  borders 
of  the  Land  of  Manana— 
the  land  of  putting  things 
off.  It  is  easy  to  turn  into 
this  land  and  to  lose  your- 
self among  its  palms  and 
bananas.  To  come  to  the 
full  measure  of  your  pow- 
ers constitutes  success  in  life.  Thia  depends 
on  the  factor  of  time.  With  time  enough,  we 
could,  any  of  us,  do  anything.  Any  man 
could  be  all  men,  could  he  have  time  enough. 
With  eternity,  man  becomes  as  the  gods.  But 
)ur  time  on  earth  is  not  eternity.  We  can 
do  but  little  at  the  most.  Every  hour  we 
waste  carries  away  its  life,  as  the  drops  of 
falling  water  carry  away  the  rock.  Every 
lost  day  takes  away  its  cubit  from  our  stature. 
Let  us  work  while  it  is  day;  and  when  the 
evening  comes,  we  may  rest  under  the  shade 
of  the  palm  trees.    He,  only,  that  has  been 


Dk^icned  by  an  I.  C.  8.  Stidknt 


active  in  the  heat  of  the  day,  has  earned  the 
right  to  sleep.' " 

"He  that  stays  does  the  business."  The 
giants  of  the  race  have  been  men,  not  so  much 
of  extraordinary  ability,  as  of  tremendous 
concentration,  who  have  struck  with  sledge- 
hammer blows,  continually  in  one  place,  until 
they  have  accomplished  their  purpose. 

Benjamin  Franklin  said  that  diligence  is  the 
mother  of  good  luck.  No  man  should  com- 
plain of  ill  luck  whoce 
mishaps  are  more  justly 
attributable  to  lack  of 
diligence. 

Let  no  reader  of  Science 
AND  Industry  who  de- 
sires to  carve  out  hia  for- 
tune with  the  tools  of 
training  and  education, 
neglect  the  golden  oppor- 
tunity of  the  next  two 
warm  months  to  place 
himself  two  months 
ahead  of  others  who  may 
suspend  their  efforts  till 
cooler  weather. 


A  STUDENT^S  BUILD- 
INGS 

The  two  buildings  illus- 
trated on  this  page  are  the 
work  of  Mr.  L.  D.  Brack- 
ney,  of  McMinnville, 
Tenn.,  a  student  in  the 
Complete  Architectural 
of  the  Schools.      "They  are,"   writes 


Course 

Mr.  Brackney,  '^of  the  best  class  of  build- 
ings that  have  been  built  here  in  the  last  two 
years.  I  am  aware  that  all  of  the  proportions 
are  not  quite  right,  but  think  there  are  no 
serious  mistakes.  At  least,  as  far  as  I  know, 
my  work  has  given  perfect  satisfaction  to 
the  owners.  The  Schools  have  been  of  great 
assistance  to  me.  I  had  worked  at  carpentry 
several  years,  and  studied  considerably  before 
enrolling,  but  have  since  learned  much  faster 
and  been  enabled  to  make  much  neater  draw- 
ings." 
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A  JUDGE'S  ADVICE 


By  Hon.   Edward  Ambler  Armstromo,  Jud<je  or  the  Camden  County  Courts, 

Camden,  New  Jersey 


It  may  be  briefly  said  to  the  men  whom 
SaENCE  and  Industry  reaches,  tliat  they  can- 
not know  too  much,  although  in  a  limited  way 
it  may  be  true  that  ''A  little  learning  is  a 
dangerous  thing."  No  learning  is  a  great  deal 
more  dangerous,  and  it  is  far  better  for  one  to 
have  a  little  learning  than  none  at  all.  The 
criticism,  of  course,  embodied  in  the  oft-quoted 
phrase  above  mentioned,  is  that  the  one  with 
little  learning  feels  assured  that  he  knows  it  all. 

It  happens,  I  suppose  as  a  general  thing,  that 
a  man  feels  that  because  he  cannot  attend  a 
technical  school,  he  cannot  obtain  a  technical 
education.  This,  of  course,  is  not  at  all  true. 
While  the  work  for  a  technical  education  will 
be  harder,  it  can  be  obtained  independently  of 
schools,  and  is  bound  to  be  a  great  and  con- 
trolling fkctor  in  any  man's  success. 

Doing  the  work  assigned,  faithfulness  to  the 
employer's  interests,  and  absolute  trustworthi- 
ness are  sure  to  win  not  only  the  confidence 
but  the  regard  of  an  employer.    No  man  is 


important  enough  to  fill  a  place  that  no  one  else 
can  fill;  but  a  man  can  make  himself  so  useful 
and  so  important  that  an  employer  would  fill 
his  place  regretfully. 

Generally  speaking,  any  man  can  be  suc- 
cessful, if  he  will.  More  than  this  world  dreams 
of  rests  in  that  spark  of  divinity  in  every 
human  breast,  Oie  will.  Any  man  can  make 
money  in  this  country,  and  if  that  is  his  entire 
object  in  life — to  become  rich — ^the  attainment 
of  his  object  would  depend  on  whether  he  saves 
or  not.  Being  rich  is  entirely  relative:  a  man 
whose  income  is  two  hundred  and  fifty  dollars 
and  whose  expenses  never  exceed  two  hundred 
dollars  a  year,  is  rich;  while  a  man  whose 
income  is  twenty  thousand  dollars  a  year,  and 
his  expenses  twenty-one  thousand,  is  miserably 
poor. 

If  I  were  to  sum  up,  in  a  line,  a  rule  for  both 
happiness  and  success,  I  think  it  would  be 
by  saying:  **Act  well  your  part,  for  there  the 
honor  lies." 
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YOU  MUST  NOT  FORGET 


ff 


A  successful  business  man  said  that  there 
were  two  things  which  he  learned  when  he  was 
eighteen,  and  which  were  ever  afterwards  of 
great  use  to  him,  namely:  **  Never  to  lose  any- 
thing and  never  forget  anything." 

An  old  lawyer  sent  the  young  man  with  an 
important  paper,  giving  him  definite  instruc- 
tions what  to  do  with  it. 

"But,"  inquired  the  young  man,  "suppose  I 
should  happen  to  lose  it,  what  shall  I  do  then?" 

"  You  must  not  lose  it,"  said  the  lawyer. 

"I  don't  mean  to,"  said  the  young  man, 
'*  but  suppose  I  should  happen  to?" 

"  But  I  say  you  must  not  happen  to.  I  shall 
make  no  provision  for  such  an  occurrence." 

This  put  a  new  train  of  thought  into  the 
young  man's  mind,  and  he  found  that  if  he  was 
determined  to  do  a  thing  he  could  do  it.  He 
made  such  a  provision  against  every  contin- 
gency that  he  never  lost  anythirg. 


He  found  this  ec^ually  true  about  forgetting. 
If  a  certain  matter  of .  importance  was  to  be 
remembered,  he  pinned  it  down  in  his  mind, 
and  made  it  stay.  He  used  to  declare:  "  When 
a  man  tells  me  that  he  forgot  to  do  something,  I 
tell  him  he  might  as  well  have  said,  '  I  did  not 
care  enough  about  your  business  to  take  the 
trouble  to  think  of  it  again.' 

"  I  once  had  an  intelligent  young  man  in  my 
employ  who  deemed  it  sufficient  excuse  for 
neglect  of  a  task  to  say,  '  I  forgot.'  I  told  him 
that  would  not  answer;  if  he  was  sufficiently 
interested  he  would  be  careful  to  remember. 
It  was  because  he  did  not  care  enough  that  he 
forgot.    I  drilled  him  with  this  truth. 

"  He  worked  for  me  three  years,  and  during 
the  last  year  of  the  three  he  was  utterly  changed 
in  this  respect.  He  did  not  forget  a  thing.  fiEis 
forgetting,  he  found,  had  been  a  lazy  and  care- 
less habit  of  mind,  and  he  cured  it." 
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AN  I.  C.  S.  STUDENTS  OPPORTUNITY 


Words  of  greater  truth  were  never  spoken 
than  when  President  David  Starr  Jordan 
said:  *'  Only  in  oar  day  has  it  been  recognized 
that  the  common  man  had  part  or  lot  in  higher 
education.  Now  he  has  come  into  his  own,  and 
demands  that  he,  too,  may  be  noble  and 
gentle."  President  Jordan  may  no't  have  real- 
ized it,  possibly,  but  it  is  through  correspond- 
ence schools  that  the  man  who  has  to  do  the 
laborious  work  of  the  world  is  winning  his  place 
among  those  who  know,  and  can,  therefore,  do. 

The  following  story  about  an^I.  C.  S.  student 
shows  that  the  man  in  overalls,  soiled  and 
grimy,  can  often  make  his  knowledge  felt  by 
those  whose  lot 
i  n  educational 
matters  has 
been  more  for- 
tunate:  Mr. 
Worthington, 
who  is  a  gradu- 
ate of  a  well- 
known  tech- 
nical school, 
and  occupying 
one  of  the  head 
positions  in  the 
electric  railway 
system  of  a  large 
western  city,  was  recently'called  into  his  chiefs 
office  and  handed  some  calculations  involving 
a  knowledge  of  cube  root  This  was  an  easy 
task;  he  set  to  work,  but  in  a  very  short  time 
found  himself  completely  at  a  standstill.  Not 
wishing  to  admit  his  inability  to  his  superior, 
he  approached  another  technical  graduate  em- 
ployed in  the  works.  The  latter  essayed  the 
task,  but  did  no  better  than  Worthington. 

While  they  were  standing  in  the  eugine  room, 
puzzling  over  the  difficulty,  the  fireman,  who 
was  wiping  oil  from  the  engine,  asked  what  the 
trouble  was,  and  created  no  little  merriment  by 
offering  to  help.  With  a  piece  of  chalk,  how- 
ever, he  set  to  work  on  the  wall  of  the  room, 
and  soon  produced  the  correct  answer. 

Worthington  and  his  friend  were  greatly  sur- 
prised to  find  an  engine  wiper  giving  them 
points  on  mathematics;  but  the  explanation 
was  that  the  fireman  was  a  student  in  the 
Schools,  and  proudly  claimed  that,  although 


Students'  Gas  Engines 


not  long  before  he  had  been  almost  totally 
ignorant  of  mathematics,  now,  not  only  could 
nothing  in  arithmetic  puzzle  him,  but  he  was 
mastering  physics,  the  theory  of  the  steam 
engine,  and  the  principles  of  dynamo-electric 
machinery,  and  would  soon  be  qualified  for  a 
position  as  chief  engineer. 

GAS  ENGINE  DESIGN 

One  of  the  newest  and  most  attractive  fields 
for  inventive  minds  is  the  design  of  ga«  engines. 
Comparatively  little  is  understood,  generally, 
about  the  principles  of  the  gas  engine,  and 
those  who  study  this  modern  kind  of  engine 

are  of  ten  able  to 
make  great  im- 
provements. 

The  two  gas 
engines  illus- 
trated herewith 
are  the  inven- 
tions of  two 
students  in  the 
Gas  Engines 
Course  of  the 
Schools.  The 
student  whose 
picture  is  given 
is  Mr.  Charles 
F.  Martin,  of  Clinton,  Mass.  His  engine  is  the 
one  at  the  right.  Mr.  Martin  says  that  his 
Course  more  than  met  his  expectations,  and 
that  through  its  aid  he  will  be  able  to  keep  in 
the  front  rank  of  the  makers  of  gas  engines. 

We  regret  that  we  have  no  photograph  of 
Mr.  George  Kingston,  of  Ionia,  Mich.,  the 
designer  of  the  engine  at  the  left.  ''I  have 
been  putting  my  education  to  some  practical 
use,"  writes  Mr.  Kingston.  "I  have  designed 
and  built  a  gas  engine,  a  photograph  of  which 
I  send  you.  I  now  have  under  construction  a 
double-cylinder  motor  intended  for  automobile 
work.  It  has  31'''  X  3}''''  cylinders,  with  con- 
tinuous water-jacket  around  both  cylinders, 
and  is  of  the  two-cycle  type,  although  different 
from  anything  on  the  market.  I  have  done  all 
the  work  myself,  even  the  core  making,  mold- 
ing, pattern  work,  and  machine  work.  When  I 
began  the  Course  I  was  a  carpenter  and  knew 
nothing  about  metal  working." 
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The  road  to  sucoess  is  as  clearly  mapped  out 
as  the  beet  highway  to  a  large  city.  Sacoees  is 
as  certain  of  attainment  by  the  man  who  fulfils 
the  conditions  of  success,  as  failure  by  him  who 
fulfils  the  conditions  of  failure. 

The  way  to  either  is  not  hard  to  find.  It 
may  easily  be  ascertained  through  study  of 
the  experience  of  others,  as  embodied  in  innu- 
merable books  and  articles  of  advice  and  biog- 
raphy. 

Of  especial  value  are  the  words  of  living 
successful  men.  Mr.  R.  S.  Buck,  G.  E.,  who 
has  recently  been  appointed  to  the  important 
position  of  chief  engineer  in  charge  of  the 
new  bridge  over  the  East  River,  at  New  York, 
has  the  following  to  say  to  the  readers  of 
Science  and  Industry,  on  what  his  observa- 
tion and  experience  have  shown  to  be  essential 
to  success: 


*'Such  success  as  I  have  attained  is  due  to 
good  fortune,  good  friends,  a  keen  lookout  for 
opportunities,  and  an  inherent  desire  always 
to  do  the  best  that  could  be  done,  in  small 
matters  as  well  as  large. 

^'One  point  I  would  suggest  to  all,  no  matter 
what  their 'grade,  and  that  is  to  abstain  from 
the  fear  of  doing  too  much  work.  The  man 
who  is  constantly  figuring  how  he  can  reduce 
his  efforts  to  a  minimum,  without  incurring 
censure  or  worse,  is  doomed  to  certain  failure. 
Even  more,  the  man  who  is  always  weighing 
the  wear  and  tear  on  his  mental  and  physical 
constitution,  and  measures  his  efforts,  even 
though  possessed  of  fair  ability,  will  always  be 
at  the  rear  of  the  race.  It  may  not  be  a  good 
thing  always  to  be  keyed  up  to  the  concert 
pitch  of  effort,  but  in  nine  cases  out  of  ten  it  is 
essential  to  success." 


"COME  HOME  SOMEBODY 
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Education,  in  its  true  sense,  means  more  than 
spelling  and  writing — it  means  growth  of  power, 
the  development  of  character.  To  turn  out 
good,  honest,  and  right-thinking  men  and 
women  should  be  one  of  its  principal  aims.  In 
this  age  of  personal  vanity  and  love  for  the 
almighty  dollar,  there  is  an  imperative  need  of 
the  most  vital  moral  training  possible,  and  it  is 
of  utmost  importance  to  us  to  pay  closer  atten- 
tion to  '*  character  building.''  This  is  among 
the  sore  needs  of  the  world. 

Dig,  dig  the  foundation  deep,  young  miui, 

Plant  finnly  the  outer  wall; 

I^t  the  props  be  itrong  and  the  roof  be  high. 

"Society,"  writes  J.  G.  Holland,  "not  only 
demands  that  a  young  man  be  somebody,  but 
that  he  shall  prove  his  right  to  the  title;  and  it 
has  a  right  to  demand  this.  Society  will  not 
take  this  matter  up  on  trust,  at  least  not 
for  a  long  time,  for  it  has  been  cheated  too 
frequently.  Society  is  not  very  particular  what 
a  man  does,  so  that  it  proves  him  to  be  a  man; 
then  it  will  bow  to  him  and  make  room  for 
him.'' 

"Try  to  come  home  somebody,"  said  Gam- 
betta'e  fond  mother  as  she  sent  her  gifted  but 


poverty-striken  boy  to  Paris  to  school.  His 
food  was,  for  a  time,  scanty,  his  clothing  shabby, 
and  his  home  a  little  room  in  a  garret.  But  he 
had  determined  to  succeed,  and  such  obstacles 
as  these  could  not  restrain  him. 

An  opportunity  came.  Jules  Favre  wae,  on  a 
certain  day,  to  plead  a  great  cause,  but  on  being 
suddenly  taken  ill,  chose  an  unknown,  rough, 
and  uncouth  young  man  to  take  his  place. 
That  young  man  was  Grambetta,  who  for  many 
years  had  been  preparing  for  such  an  oppor- 
tunity, and  now  proved  equal  to  its  donands. 
He  made  one  of  the  most  powerful  speeches 
that  had,  up  to  that  time,  ever  been  made  in 
France.  All  the  papers  of  the  French  metropo- 
lis sounded  the  praises  of  the  ragged,  onoouth, 
Bohemian  advocate,  who  soon  became  the 
Republican  leader  of  all  France.  Not  to  luck 
or  accident  was  this  sudden  rise  dne.  The 
opportunity  came  and  he  was  equal  to  it. 

"John Wanamaker,"  saysManley M.  Gillam, 
"delivered  his  first  order  in  a  wheelbarrow. 
He  had  just  started  Oak  Hall,  his  father  and 
himself  having  together  barely  $4,000  capital. 
There  was  rent  to  pay  in  advance,  goods  to  buy, 
help  to  hire,  and  improvements  to  oEiake.    The 
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$1,000  was  put  to  the  very  beet  practical  uses. 
The  first  order  came  and  every  attention  was 
given  to  fill  it  as  well  as  possible.  The  head  of 
the  firm,  John  Wanamaker  himEelf,  placing 
the  big  bundle  in  a  wheelbarrow,  wheeled  it  to 
the  customer.'' 


No  grander  sight  in  the  world  is  there  than 
that  of  a  man  filled  with  one  great  purpose, 
dominated  by  one  undeviating  aim.  Bound  to 
win,  the  world  stands  one  side  and  lets  him 
pass;  it  always  makes  way  for  the  man  with  a 
will  in  him. 


"WORK,  WORK,  WORK 


A  man  who  long  since  reached  the  pinnacle  of 
ambition  as  a  subordinate,  the  Hon.  Chauncey 
M.  Depew,  who  hap,  it  is  said,  the  demonstrated 
ability  to  do  more  work  at  sixty  than  any  three 
men  around  him,  speaks  of  his  own  success  as 
follows:  ''My  experience  as  an  employer  of 
35,000  men,  and  iti  contact  with  institutions 
which  employ  100,000  more,  is  that  most  men 
fail  in  life  from  their  own  fault  in'  not  seizing 
the  opportunities  which  come  to  them. 

"  What  I  mean  is  just  this:  I  was  in  a  large 
law  office  down  town  recently,  and  I  said  to  the 
head  of  it.  *  You  are  working  yourself  to  death.' 
The  head  of  every  concern  in  this  country  is 
working  himself  to  death  because  he  cannot  get 
the  proper  assistance.  He  said,  'Yes;  and  for 
this  reason :  look  at  that  office  full  of  clt- rks,  every 
one  of  them  watching  me  to  see  when  I  am  out, 
so  that  they  can  fool  away  their  time,  and  every 
one  of  them  watching  the  clock  to  see  when  the 
time  comes  for  them  to  leave.  If  there  was 
among  that  body  of  young  lawyers  out  there, 
and  of  clerks  studying  to  be  lawyers,  any  one 
who  was  willing  to  take  up  any  work  that  I 
would  send  out  there,  and  stay  here  all  the 
afternoon  and  all  the  evening,  and  all  the  night, 


if  need  be,  as  I  did  when  I  began,  that  man  in 
a  few  years  would  be  my  partner;  but  there  is 
not  one,  not  one.' 

"  It  is  the  rarest  thing  in  the  world  to  find  a 
man  who  is  taking  wages  or  taking  a  salary  who 
is  willing  to  do  any  more  than  he  knows  he  is 
hired  to  do.  When  you  ask  him  to  do  anything 
outside  of  that,  he  wants  to  know  if  you  are  going 
to  raise  his  wages  or  give  him  extra  pay  for  it. 

*'  You  take  any  large  counting  house;  you  take 
any  large  factory;  you  take  any  large  employ- 
ment anywhere,  and  you  will  find  that  ninety- 
nine  out  of  every  hundred,  if  the  hour  for 
quitting  is  five  o'clock,  at  half-past  four  have 
their  eyes  glued  on  the  hands  of  the  clock.  If 
you  find  among  them  one  man  who,  when  one 
of  his  fellows  is  sick  says,  '  Very  well,  I  will  do 
your  work,'  or  when  the  work  of  the  office  has 
fallen  behind,  goes  to  the  head  of  the  office,  and 
says  'All  right,  I  will  stay  here  until  that  is 
finished  up,'  that  man  is  certain  to  walk  ahead 
and  climb  the  ladder,  if  he  keeps  his  health  and 
stays  where  he  is. 

"If  any  one  should  ask  me  what  is  the  secret 
of  success  in  life,  I  should  say,  *  Work,  Work, 
Work.'" 


TRAINING  REQUISITE  TO  SUCCESS 


Unless  a  man  possesses  exceptional  ability, 
says  the  New  York  Trihune,  or  fits  himself  to 
do  something  exceptionally  well,  there  is  no 
place  for  him  today  in  the  world  of  business. 
The  one  fatal  qualification  for  a  business  career 
is  mediocrity,  even  though  it  is  crowned  with 
the  virtue  of  faithfulness.  The  man  whose 
only  fetock  in  trade  is  the  ability  to  do  routine 
work  faithfully,  as  a  thousand  other  compet- 
ing young  men  can  do  it,  ni'ght  almost  as 
well  go  to  the  poorhouse  at  once,   for  he  is 


on  the  straight  road  to  it.  As  an  unskilled 
laborer,  there  is  no.  possible  chance  for  him  in 
the  modern  business  world,  unless  he  is  content 
to  plod  along  all  his  life  from  hand  to  mouth, 
as  some  other  man's  man.  The  world  is  over- 
stocked with  men  who  can  do  routine  work 
well,  but  not  supremely  well.  And  it  is  crying 
aloud  for  men  who  by  patient  learning  have 
qualified  themselves  to  join  the  ranks  of  the 
select  few  who  can  do  some  one  thing  better 
than  anybody  else. 
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HONESTY,  PERSEVERANCE,  AND  CONCENTRA- 
TION SUCCEED 


By  James  Oliver,  the  Millionaire  Plow  Maker 


A  man  may  acquire  a  goodly  share  of  the 
world's  goods  by  dishonest  methods,  trickery, 
and  deceit,  but  his  success  will  be  short-lived, 
unstable,  and  unsatisfactory.  No  man  base  in 
deed  is  at  rest  in  mind,  and  if  money  will  not 
bring  mental  as  well  as  bodily  comfort,  of  what 
good  is  it?  Worst  of  all,  a  dishonest  career 
must  some  day  close,  and  the  mere  thought  of 
the  ultimate  reckoning  will  undo  all  the  pleasure 
that  ill-gotten  gain  may  have  given. 

A  man  should  be  scrupulously  honest  and 
honorable  in  all  his  actions.  Never  should  he 
sacrifice  conscience  to  gain  wealth,  or  foster  the 
belief  that  success  is  simply  the  accumulation 
of  money.  Then  he  must  persevere.  He  can- 
not gain  worldly  success  without  an  invincible 
determination  to  succeed,  and  ability,  talents, 
and  circumstances  will  count  for  little  without 
tenacity  of  purpose— stubborn  perseverance  to 
get  to  the  front  Upon  no  one  but  himself 
should  he  rely.  He  is  the  best  friend  he  has  on 
earth,  and  nothing  will  in  after  life  be  more 
hurtful  to  him  than  to  look  outside  himself  for 
support  while  his  character  is  shaping  itself.  It 
weakens  his  character  and  curtails  the  scoi>e  of 
his  intellect. 

Further,  a  man  to  be  successful  in  business 
must  apply  himself  unswervingly  to  his  work. 
His  whole  mind  and  heart  should  go  deep  into 
it,  and  he  should  cultivate  a  growing  fondness 
for  it.  Unsteadiness  or  fickleness  can  never  be 
made  to  harmonize  with  success. 

No  matter  how  insignificant  may  be  a  man's 
first  situation,  he  will  find  that  there  is  much 
to  learn  from  it,  and  he  should  be  always  keenly 
observing.  Accuracy,  too,  should  be  one  of  his 
characteristic  qualities.  His  work  should  never 
necessitate  a  second  ''going  over"  by  some  one 
else.  Then,  he  should  learn  to  do  his  work 
systematically.  The  smallest  business  requires 
system.  He  should  study  carefully  some  method 
by  which  he  can  economize  time,  and  then  live 
up  to  it.  At  his  work  he  should  always  be  on 
time.  Punctuality  is  a  virtue  that  employers 
perhaps  recognize  as  quickly,  if  not  more  so. 


as  any  other.  If  an  employer  sees  an  employe 
always  behind  time  in  coming  to  work  while 
engaged  under  his  very  nose,  he  is  apt  to  con- 
clude that  if  that  employe  were  placed  wholly 
upon  his  own  responsibility,  he  would  be  evra 
more  reckless,  and  in  consequence  the  employer 
appoints  a  more  regular  man  to  the  responsible 
position,  and  the  laggard  wonders  why  there  has 
been  any  discrimination  against  him. 

The  successful  man  should  do  his  work 
quickly,  yet  accurately,  and  should  have  the 
greatest  regard  for  time.  Persistent  effort  on 
the  part  of  any  man  will  be  the  means  of  culti- 
vating such  habits  as  are  necessary  in  the 
successful  performance  of  business. 

I  have  every  faith  in  the  possibilities  of  the 
poor  boy,  and  it  is  needless  for  me  to  cite  any 
examples  substantiating  my  belief.  There  isn't 
a  boy  in  the  land  who  cannot  himself  nnmber 
offhand  scores  of  men  who  have  risen  from  the 
lowest  ranks  of  poverty  to  the  highest  stations 
of  eminence.  The  world's  greatest  artists, 
inventors,  poets,  and  philosophers  have  forced 
their  way  to  fame  over  the  most  stubborn  rocks 
of  adversity.  The  educational  advantages  that 
the  poor  boy  may  lack  may  in  a  way  handi- 
cap him  in  the  race  of  life,  and  he  may  have 
to  solve  his  mathematical  problems  by  longer 
methods  than  algebraic,  but  if  he  possesses 
those  essential  qualities  to  success— honesty, 
perseverance,  and  good  common  sense— he  is 
bound  to  succeed. 

I  believe  that  poverty  is  a  great  aid  in  the 
development  of  success.  We  all  know  that  too 
many  advantages  at  the  threshold  of  life's 
journey  are  a  misfortune,  because  they  dampen 
ambition,  and  a  young  man  without  ambition 
can  never  hoi>e  to  succeed.  The  poor  boy 
must  resolve  at  the  outset  to  encounter  all  the 
hardships  of  life  unfiinchingly,  and,  above  aU, 
to  be  patient.  In  that  I  do  not  mean  to  be 
effortless,  to  sit  idly  by  waiting  for  success  to 
come  around  to  the  door  like  the  postman,  bat 
I  would  say  that  never  should  he  be  disoonnged 
in  his  work." 
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ONLY  FIFTEEN  YEARS  AGO 


It  is  not  neoeasary  to  look  back  many  years 
to  find  men  whose  names  are  household  words 
today,  and  who  have  achieved  both  £une  and 
fortune,  occapying  obscure  positions  and  giving 
no  indication  of  the  brilliant  future  that  was 
awaiting  them. 

Fifteen  years  ago  Dr.  Ck>nan  Doyle  was  indus- 
trioofily  working  up  a  medical  practice,  with 
aU  the  attendant  hard  work  and  struggle,  at 
Sonthsea.  His  pen  was  yet  untried,  and  he 
seemed  destined  to  live  and  die  a  country 
doctor.  It  was  four  years  later  when  he  was 
tempted  to  try  his  prentice  hand  at  writing, 
with  what  results  the  world  and  his  bankers 
know. 

When  Conan  Doyle  was  dispensing  physic  at 
Southsea,  Mr.  S.  R  Crockett  could  not  even 
claim  the  doubtful  position  of  ''A  Stickit 
Minister,''  for  it  was  only  in  1886  that  he 
entered  the  Free  Church  of  Scotland,  in  which 
he  served  an  apprenticeship  of  seven  long  years 
before  he  found  that  his  vocation  lay  with  the 
pen  rather  than  in  the  pulpit. 

At  this  time,  too,  only  fifteen  yean  ago, 
"  Ian  Maclaren  "  had  won  popularity  as  minis- 
ter of  Sefton  Park  Church,  Liverpool;  but  for 
a  dozen  more  years  his  pen  was  engaged  in 
writing  sermons  before  it  turned  to  the  pathos 
and  beauty  oV*  Beside  the  Bonnie  Brier  Bush.'' 

Hall  Caine,  who  can  now  rely  on  making  his 
own  weight  in  gold  out  of  a  single  novel,  was 
quite  unknown  fifteen  years  ago.  After  years 
of  ill-paid  journalism  in  Liverpool,  he  had  come 
to  London  to  be  Dante  Rossetti's  private  secre- 
tary, and  to  find  scope  and  inspiration  for  the 
gifts  that  were  in  him.  The  change  of  environ- 
ment worked  a  miracle;  for,  in  1885,  his  power- 
ful ''Shadow  of  a  Crime"  Lntroduoed  a  new 
''prophet"  to  the  world  of  readers. 

Fifteen  years  ago  Anthony  Hope  was  a 
scholar  of  Baliol,  and  his  only  ambition  was  to 
follow  in  the  footsteps  of  his  uncle,  Sir  Henry 
Hawkins,  as  he  then  was.  It  was  not  until  1890 
that  he  proved  himself  "a  man  of  mark"  in 
quite  another  field  of  labor. 

In  1884,  Stanley  Weyman,  the  gifted  author 
of  so  many  historical  novels,  was  waiting  for 
briefs  in  Dr.  Johnson's  buildings,  and  did  not 
even  attempt  to  solace  his  waiting  hours  by 


"trying  his  hand"  at  fiction,  of  which  he  is 
now  such  a  master. 

Rudyard  Kipling,  in  the  early  eighties,  was 
assistant  editor  of  the  Indian  Pioneer  on  many 
less  rupees  a  month  than  he  now  earns  pounds 
a  week.  He  was  writing  his  "  Departmental 
Ditties"  in  his  few  spare  moments,  and  hoped 
some  day,  as  the  height  of  his  ambition,  to 
induce  the  world  to  read  them  in  book  form. 
Rider  Haggard  had  already  written  one  book, 
"Cotywayo  and  His  White  Neighbors,"  and 
published  it  at  a  loss  of50  pounds;  and  was  on 
the  verge  of  publishing  "Dawn"  at  a  net 
profit  of  10  pounds  for  a  year's  hard  work. 

The  same  story  may  be  told  of  scores  of  men 
now  world-famous  in  other  fields  of  effort. 

The  present  Viceroy  of  India  was  reading  for 
his  B.  A.  degree  at  Oxford,  in  1884,  and  was 
already  looking  forward  to  an  apprenticeship 
to  politics,  which  began  in  the  following  year 
as  assistant  private  secretary  to  Lord  Salisbury; 
Sir  Alfred  Milner  was  a  hard-worked  sub- editor 
of  the  PaU  Mall  Qazette,  with  never  a  dream  of 
the  days  when  he  would  be  "  His  Excellency  " 
and  High  Commissioner  of  South  Africa;  and 
Lord  Kitchener  was  a  cavalry  major  in  Egypt, 
after  a  spell  of  obscure,  if  useful,  survey  work 
in  Cyprus. 

No  earnest  worker  need  fear  that  his  present 
task  is  fhiitless.  "Thoroughness  is  the  founda- 
tion of  success,"  says  one  of  America's  best 
business  men.  No  one  can  expect  real  success 
unless  he  is  now  laying,  by  fiuthfttlness  in  the 
present  little  things,  a  foundation  firm  enough 
to  stand  on  when  the  opportunity  comes 
to  reach  up  into  higher  spheres  of  action. 
Remember  that  fifteen  years  hence  will  proba- 
bly have  brought  you  your  opportunity,  and 
be  always  now  doing  your  duty  and  thus 
preparing  for  your  future. 


Censure  and  criticism  never  hurt  anybody. 
If  £edse,  they  cannot  harm  you  unless  you  be 
wanting  in  character;  and  if  true,  they  show  a 
man  his  weak  points  and  forewarn  him  against 
failure  and  trouble.— Tf.  E.  Gladstone. 


'*Live  well,"  says  Milton;  "how  long,  how 
short,  permit  to  heaven. 
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A  RAILROAD  MAN^S  ADVICE 


Mr.  R.  H.  BowTon,  recently  elected  to  the 
responsible  position  of  general  superintendent 
of  the  St.  Louis  Southwestern  Railroad,  was 
bom  in  England  in  1858,  where  he  received 
a  good  public-school  education.  At  the  age  of 
sixteen  he  settled  down  to  business  as  the 
juiiior  clerk  in  a  large  firm  of  public  account- 
ants in  London,  with  whom  he  remained  for 
two  years. 

In  1876  Mr.  Bowron  came  to  America  and 
entered  the  railroad  business  at  Pittsburg  in  a 
line  of  work  through  which 
many  prominent  men  have 
risen— as  telegrapher  in  the 
employ  of  the  Western 
Union  Telegraph  Company. 
He  rose,  through  work  in 
the  railroad  supply  busi- 
ness and  a  position  as  chief 
derk  to  the  superintendent 
of  a  southern  railroad,  to 
be  superintendent  of  the 
Chattanooga  Union  Rail- 
road, a  position  which  he 
held  for  five  yean.  From 
1893  to  1806  he  was  again 
rising  through  the  positions 
of  chief  derk  and  train- 
master to  that  of  superin- 
tendent of  the  Montana 
Division  of  the  Great 
Northern  Railroad,  and 
filled  that  position  and  the 
superintendencies  of  other 
more  important  divisions 
until  October,  1899,  when 
he  accepted  service  with  the  St.  Louis  South- 
western Railroad— the  familiar  ''Cotton  Belt 
Route"— as  superintendent  of  a  division.  In 
March  of  the  present  year  he  was  promoted  to 
the  post  of  the  general  superintendency  of 
that  important  southern  railroad. 

Men  who  have  had  to  rise  without  the  ad- 
vantages of  a  thorough  technical  education  are 
unanimous  as  to  its  desirability.  No  help  to  ad- 
vancement is  so  effectual  as  education,  whether 
secured  early  or  late  in  life.  All  successful  men 
are  agreed  that  those  who  wish  to  rise  in  life 
should  secure  all  knowledge  possible  pertaining 


R.  H.  Bowron, 

GmercU  Superintendent  qf  St.  Louis  SmUhxoestem 

Bailroad. 


to  their  business.  Speaking  of  the  value  of  edu- 
cation to  a  man  in  the  railroad  business,  Mr. 
Bowron  says:  "Education  has  been  of  the 
greatest  possible  assistance  to  me.  Without  this 
foundation,  very  few  young  men  can  realize 
their  ambitions.  In  the  present  day  a  very 
much  higher  standard  is  required  in  all  depart- 
ments of  railroading  than  was  necessary  a  few 
years  ago.  For  this  reason  my  advice  to  all 
young  men  would  be  to  acquire  as  good  a  gen- 
eral education  as  possible,  and  then,  as  soon  as 
they  have  dedded  what 
business  or  profession  they 
intend  to  follow,  to  acquire 
a  technical  education. 
There  are  too  many  young 
men  in  the  country  who 
have  a  general  knowledge 
of  many  branches  of  dif- 
ferent professions,  without 
being  competent  in  any 
one.  There  never  was  a 
truer  sa3ring  than  that 
'There  is  always  room  at 
the  top,'  and  t^e  top  can 
be  reached,  in  the  vast 
majority  of  cases,  only  by 
having  made  a  doee  study 
of  some  one  branch  of  the 
business.  For  men  that 
have  done  this  there  is 
always  room  at  the  top. 

"I  ascribe  my  own  suc- 
cess mainly  to  the  fact  that 
I  have  always  tried  to 
watch  my  employer's  inter- 
ests, r^ardless  of  the  work  involved.  Loyalty 
in  this  respect  always  results,  sooner  or  later,  in 
gaining  the  confidence  of  the  man  employing 
you,  and  this  in  turn  will  assure  permanent 
advancement." 


"  Knowledge  cannot  be  stolen  from  us,''  says 
Elihu  Burritt,  the  learned  blacksmith.  "It  can- 
not be  bought  or  sold.  We  may  be  poor,  and  the 
sheriff'  may  come'and  sell  our  ftirniture,  or  drive 
away  our  cow,  or  take  our  pet  lamb,  and  leave  us 
homeless  and  penniless;  but  he  cannot  lay  the 
law's  hand  upon  the  jewelry  of  our  minds." 
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THE  POOR  MAN^S  CHANCE 

By  EzSbnatob  John  J.  Ingalub 


One  sammer  eyening  in  pensive  thought  I 
wandered,  fifty  odd  yeans  ago,  with  a  school- 
mate under  the  *'  batterwoods/'  in  Haverhill, 
on  the  shore  of  the  moonlit  Merrimac. 

We  talked  long,  as  thoughtftd  schoolboys 
will,  of  the  mysteries  of  the  universe  and  the 
enigmas  of  destiny.  To  our  defective  forecast 
the  future  appeared  dark,  troubled,  and  uncer- 
tain. Time's  golden  age  was  behind.  The 
battle  for  fame  and  fortune  was  more  desperate. 
We  did  not  know,  we  could  not  know,  no 
one  knew,  that  we  were  standing  at  the  portal 
or  the  threshold  of  the  most  marvelous  age  of 
the  world's  history;  an  age  of  such  incredible 
achievements  in  science,  war,  wealth,  luxury, 
and  national  power,  growth,  and  glory,  that  by 
comparison  the  most  exaggerated  fables  of 
fiction,  the  lamp  of  Aladdin,  the  purse  of 
Fortunatus,  the  philosopher's  stone,  seem  like 
the  trivial  commonplaces  of  the  nursery,  and 
the  wildest  hyperbole  becomes  tame  and 
prosaic. 

Looking  backward  across  the  years  since  that 
moonlight  stroll  on  the  banks  of  the  enchanted 
river,  I  do  not  see  that  I  have  been  denied  any 
right,  privil^e,  or  opportunity  enjoyed  by  those 
who  have  drawn  the  great  prizes  in  the  lottery 
of  life— we  all  had  the  same  chance.  If  laws 
were  unjust,  all  alike  were  their  victims.  If 
statutes  were  beneficent,  none  were  debarred 
their  advantage.  Those  who  climbed  the  high- 
est began  lowest.  None  were  favored  by  legis- 
lation or  infiuence. 

Lincoln  and  Grant,  neither  suspected  of 
greatness,  were  waiting  in  homely  indigence 
the  summons  that,  ten  years  later,  was  to  call 
them  to  immortal  fame.  Edison,  the  mightiest 
magician  of  the  forces  of  nature,  was  a  tramp- 
ing telegrapher.  Carnegie  was  a  messenger  boy 
in  Pittsburg.  Huntington  was  selling  picks, 
nails,  and  horseshoes  in  Sacramento.  Jay  Gould 
was  a  book  agent  in  Delaware  County.  The 
Rockefellers  and  the  mob  of  plutocrats  that 
excite  the  envy  and  arouse  the  indignation  of 
those  who  have  failed,  all  began  in  the  lowest 
and  humblest  ways  of  life. 

I  had  the  same  chance,  and  every  boy  of  that 
time  had  the  same  chance.    The  world  was  all 


before  me  where  to  choose,  and  Providence  my 
guide.  I  had  the  right  to  build  railroads  or  to 
go  into  Wall  street  and  wreck  them;  to  invent 
the  telephone;  to  write  Uncle  Tom's  Cabin;  to 
mine  for  gold  or  silver;  to  concoct  patent  medi- 
cines; to  comer  i>etroleum;  to  bull  pork  and 
wheat,  like  my  contemporaries.  The  only  thing 
I  lacked  was  brains.  I  didn't  know  how;  so  I 
went  west  and  helped  lay  the  foundations  and 
build  the  superstructure  of  the  great  empire  of 
the  Northwest,  and  thus  missed  the  whole  show. 

What  chance  has  the  poor  man  in  19007 
About  the  same,  I  should  say,  he  had  fifty 
years  ago.  In  some  ways  rather  better  if  he 
can  adapt  himself  to  the  changed  conditions  of 
society.  Many  avenues  open  then  are  now 
shut.  Many  opportunities  once  free,  no  longer 
exist  Competition  is  more  selfish  and  strenu- 
ous, but  the  world  was  never  so  ready  as  now 
to  pay  for  what  it  wants.  There  has  been  no 
time  when  the  man  or  woman  who  can  do  any- 
thing better  than  anybody  else  was  so  sure  of 
instant  recognition  and  remuneration. 

Paderewski  and  Irving  have  just  sailed  away 
with  fortunes  earned  by  a  few  months  of  pro- 
fessional exhibition.  Mme.  Nordica  received  a 
thousand  dollars  for  singing  two  songs  that 
occupied  ten  minutes,  while  an  equally  meri- 
torious seamstress  earns  twenty-five  cents  for 
ten  hours'  repulsive  toil  in  a  sweatshop.  Kip- 
ling gets  more  for  a  stanza  than  Milton  did  for 
the  copyright  of  **  Paradise  Lost."  Millet  and 
Meissonier  derived  from  the  brush  and  the 
palette  the  revenues  of  the  treasuries  of  king- 
doms. 

The  poor  man's  chance,  then,  depends  very 
much  on  what  the  poor  man  has  to  sell.  If  his 
stock  in  trade  consists  of  untrained  muscle,  a 
dull  brain,  and  sullen  discontent,  he  will  work 
for  wages,  dine  from  a  tin  bucket  when  the 
noon  whistle  blows,  and  die  dependent  or  a 
mendicant.  If  he  have  courage,  industry,  en- 
terprise, foresight,  and  the  willing  mind,  he 
will  gain  competence  or  fortune.  He  will 
establish  his  family  in  comfort,  educate  his 
children,  and  accustom  them  to  the  environ- 
ment of  refined  habits,  which  after  all  is  the 
best  of  life. 


Digitigod  la^ 


Google 


SELF'BEXP 


THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS,  SCRANTOK.PA. 


The  real  difEerenoe  in  men  is  not  in  want 
of  opportanity,  bat  in  want  of  capacity  to 
discern  opportunity  and  power  to  take  advan- 
tage of  opportunity. 

This,  at  least,  is  certain,  that  in  1950  the 
celebrated  scholars  and  teachers,  the  learned 
divines,  the  eloquent  orators  and  statesmen, 
the  foremost  legislators 
and  judges,  the  Presi- 
dent, who  will  have  been 
inaugurated  the  year 
before,  the  great  authors 
and  poets  and  philos- 
ophers, the  inventors  and 
merchants  and  lords  of 
finance  will  be  men  who 
are  now  young,  poor,  and 
obscure,  striving  against 
obstacles  that  seem  in- 
superable to  enter  in  at 
the  straight  gate  that 
leads  to  fame  and  fortune. 
:^8ociety  is  reenforced 
from  the  bottom,  and  not 
from  the  top.  Families 
die  out,  or  fortunes  are 
dispersed,  the  recruits 
come  from  the  farm,  the 
forge,  and  the  workshop, 
and  not  from  the  club  and 
the  palace.  Those  who 
will  control  the  destinies 
of  the  twentieth  century 
are  now  boys  wearing 
homespun  and  hand-me- 
downs,  and  not  the  gilded 
youth  clad  in  purple  and 
fine  linen,  and  fieuring 
sumptuously  every  day  at 
Sherry' s  and  Delmonico*  s. 
This  is  the  poor  man's 
chance.  It  is  open  to  all  comers.  It  is  not  a 
matter  of  law,  or  statute,  or  politics. 

A  NE  V  ELEVATOR  SAFETY  CUSHION 

One  has  only  to  scan  the  daily  papers  to  read 
of  elevator  accidents  and  to  realize  the  necessity 
of  a  reliable  elevator  stop  to  prevent  fattd 
accidents.  A  Kansas  City  man  has  invented  a 
new  and  practical  pneumatic  cushion  for  eleva- 
tors, which,  under  severe  tests,  has  proved  its 


Elevator  Cushion  Stop. 
Invented  by  an  I.  C.  S.  StudenL 


ability  to  bring  the  falling  cage  to  a  gradual 
stop,  no  matter  what  the  speed  of  the  descent 
may  be. 

The  device  is  identical  in  principle  with  the 
small  air  cushions  in  common  use  to  prevent 
the  slamming  of  heavy  doors,  and  is  the  inven- 
tion of  Mr.  E.  S.  Miller,  a  student  in  The 
International  Corre- 
spondence Schools. 

This  stop  does  not  inte^ 
fere  in  any  way  with  the 
r^^ular  running  of  the 
elevator.  It  is  simple, 
strong,  and  durable,  of 
inexpensive  construction, 
and  may  be  mounted  in 
proper  position  with  little 
difficulty.  It  consists  of 
a  pneumatic  cylinder 
mounted  vertically  and 
centrally  in  the  shaft  and 
extending  upward  toward 
the  lowest  stopping  place 
of  the  elevator.  The 
lower  end  is  dosed  by  a 
flange  held  firmly  in  place 
by  heavy  bolts  extending 
through  the  foundation. 
A  rod  about  the  same 
length  as  the  pneumatic 
tube  and  running  verti- 
cally downward  is  bolted 
rigidly  in  the  center  of 
the  bottom  of  the  cage. 
At  its  lower  end  is  a 
piston  fitting  snugly  in 
the  tube  when  the  car 
passes  lower  than  its  low- 
est regular  stopping  place. 
The  tube  is  flared  at  the 
top,  to  insure  the  proper 
entry  of  the  piston.  It  is  also  provided  with 
two  automatic,  adjustable  exhaust  outlets,  one 
above  the  other,  to  permit  first  the  rapid  and 
then  the  slow  escape  of  air. 

The  device  causes  a  gradual  stoppage  of  the 
cage,  as  when  the  piston  first  enters  the  tube 
it  has  a  double  exhaust,  but  soon  passes  the 
first  outlet  Then,  when  the  force  of  the  £all  ia 
broken,  there  is  a  greater  compression  of  enclosed 
air  and  cage  settles  gradually  to  a  stop. 


Goodie 
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EDUCATION  THE  BEST  ASSET 


Next  to  Character,  said  the  Hon.  Timothy 
L.  Woodruff,  in  a  recent  address,  a  man  or 
woman's  best  [asset  is  Education;  and  the 
broader,  and  better,  and  deeper  it  is,  the  more 
truly  and  sorely  can  he  or  she  resist  the  perils 
which  in  these  days  of  fear  and  sophistry 
present  themselves  to  him  or  her  in  all  the 
walks  of  life.  A  trained  intellect  is  of  ines- 
timable value,  whether  its  energies  are  to  be 
devoted  to  legal  and  philosophical  pursuits  or 
the  activities  of  commercial  or  mechanical  life. 

As  a  practical  business  man,  let  me  talk 
plainly.  Above  all  things,  never  be  lazy-— to 
the  lazy  every  petty  cross  that  unpedes  his 
onward  path  is  Fate.  Fate  is  as  much  cursed  by 
the  indolent  as  Luck  by  the  envious.  In  the 
palmy  days  of  youth,  when  it  is  natural  to  be 
active,  one  should  put  forth  his  best  endeavor. 

The  most  important  thing  in  business  life  is 
to  make  a  good  start  by  carefully  determining 
what  one's  capabilities  best  fit  him  to  perform. 
If  you  have  not  the  proper  qualifications  to 
make  a  first-class  bookkeeper,  do  not  try  to 
keep  books;  and  if  you  have  not  an  adaptability 
for  stenography  and  typewriting,  leave  short- 
hand and  the  typewriting  machine  alone.  If 
you  find  that  you  lack  that  peculiar  charac- 
teristic ordinarily  termed  magnetism,  whereby 
one  is  able  to  control  men,  do  not  take  a  posi- 
tion as  a  salesman,  and  unless  you  have  a 
natural  instinct  for  barter  and  a  thorough 
knowledge  of  the  value  of  a  dollar,  do  not  be  a 
buyer.  When  you  have  decided  what  kind  of 
a  position  you  are  best  qualified  for,  and  enter 
upon  your  life-work,  keep  your  eyes  and  ears 
open.  When  you  are  going  about,  make  all 
the  good  acquaintances  you  can,  and  learn  how 
others  have  succeeded.  Do  not  build  air  castles 
or  play  the  part  of  a  wool  gatherer,  but  si>end 
your  time  in  observing  everything  about  you, 
even  if  you  do  no  more  than  familiarize  your- 
self with  the  location  of  streets  and  places  of 
business,  so  that  when  you  are  sent  out  by 
your  employer  you  can  perform  an  errand 
quickly.  I  know  a  young  man  who  got  a  place 
at  a  few  dollars  per  week,  and  laid  the  foundation 
of  a  successful  business  career  by  happening  to 
notice  a  sign  across  a  building, ''  To  rent."  The 
owner  of  the  warehouse,  whose  name  was  on 
the  sign,  happened  to  be  the  fkther  of  one  of 


the  young  man's  coU^^  friends,  and  through 
this  relationship  he  became  the  lessee  of  the 
property.  Had  he  not  noticed  that  sign,  no 
similar  opportunity  might  ever  have  presented 
itself  to  him.  In  fieust,  in  nothing  is  the  old 
adage  that '  *  Great  oaks  from  little  acorns  grow ' ' 
more  true  than  it  is  in  the  grasp  of  opportunities 
in  business.  One  can  never  afford  to  let  even  a 
single  opportunity  slip.  You  never  know  which 
one  may  be  ike  opportunity  of  a  lifetime.  Then, 
too,  it  is  much  more  difficult  after  the  loss  of 
one  to  secure  and  utilize  another  opportunity. 
For  these  reasons  I  uige  you  to  put  forth  your 
best  endeavors  in  the  first  position,  the  duties 
of  which  are  entrusted  to  your  care.  Put  up 
with  almost  any  inconvenience  or  discomfort 
from  irritating  surroundings  rather  than  run 
the  risk  of  being  a  rolling  stone.  Acquire  the 
characteristic  quality  of  the  postage  stamp— to 
stick  tiU  it  gets  there.  While  you  are  at  work 
do  not  let  your  mind  be  diverted  to  thoughts  of 
pleasure,  and  when  you  are  taking  pleasurable 
recreation,  do  not  think  of  business.  In  other 
words,  work  hard  and  play  hard. 

The  real  secret  in  commercial  life  is  embodied 
in  a  willingness  and  an  effort  to  do  something 
more  than  merely  routine  work  of  one's  posi- 
tion. Zeal  attains  the  zenith  I  The  truly  suc- 
cessful men  and  women  are  not  in  the  class  of 
those  who  simply  do  satisfactorily  the  work  as- 
signed to  them.  It  is  the  man  or  woman  who 
shows  a  disposition  to  avail  himself  or  herself  of 
every  opportunity  to  do  work  that  some  one 
above  him  or  the  employer  would  perhaps  have 
to  do,  that  is  on  the  high  road  to  success. 

I  sincerely  believe  that  the  ftiture  of  our 
country  lies  in  the  thorough  education  of  her 
people,  and  that  not  only  the  schools  which 
teach  the  absolutely  necessary  elementary  sub- 
jects, but  also  the  places  of  technical  education 
whose  work  it  is  to  broaden  his  ideas  and  give 
him  new  lines  of  thought,  are  the  means  t6  attain 
that  end.  Surely  the  graduate  of  the  business 
or  technical  school,  with  ail  the  benefits  of  the 
greatest  economists,  and  the  practical  applica- 
tion of  those  theories,  ought  to  be  able  to  enter 
the  arena  of  practical  life,  better  armed  to 
carry  on  the  battle  of  life,  and  at  the  same  time 
more  thoroughly  equipped  to  defend  and  pro- 
mote the  institutions  of  his  country. 
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INSTALLED  BY  A  CORRESPONDENCE  STUDENT 


The  accompanyiDg  illastration  is  a  photo- 
graph of  the  electric  light  plant  of  WalseDburg, 
Colorado,  recently  installed  by  Mr.  Fred  E. 
Ramsay,  Superintendent  of  the  Walsenbnrg 
Electric  Light  Company  and  a  student  in  The 
International  Correspondence  Schools.  The 
plant  uses  llO-horsepower  high-speed  engines 
with  190  horsepower  boilers,  comprising  a  100- 
horsepower  Heine  water-tube  boiler  and  a 
90-horBepower  return-tubular  boiler. 

In  his  boyhood,  Mr.  Ramsay  had  no  oppor- 
tunity to  get  an  education.  When  but  seven 
years  of  age  he  went  to  Colorado  with  his 
parents.  In  those  days 
schools  were  few  and 
&r  between,  and  the 
chances  for  Colorado 
boys  getting  a  good 
schooling  were  very 
slim.  Young  Ramsay 
got  but  little  benefit 
from  what  little  school- 
ing he  had,  for  there 
were  but  four  months 
of  school  during  the 
year  and  he  had  to 
walk  three  miles  across 
the  prairie  to  reach  the 
little  cabin  where  school 
was  held. 

At  the  age  of  eighteen 
he  decided  to  become 
an  engineer,  obtained 
employment  in  a  round- 
house on  the  Chicago, 
Burlington  <&  Quincy  Railroad,  and  then  urorked 
himself  up  from  wiper  to  engineer. 

In  1888  he  left  the  railroad  to  accept  a  position 
as  engineer  of  an  electric-lighting  plant,  where 
he  soon  discovered  that  a  man  with  little  educa- 
tion, however  ambitious  he  might  be,  had  a  very 
limited  field  in  which  to  work,  and  could  not 
compete  with  men  of  fairly  good  education. 

Mr.  Ramsay  was  about  to  return  to  railroad- 
ing, but  happened  to  state  his  case  to  a  friend, 
who  advised  him  to  try  a  course  of  study  in 
a  correspondence  school  before  relinquishing 
his  position.  Before  accepting  this  advice  he 
was  doubtful  about  its  expediency,  but  today 
expresses  as  his  opinion  that  *'  The  new  system 


of  education  is  the  grandest  thing  ever  place d 
within  the  reach  of  working  men."  Through 
his  Course  in  Electric  Power  and  Lighting  he 
has  not  only  risen  to  be  superintendent  of 
the  Walsenburg  plant,  but  has  invented  and 
obtained  United  States  Patents  on  two  ingen- 
ious devices  for  regulating  incandescent  electric 
lamps,  and  declares  that  '*Had  it  not  been 
for  the  Schools  and  the  successful  methods  of 
teaching  employed  by  them,  I  could  never  have 
perfected  either  of  my  inventions.'' 

ROTHSCHILD  ON  SUCCESS. 


Electric  Light  Plant  Ikstallkd  by  Mr.  Fred  E. 
Rahbat,  an  I.  C.  S.  Student. 


In  one  of  the  private 
letters  of  the  late  Al- 
phonse  de  Rothschild, 
these  maximB  of  success 
of  the  great  house  of 
Rothschild  are  found: 
Carefully  examine 
every  detail  of  your 
business. 

Be  prompt  in  every- 
thing. 

Take  time  to  consider, 
but  decide  positively. 
Dare  to  go  forward. 
Bear  troubles  patient- 
ly. 

Be  brave  in  the  strug- 
gles of  life. 

Maintain  your  integ- 
rity as  a  sacred  thing. 

Never  tell  business 
lies. 

Make  no  useless  acquaintances. 
Never  appear  something  more  than  you  are. 
Pay  your  debts  promptly. 
Shun  strong  liquor. 
Employ  your  time  welL 
Do  not  reckon  upon  chance. 
Be  polite  to  everybody. 
Never  be  discouraged. 

Then  work  hard,  and  you  will  be  certain  to 
succeed. 


'"Idleness,"  remarks  Feltham,  <<is  the  most 
corrupting  fly  that  can  blow  on  the  human 
mind.  Men  learn  to  do  iU  by  doing  what  is 
next  to  it — ^nothing." 
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THE  MECHANICS  OPPORTUNITY 

By  John  Hrkby  Barr,  M.  S.,  M.  M.  £.,  Professor  of  Machine  Design  at  Cornell  Universitt, 

Ithaca,  N.  Y. 


It  no  doubt  requires  much  energy  and  per- 
seyentnce  to  do  real  studying  after  a  hard  day's 
work  in  the  shop  or  engine  room,  but  those 
who  have  the  physical,  mental,  and  moral 
strength  can  certainly  derive  great  benefit  from 
such  courses  as  can  be  conducted  by  correspond- 
ence. 

I  am  not  one  of  those  who  consider  a  tech- 
nical-school education  as  absolutely  essential 
to  a  creditable  engineering  career.  I  have  seen 
too  many  snocessAil  engineers  who  have  given 
themselves  an  education,  to  hold  such  views; 
there  is  no  question  but  that  the  man  with 


the  scientific  training  is  more  in  demand  than 
ever  before,  and  he  who  lacks  such  advantages 
will  be  greatly  handicapped  in  the  future. 
With  the  correspondence  school  ready  to  help 
him,  the  ambitious  young  mechanic  who  cannot 
go  to  coU^^  has  a  means  of  advancement  within 
his  reach.  What  he  gets  out  of  it  rests  largely 
with  himself. 

I  have  frequently  expressed  an  opinion  simi- 
lar to  the  above,  when  questioned  by  men  who 
were  thinking  of  taking  a  correspondence 
course,  and  have  recommended  it  to  those  who 
have  the  grit  to  drive  themselves. 


USE  YOUR  MINUTES 


Comparatively  few  men  have  an  adequate 
idea  of  what  can  be  accomplished  in  their  odd 
moments.  Self-improvement  is  an  up-hill  fight, 
but  there  is  not  the  man  living  who  cannot  win 
if  he  looks  after  the  minutes.  The  results  that 
pile  up  through  careful  use  of  time  are  well  illus- 
trated in  the  following  conversation  recently 
reported  in  the  New  York  Mail  and  Express: 

"  I  can't  do  it.    I  haven't  time  enough." 

"  Yes,  you  have." 

'*!  don't  see  how  you  make  that  out,"  re- 
plied the  first  speaker,  who  was  discussing  with 
a  friend  the  advisability  of  taking  up  a  certain 
course  of  scientific  study.  ''  I  work  at  my  desk 
in  the  office  from  9  o'clock  to  5  o'clock  every 
day  except  Sunday;  and  I  must  take  recreation 
in  the  evening." 

''I'll  prove  to  you  that  you  can.  You  get  up 
at  6  o'clock,  say,  have  breakfast  at  7,  and  finish 
at  7.30.  That  gives  you  an  hour  to  study  before 
going  to  work.  You  have  an  hour  for  your 
luncheon,  and  then  you  manage  to  spend 
another  hour  every  afternoon  over  your  pipe 
and  newspaper,  don't  you?" 

"  Yes." 

"  With  less  time  than  that  Garfield  became  a 
classical  scholar,  Gladstone  became  one  of  the 
mostly  widely  read  men  in  the  world,  Disraeli 
made  himself  a  famous  author,  and  Edwin 
Arnold  wrote  his  *'  Light  of  Asia.' " 

"  Yes,  but  they  were  men  of  genius." 


"True;  the  genius  of  hard  work.  I  will  cite 
another  case  of  which  I  have  a  personal  knowl- 
edge. Some  years  ago  I  knew  a  bright  young 
man  named  Leslie  Bulgrove.  He  was  post-office 
derk  in  Indianapolis,  Indiana.  He  was  one  of 
the  most  accomplished  men  I  ever  saw.  He 
devoted  his  three  hours  of  leisure  every  day  to 
various  pursuits.  He  divided  them  with  un- 
varying method.  The  following  is  what  he  did 
in  five  years:  He  read  and  committed  to  mem- 
ory all  of  Shakespeare's  plays.  He  could  read 
Latin,  Greek,  and  French  fiuently.  He  was 
an  expert  fiute  player.  He  was  one  of  the  best 
natural  historians  I  knew.  In  addition  to  this 
he  was  proficient  in  every  line  of  fencing  and 
marksmanship,  and  although  he  did  not  weigh 
more  than  130  pounds,  he  could  strike  a  ninety- 
pound  blow  with  his  fist.  He  simply  in  turn 
devoted  half  an  hour  a  day  to  each  sut^'e^^.  He 
kept  this  up  unremittingly  for  five  years,  and 
finally  attained  such  a  degree  of  proficiency  in 
each  that  he  might  have  been  called  a  master. 
The  secret  of  his  success  was  hard  work.  He 
wasted  no  time.  It  is  true  that  he  might  have 
devoted  his  time  to  more  profitable  studies;  and 
had  he  done  so  he  might  have  made  a  great 
name  for  himself.  I  only  instance  his  case  to 
show  you  that  you,  and  almost  every  man  of 
your  acquaiutance,  waste  enough  time  every 
day  to  make  you  great  should  you  devote  it  to 
its  proper  use." 
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THE  TRAINING  OF  YOUNG    MEN   FOR 
MECHANICAL  WORK 

By  Liect.  Jambs  Blakb  Cahoon,  Consulting  Enginrbr 

Lient.  Jftmes  Blake  Cahoon,  of  Syracose,  N.  Y.,  the  aathor  of  this  article,  is  one  of  the  best-known  men  in  the 
electrical  industries,  being  President  of  the  National  Electric  Light  Association  and  member  of  both  the  American 
Institute  of  Electrical  Engineers  and  the  American  Society  of  Mechanical  Engineers.  Mr.  Gaboon  has  had  much 
experience  of  a  practical  nature,  being  known  both  as  a  carefUl  man  of  affairs  and  popular  with  all.  Throogboot 
his  career  he  has  served  in  responsible  positions,  and  has  uniformly  acquitted  himself  with  credit  wherever  his 
counsel  or  his  active  cooperation  has  been  asked  for.  He  makes  a  specialty  of  plans  and  specifications  fbr  and 
construction  of  electric,  gai*,  water,  and  street-railway  plants  and  their  economical  combination;  of  isolated  and 
long-distance  transmission  plants;  the  remodeling  of  factories  and  plants;  investigations  and  reports  for  financial 
institutions  and  municipalities;  expert  testimony,  and  the  management  of  properties. 


Some  little  time  ago  I  had  occasion  to  visit 
one  of  the  larger  all-round  machine  shops  where 
general  manufacturing  and  repair  work  was 
done,  and  the  question  of  apprentices  came  up 
for  discussion  with  the  manager  of  the  shop. 
He  said  that  he  had  very 
few  applications  from  young 
American  boys  to  learn  the 
machinist's  trade,  and  that 
at  least  seventy-five  per  cent, 
of  the  applicants  were  for- 
eigners. This  carried  me  back 
to  the  days  when  I  was  man- 
ager of  the  expert  depart- 
ment of  the  old  Thomson- 
Houston  Company,  when  we 
took  young  men  into  the 
works  and  gave  them  a  prac- 
tical training  in  order  that 
they  might  go  out  as  ex- 
perts and  install  electrical 
apparatus.  There  the  con- 
ditions were  just  reversed,  for 
fully  ninety  per  cent,  of  the 
applicants  were  American.  As  opportunity  has 
afforded,  I  have  been  looking  into  this  question, 
and  I  find  that  the  experience  of  the  machine 
shop  in  question  is  not  exceptional.  The  Ameri- 
can boy,  as  a  general  rule,  seems  inclined  to  avoid 
the  trades,  and  is  striving  for  either  a  collegi- 
ate education  or  a  mercantile  life.  The  United 
States  leads  the  world  today  in  manufacturing 
industries,  and  it  has  reached  this  high  plane 
by  reason  of  the  dexterity  and  skill  which  the 
American  has  shown  in  various  lines  of  trade,  in 
inventing  machines  which  do  the  work  of  many 
and  cheapen  the  cost  of  production  to  such  an 
extent  as  to  enable  our  people  to  pass  other  na- 
tions in  the  race  for  manufacturing  supremacy. 


Lieut.  James  Blake  Cahoon. 


Germany,  England,  and  France  are  today  fieur 
in  advance  of  this  country  in  the  matter  of 
trade  schools  and  the  education  and  training  of 
their  young  men  for  the  trades.  We  are  juf  t 
beginning  to  agitate  the  question  here,  and  it 
is  being  forced  home  to  our 
convictions  that  unless  we 
speedily  take  some  active 
steps  in  the  matter  the  next 
generation  will  see  the  pres- 
ent status  reversed.  I  believe 
it  would  be  a  meet  excellent 
thing  for  this  country  if  every 
young  man  were  required  to 
learn  a  trade,  even  if  he  did 
not  follow  it  subsequently. 
Many  of  the  leading  profes- 
sors in  our  educational  insti- 
tutions hold  to  the  idea  that 
the  learning  of  a  trade  is  not 
at  all  necessary,  and  particu- 
larly is  it  unnecessary  where 
an  engineering  education  is 
to  be  given  a  young  man. 
They  hold  that  the  machinist  belongs  on  one 
level,  that  the  mechanical  engineer  belongs  on 
a  higher  and  broader  level,  and  that  there  is  no 
passing  from  one  level  or  stratum  to  the  other. 
Some  years  ago  I  wrote  an  article  for  one  of 
the  electrical  magazines  on  the  training  of  the 
electrical  engineer,  and  in  it  I  stated  that  the 
experience  I  had  in  dealing  with  the  graduates 
of  our  colleges  and  technical  schools  taught  me 
that  there  was  something  radically  deficient  in 
the  methods  of  teaching  in  vogue,  for  with  the 
exception  of  those  from  a  single  institution, 
there  was  not  one  whom  I  could  trust  to  go 
ahead  and  lay  out  a  piece  of  work  and  do  it 
They  seemed  to  have  little  or  no  conception 
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of  the  ofle  of  tools  and  what  could  be  done 
with  them,  and  I  strongly  advocated  that  more 
attention  be  paid  to  practical  work  and  careful 
instruction  be  given  in  the  use  of  shop  tools. 

In  reference  to  electrical  engineers,  I  stated 
in  that  paper  as  follows:  ''Perhaps  the  best 
course  of  instruction  in  practical  work  that  could 
be  given  would  be  to  give  the  students,  three  or 
four  hours  a  week,  instruction  in  wood- working 
machine  tools,  etc.,  at  the  same  time  providing 
for  a  course  of  lectures  by  the  leading  foreman 
of  some  large  machine  or  electrical  works  that 
may  chance  to  be  near  by,  and  then  supple- 
menting this  by  having  the  students  placed, 
eay  for  two  months  each  summer,  at  some  elec- 
trical works  where  they  could  take  a  portion  of 
the  student  course  as  given  in  such  works." 
This  student  course  would  include  practical 
work  in  making  the  parts,  assembling,  and 
testing  machines. 

This,  however,  applied  only  to  young  men 
who  were  taking  a  college  course  in  engineering. 
The  majority  of  our  young  men  are  unable  for 
various  reasons,  the  one  of  expense  largely  pre- 
dominating, to  take  a  college  course  if  their 
inclinations  lead  them  toward  the  mechanical 
trades  or  engineering.  We  want  today  bright 
American  young  men  as  machinists;  we  want 
them  as  foremen  and  as  draftsmen  in  our  works 
and  in  our  patent  offices.  Only  the  other  day 
a  patent  lawyer  who  has  an  office  near  mine 
stated  that  it  was  almost  impossible  to  get  a 
good  American  draftsman  for  his  work.  He 
said  what  he  particularly  wanted  was  some 
good,  bright  young  fellow  who  would  get  hold 
of  the  idea  of  a  patent  and  work  it  out  without 
running  to  him  every  minute  and  asking  a 
million  questions. 

A  man  known  to  be  a  first-class  mechanic, 
who  can  be  relied  upon,  is  a  valuable  addition 
to  any  community  and  is  respected  by  every- 
body, and  young  Americans  make  no  greater 
mistake  than  to  think  for  a  moment  that  they 
are  lowering  themselves  in  any  way  by  learning 
a  trade.  I  have  often  heard  men  who  are  clerks 
in  stores  spoken  of  in  a  contemptuous  way, 
but  I  have  never  heard  a  first-class  mechanic 
spoken  of  in  other  than  terms  of  the  highest 
respect.  Why,  then,  should  the  American  boy 
think  it  beneath  him  to  learn  a  trade?  Are 
they  not  making' the  greatest  mistake  in  the 
world  when  they  think  in  this  manner? 


Success,  in  the  trades  as  in  everything  else 
in  life,  means  work,  attention  to  details,  and 
willingness  to  work  for  the  interests  of  the 
employer  at  all  times.  In  other  words,  if  a 
young  man  goes  into  a  shop,  takes  an  interest 
in  learning  a  trade,  and  works  for  the  interest 
of  his  employer,  he  is  bound  to  succeed.  Suc- 
cess does  not,  however,  lie  before  the  young 
man  who  thinks  he  must  go  to  balls  and  parties 
and  be  away  for  a  good  time,  be  in  at  his  work 
late  in  the  morning,  and  be  careless  and  indifier- 
ent  in  the  way  he  does  that  work.  Let  him 
work  first  to  learn  his  trade  thoroughly,  then 
supplement  it  by  education  through  home 
study,  and  it  will  be  found  that  the  young  man 
who  follows  this  rule  will  speedily  jump  to  the 
front  and  occupy  a  leading  position  in  the  trade 
he  has  followed. 

Many  young  men  have  asked  advice  as  to 
how  they  should  gain  additional  information 
in  their  particular  line  of  work.  They  say 
frankly  that  they  cannot  afford  to  go  to  a  col- 
lege and  spend  the  time  and  money  neceissary 
to  take  a  collie  course,  and  although  they  take 
one  or  more  technical  papers  and  read  them 
carefully,  and  study  such  books  as  seem  to  bear 
on  the  subject,  they  do  not  make  the  progress 
they  want.  To  these  I  reply— and  I  know  of 
many  others  who  have  told  young  men  the 
same  thing — that  by  taking  a  course  of  instruc- 
tion from  one  of  the  correspondence  schools, 
they  can,  by  devoting  even  an  hour  a  day  to 
the  work,  in  time  become  thoroughly  grounded 
in  the  line  of  work  which  they  are  following, 
and  have  the  great  advantage  over  the  college 
man  of  having  the  practical  experience  and 
knowing  just  what  they  want  to  get,  thus 
studying  intelligently  and  learning  in  a  way 
that  they  will  never  forget. 

One  of  the  best  mechanical  engineers  I  know 
of  in  the  United  States,  at  the  head  of  the 
mechanical  department  of  one  of  our  large 
manufactories,  cannot  write  ''M.  E.'^  after  his 
name,  because  he  never  had  a  day's  college 
education;  but  that  man  followed  just  the  course 
I  have  spoken  of,  and  when  it  comes  to  the 
settling  of  an  engineering  problem,  I  know  of 
no  man  today  whose  opinion  I  would  rather 
have  than  that  man's. 

And  so,  in  conclusion,  I  want  to  say  to  the 
American  young  men  of  today  who  would 
naturally  go  into  the  trades,  do  not  let  yourself 
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be  diverted  by  any  false  or  eentimental  ideas 
that  a  trade  is  not  an  honorable  occapation.  If 
you  think  you  are  naturally  fitted  for  a  par- 
ticular trade,  go  into  it  and  learn  it  thoroughly 
down  to  its  very  last  detail,  supplement  that 
with  careful,  intelligent  study  under  the  direc- 
tion of  some  good  correspondence  school,  put 
aside  frivolity,  and  work  with  the  distinct  end 
in  view  of  becoming  the  master  of  your  trade. 
If  you  will  do  this,  success  is  yours,  and  in 
benefiting  yourself  and  succeeding,  you  will 
benefit  the  whole  community,  and  in  so  doing 
will  do  your  share  toward  making  and  keeping 
our  country  the  greatest  manufacturing  country 
in  the  world. 


A  NEW  FRICTION  CLUTCH 


The  clutch  illustrated  here  was  invented  by 
Mr.  E.  J.  McCarthy,  of  Clinton,  Mass.,  a  student 
in  the  Complete  Mechanical  Course  of  The  Inter- 
national Correspondence  Schools. 

Some  of  the  principal  features  of  this  clutch 
are  that  the  construction  is  simple  and  of  great 


Friction  Clutch 
Invented  by  an  I.  C.  S.  Student 

Strength,  making  a  solid  connection,  holding 
the  sections  of  shafting  firmly  together,  and 
saving  all  loss  of  power.  Once  placed  in  posi- 
tion, it  requires  no  care  oif  setting,  and  is  easily 
operated  at  any  rate  of  speed.  Its  size  ranges 
from  six  to  forty-eight  inches  in  diameter  for 
from  four  to  one  thousand  horsepower.  It  is 
used  on  steam  engines,  waterwheels,  dynamos 
and  motors,  cotton  and  woolen  machinery, 
wood-working  machinery,  in  pumping  stations, 
and  other  places  where  power  is  used. 

Mr.  McCarthy,  the  inventor  and  owner,  has 
been  kept  busy  for  several  months  supplying 
the  market  with  the  new  clutch,  which  is 
meeting  with  great  success.  He  is  the  inventor 
also  of  a  machine  for  making  window  screens 
and  a  women's  brush  skirt  binding,  and  is 
steadily  rising  in  the  manufacturing  world,  in 
which  he  is  considered  a  mechanical  expert. 


From  his  Course  he  says  he  has  aecored 
many  ideas  that  he  has  put  into  his  inventions, 
and  without  which  he  would  many  times  be  at 
sea.  Before  enrolling,  he  was  unable  to  i>erfect 
anything,  but  has  since  gained  power  to  sac- 
cessfuUy  handle  his  inventions  in  person,  and 
secure  a  considerable  income  from  them. 


KILLING  TIME 


"When  I  was  a  boy  in  a  printer's  oflSce," 
says  Robert  Bonner,  "and  it  came  along  about 
three  o'clock  in  the  afternoon,  I  would  say  to 
myself,  'Suppose  the  proprietor  should  come 
up  where  we  were  at  work  and  say,  "  Robert, 
what  have  you  been  doing  today?"  what 
would  I  answer?' 

"  He  never  did  such  a  thing,  but  I  used  to 
reason  to  myself,  'Suppose  he  was  to  doit?' 
If  I  could  not,  with  pride  and  pleasure,  point 
to  what  I  had  been  doing,  I  would  pack  up  at 
six  o'clock  and  leave  the  place.  I  consider  that 
kind  of  spirit  is  an  element  of  success,  and 
there  is  always  room  for  men  who  show  that 
kind  of  disposition.  The  indolent  man,  who 
shiftlessly  goes  through  his  day's  work,  wfll 
never  reach  the  goal  of  success.  The  man  who 
is  constantly  watching  the  dock,  waiting  until 
it  shall  strike  six,  and  trying  to  '  kill  time  '— 
well,  it  will  not  be  long  before  time  will  kill 
him,  so  far  as  business  is  concerned." 


IN  ENGINEERING,  CHARACTER  LEADS 

"We  must  recognize  the  fact,"  says  Dr.  R. 
W.  Raymond  speaking  of  the  means  of  education 
in  technical  schools,  "that  individual  character 
i9,  after  all,  the  decisive  element  in  saooees. 
We  may  devise  plans  without  end  to  facilitate 
the  manufacture  of  successful  engineers,  bat  the 
men  who  have  fidelity,  honor,  virtue,  courage, 
and  that  genius  which  has  been  well  defined  as 
the  power  of  application,  will  make  their  way 
surely  to  the  top,  either  by  the  help  of  our 
arrangements  or  in  spite  of  them  all;  and  of  those 
born  and  bred  leaders  of  the  profe^on,  those 
who  have  the  broadest  culture,  other  thingn 
being  equal,  will  stand  easily  first." 


"Reputation,"  says  Lowell,  "is  in  itself  only 
a  farthing-candle,  of  wavering  and  uncertain 
fiame,  and  easily  blown  out;  but  it  is  the  light 
by  which  the  world  looks  for  and  finds  merit" 
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FROM  DRAFTSMAN  TO  GENERAL   MANAGER 


C.  H.  Bl^MRTROM 


The  twenty-page  illacitrated  catalogue,  just 
received,  of  the  Lake  Shore  Engine  Works, 
of  Marquette,   Mich.,  manufacturers   of  the 
"Superior"  gasoline   motors,  shows    vividly 
benefits  of  the  most  sub- 
stantial sort  accruing  to  a 
young  man  from  a  course 
of  study  persistently  fol- 
lowed out. 

The  brilliant  success  of 
Mr.  0.  H.  Blomstrom,  Di- 
rector and  General  Man- 
ager of  the  Lake  Shore 
Engine  Works,  should  be 
an  inspiration  to  all  who 
are  sacrificing  hours  of 
rest  and  recreation  in 
order  to  secure  in  a  technical  education  the 
means  by  which  to  push  to  the  front 

Mr.  Blomstrom  is  now  taking  the  Gas  Engines 
Course,  but  previously,  and  while  work- 
ing as  a  draftsman,  took  th^  C^jmplete 
Mechanical  Course.     Three  yt^rs  after 
enrollment,  he  invented,  in  Bpare  time} 
the  "Superior"  gas  engine.    The  com- 
pany with  which  he  was  connected,   rec- 
ognizing the   possibilities  of  their  em- 
ploye's invention,  then  reorganized,  and 
made  him  Director  and  General  Manager. 
It  has  a  capital  of  $100,000,  and  ia  very 
successfrd,    being  overrun  with  orders, 
making  gasoline  engines  for  both  atation- 
ary  and  marine  service. 
Their    double-cylinder 
marine  motors,  illustrated 
on  this  page,  are  so  com- 
pactly  built   as  to  be 
adapted  for  use  in  small 
boats  requiring  great  mo- 
tive power,  and  are  suc- 
cessfully applied  to   life 
boats.    The  United  States 
Government  has  recently 
adopted  the  "Superior" 
engine  for  its  life-saving 
service  on  the   Great 
Lakes.     "The   necessity 
for  a  life  boat  with  power 
has  long  been  recognized 
both  in  this  country  and 


in  Europe,''  says  Marine  Engineering,  in  a 
recent  issue,  "but  because  of  the  peculiar  work 
required  of  the  life  boat,  the  problem  has  been 
difficult  of  solution.  The  British  Royal  Life- 
Boat  Institution  has  been  working  on  this  prob- 
lem for  several  years,  with  doubtful  success, 
having  built  several  steam  life  boats.  But  a 
boat  with  steam  power,  if  capsized  and  rolled 
completely  over,  as  life  boats  frequently  are, 
would  have  but  little  assistance  from  its  engine 
afterwards.  Experiments  have  been  recently 
made  by  the  United  States  Life-Saving  Service 
with  the  *  Superior '  gas  engine  in  a  34-foot  life 
boat,  this  engine  being  selected  because  of  its 
lightness  per  horsepower,  simplicity  of  con- 
struction, compactness,  and  its  ability  to  run 
under  adverse  circumstances.  It  is  the  unani- 
mous opinion  of  the  officers  of  the  Service  that 
the  Service  would  have  a  very  valuable  auxil- 
iary by  the  general  adoption  of  the  'Superior' 

marine  engine." 
The    in  ari  d  e    endues 

are  all  of  tbe'two-cyde 


•SUPEKIOB" 


Double-Cylinder  8-Horsepoweb  Marine2 Motor 
Invented  by  an  J.  C.  S.  Student 
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type,  and  the  stationary  engines  of  the  four- 
cycle type.  Mr.  Blomstrom  has  produced  a 
neat,  simple,  symmetrical,  and  perfectly  propor- 
tioned motor.  It  uses  nothing  but  true  me- 
chanical motions,  without  small  or  intricate 
parts  liable  to  break  at  a  critical  moment  The 
engines  are  made  in  sizes  from  one-half  to  one 
hundred  hoiSepower,  and  include  many  ingen- 
ious devices  designed  to  secure  the  greatest  sim- 
plicity of  construction  and  the  least  possible 
number  of  parts. 


Another  ** Superior"  success  is  a  horizontal 
pumping  engine  for  land  service,  the  motor  and 
X>ump  being  both  combined  on  one  base. 

Mr.  Blomstrom  is  very  enthusiastic  over  the 
work  of  the  Schools,  and  says '' Withoat  the 
knowledge  gained  from  your  Course  of  atady, 
I  would  never  be  where  I  am  today."  He 
18  consequently  very  anxious  to  have  all  his 
employes  take  up  Courses  of  study,  and  is 
always  willing  to  give  students  the  first  chance 
for  promotion. 


A  REVEALER  OF  CHARACTER 


By  Fbbderick  E.  Bubnham 


Several  months  since  a  business  man  adver- 
tised for  "  a  man  willing  to  work. ' '  His  experi- 
ence with  the  applicants  for  the  position  is  best 
told  in  his  own  words. 

"  I  had  been  repeatedly  disappointed  in  those 
I  had  hired  in  the  past,"  said  the  merchant; 
''one  was  dishonest,  as  I  discovered  to  my 
cost,  another  was  not  punctual,  and  a  third 
cardess. 

*'  Finally  I  came  to  the  conclusion  that  it 
would  pay  to  devote  a  morning  to  the  purpose 
of  selecting  a  trustworthy  man;  and  this  I  did. 
The  results  were  interesting. 

^' When  I  arrived  at  my  office,  half  a  dozen 
men  were  already  in  waiting.  One  at  a  time  I 
called  them  into  the  office,  beginning  with  the 
first  in  the  line.  One  glance  at  the  foremost 
settled  his  case;  he  wouldn't  look  me  in  the 
eye.  I  told  him  I  should  not  need  him.  I 
suppose  he  is  still  wondering  why  I  was  so 
short  with  him. 

''Next  came  a  young  man  armed  with  a 
double-barreled  recommendation  fi*om  his  pas- 
tor testifying  to  his  good  character  and  business 
ability.  I  looked  at  the  youth  several  times, 
read  the  recommendation  again,  and  finally 
came  to  the  conclusion  that  either  his  pastor 
was  no  judge  of  human  nature  or  the  paper  was 
a  fruud.  Those  listless,  vacant  eyes  told  me 
that  we  could  never  hope  to  get  alonjg  well 
together.    I  dismissed  him. 

"  The  third  one  interested  me  the  moment  he 
stepped  inside  the  door.  He  was  poorly  dressed, 
though  his  clothes  were  whole;  his  suit  was  at 
least  two  sizes  too  small.    It  was  evident  that 


his  attire  troubled  him  not  in  the  least,  for  he 
held  his  head  high,  and  as  he  approached  my 
desk  he  looked  me  square  in  the  eye.  He  eaid 
that  he  had  no  recommendation,  and  had  had 
no  business  experience,  but  that  he  was  willing 
to  do  his  best  to  please  me.  In  an  instant  it 
dawned  upon  me  that  before  me  was  the  man  I 
was  looking  for.  He  had  nothing  to  recommend 
him  save  an  honest,  bright  eye  and  a  pleasant 
face;  but  that  was  sufficient  I  engaged  him  on 
the  spot. 

"Since  then  I  have  seen  fit  to  advance  him 
over  the  head  of  a  man  who  has  been  with  me 
for  three  years.  The  latter  grumbled,  bat 
there  was  reason  for  my  move— the  new  man 
had  proved  himself  worthy  of  promotion." 

Instances  might  be  indefinitely  multiplied  of 
the  value  of  an  honest  eye.  That  wonderfol 
window  of  the  soul,  the  eye,  is  a  sure  index  to 
character. 

Cultivate  it!  It  is  worthy  of  the  greatest 
effort  Look  up  and  fearlessly  meet  the  eyes  of 
those  with  whom  you  converse.  There  has 
been  many  a  choice  position  lost  through  an 
indifferent,  flinching  eye;  and  there  has  been 
many  a  coveted  position  won  throu^  a  fearless, 
honest  eye.  That  kind  of  an  eye  is  better  than 
a  hundred  reconmiendations. 


"All  the  means  of  action,"  says  Henry  W. 
Longfellow,  the  fkmous  poet  of  New  England, 
"the  shapeless  masses,  the  materials,  lie  eveiy- 
where  about  us;  what  we  need  is  the  celestUd 
fire  to  change  the  fiint  into  the  transparent 
crystal,  bright  and  dear." 
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ENGINEERS  MUST  THINK  AND  STUDY 

Bt  Charles  J.  Mason 


Any  person  who  has  been  employed  in  a 
machine  shop,  at  the  constracting  and  erecting 
of  steam  machinery,  or  engaged  in  or  about  a 
steam  plant  of  any  kind,  and  ihinki  he  can 
safely  assume  the  duties  of  an  engineer,  should 
examine  hxTMdf  and  see  if  he  really  is  capable, 
and  has  sufficient  knowledge — of  the  right  kind 
— ^before  assuming  such  a  position.  In  some  of 
the  States  there  already  exists  a  law  goyeming 
the  licensing  of  engineers  to  operate  and  take 
charge  of  steam  boOers.  An  applicant  Tmiat 
present  himself  before  a  duly  appointed  in- 
spector or  examiner,  and  pass  an  examination 
as  to  his  qualifications  to  act  as  an  engineer. 
Should  he  fail  to  do  so,  and  still  accept  the 
position  offered  him,  he  is  liable  to  be  severely 
punished. 

There  are  some  States  in  the  Union  which 
have  not  any  license  law,  and  an  employer  can 
engage  almost  any  person  he  cares  to;  of  course 
a  man  engaged  in  that  way  may  or  may  not  be 
competent,  but  in  many  cases  any  person  who 
claims  to  be  an  engineer,  and  can  show  that  he 
has  worked  in  such  and  such  a  plant,  is  engaged, 
and  in  time  is  found  to  be  not  competent.  A 
man  may  take  charge  of  a  plant  which  is  in 
£Eur  shape,  and  by  simply  iiot  touching  anything 
excepting  the  starting  bar  and  throttle  valve 
may  continue  in  that  position  for  quite  a  time; 
when  a  breakdown  occurs  (which  possibly 
could  have  been  prevented  had  an  engineer  been 
in  charge)  he  knows  not  what  to  do,  nor  can  he 
give  directions  to  those  who  may  be  about  him. 
Such  a  man  will  refer  you  to  his  "time  of 
service,''  he  will  tell  you  **  nothing  ever  hap- 
pened like  that  before,"  and  such  like 
explanations. 

Now,  whether  in  a  place  subject  to  license 
laws  or  not,  it  should  make  no  difference  to  a 
man  who  wishes  to  hold  an  engineer's  position; 
he  should  qualify  himself  for  that  position  by 
experience  and  study.  Simply  by  '*  putting 
in "  so  many  hours  per  day  doing  a  certain 
kind  of  work  in  a  plant,  and  then  going  home 
to  forget  all  about  it  till  the  next  day,  will  not 
aid  him  very  much.  Steam  Engineering  is  not 
like  a  trade  in  which  a  boy  is  placed  for  a 
number  of  years,  doing  certain  things  every  day 


according  to  instructions  given  him  by  a  fore- 
man or  leading  man  and  need  not  bother  his 
head  after  he  leaves  the  shop.  On  the  contrary, 
one  mutt  bother  his  head-  about  things  which 
he  will  not  learn  in  a  machine  shop  or  engine 
room,  if  he  wishes  to  be  even  an  "ordinary  " 
steam  engineer.  In  short,  there  is  a  great 
difference  between  an  engine  driver  and  an 
engineer,  but  the  engine  driver  may  become  an 
engineer  if  he  wants  to,  by  learning  the  ins 
and  outs  of  his  business,  and  not  merely  being 
contented  with  starting  and  stopping  his  engine, 
and  a  few  other  routine  duties. 

While  it  would  be  of  little  use  to  give  a 
student  a  list  of  questions  and  answers  to  learn 
by  rote,  as  a  schoolboy  would  learn  "a  piece," 
yet,  by  actually  studying  the  things  suggested 
by  such  questions  mudi  knowledge  may  be 
acquired.  The  mere  fkct  of  having  learned  by 
heart  the  answers  to  a  certain  set  of  questions 
is  of  no  permanent  benefit,  not  even  if  such  a 
person  actuaUy  managed  to  pass  the  examina- 
tion given  him,  for  he  may  have  to  go  through 
another  at  some  future  time,  and  get  an  en- 
tirely different  set  of  questions.  If  he  had 
ttwdied  the  principles  and  the  elements  of  the 
questions,  he  would  be  able  to  give  a  satisflftctory 
answer  no  matter  in  what  form  the  question 
may  be  given. 

It  must  be  borne  in  mind  that  no  amount  of 
mere  reading  of  anything  is  of  great  value.  You 
must  read  and  think  over  what  has  been  read, 
again  and  again;  turn  and  twist  it,  mentally, 
into  every  conceivable  shape  and  form.  Argue 
with  yourself  about  it,  make  diagrams  of  it  for 
yourself,  and  try  to  find  out  all  there  is  in  it. 
You  will  be  surprised  at  the  task  before  you. 
Many  times  you  will  be  obliged  to  stop  at  some 
point  in  a  problem,  owing  to  your  ideas  be- 
coming confused;  well,  stop,  drop  it  for  a  time, 
but  go  at  it  again.  Each  time  you  resume,  it 
becomes  easier,  clearer.  Of  course,  all  this  is 
hard  work,  and  whUe  there  are  ways  and 
means  whereby  hard  work  is  made  easiety  yet 
for  all  this,  even  the  easy  ways  miLst  be  worked 
at  diligentiy  and  hard  if  success  is  desired. 

Engineering  is  not  an  easy  profession.  Those 
who  have  entered  it  with  that  idea  have  made 
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a  mistake  which  will  be  brought  home  to  them 
day  by  day.  They  see  others  go  by  them  to 
better  podtions,  and  wonder  how  it  can  be. 
They  blame  everbody  concerned— except  them- 
selves. In  many  cases  men  £ul  simply  because 
they  will  not  ti^e  the  troMe  to  fit  themselyes 
for  better  places.  If  such  places  could  be  ob- 
tained easily ,  then  they  would  be  sought  for 
eagerly.  Therefore,  do  not  be  content  with 
holding  a  position  where  you  have  to  firq  a 
boiler,  and  see  that  a  certain  quantity  of  water 
is  kept  in  it;  or  start  and  stop  an  engine  every 
day,  and  keep  it  oiled;  and  occasionally  adjust 
the  different  parts.  All  this  is  very  essential 
and  requires  to  be  done  right  and  well;  but  it  is 
only  a  part  of  what  you  should  know  and  do. 
You  should  not  only  know  how  to  do  these  and 


other  things,  but  you  should  inquire  wtvy  they 
are  done,  what  would  be  the  result  if  they  were 
not  done,  and  how  soon  such  results  would  appear. 
Such  thoughts  as  these  should  constantly 
occupy  your  mind.  One  thought  will  suggest 
another,  and  another  in  turn;  and  you  will 
find  in  time  that,  when  you  become  fully  aware 
of  the  mighty  and  dangerous  forces  over  which 
you  have  control,  you  will  be  obliged  to  take 
your  ''thoughts  home  with  you,"  in  order  to 
cope  with  or  prevent  any  mishap  which  is 
liable  to  attack  the  machinery  under  your  care. 
This  is  what  makes  an  engineer  of  you,  in 
reality.  You  will  be  living,  to  a  great  extent, 
in  the  future.  The  present  condition  of  your 
plant  is  the  result  of  thought  of  some  time  past 
It  is  plain,  an  engineer  must  be  a  thinking  man. 


EQUAL  TO  THE  EMERGENCY 


Mr.  Camden  J.  Weller,  a  student  in  the 
School  of  Electricity,  has  succeeded  in  putting 
in  operation  an  electrically  equipped  lairy, 
or  car  used  for  charging  the  coke  ovens,  at 
the  Leckrone,  Pa.,  works  of  the  Eureka  Fuel 
Company. 

The  larry  just  put  in  operation  is  equipped 
with  a  General  Electric  motor  of  27  horsex>ower 
capacity  and  holding  175  tons  of  coaL  It  has 
the  regular  trolley  pole  used  by  the  Oeneral 
Electric  and  Weetinghouse  Companies,  except 
that  the  trolley  pole  is  arranged  on  the  side  of 
the  larry,  the  trolley  wire  being  23  inches  out- 
side the  raiL  The  controller  is  the  regular 
General  Electric  street-car  controller. 

It  is  not  such  a  notable  feat  to  put  such  an 
equipment  in  service,  if  everything  needed  is  at 
hand,  but  in  this  case  Mr.  Weller  had  nothing 
but  the  poles  and  arms  on  the  ovens.  From 
the  ovens  to  the  bin  where  the  larry  is  filled,  a 
track  was  constructed  containing  a  curve  of  80° 
radius  and  another  of  100°.  Upon  this  portion 
of  the  track  he  erected  temporary  wooden  poles 
and  wooden  arms.  The  complete  equipment 
for  this  installation  had  been  ordered  for  some 
time,  but  had  not  yet  been  received.  A  large 
number  of  ovens  being  already  finished,  and  no 
means  of  charging  them  except  by  the  electric 
larry,  Mr.  Weller  set  to  work  to  devise  some 
plan  by  which  he  might  carry  on  the  work 


with  what  material  he  could  find  or  make  until 
the  regular  equipment  came,  and  incidentally 
to  prove  that  he  was  equal  to  the  occasion. 
The  poles  and  arms  on  the  ovens  were  made  of 
2-indi .  iron  pipe.  To  the  arms  he  damped 
wooden  blocks,  and  screwed  home-made  trolley- 
wire  hangers  to  the  blocks.  He  also  made  hii 
own  strain  insulators  and  the  pull-over  clamps 
used  on  the  curves.  For  a  trolley  wire  he  used 
a  No.  2  bare  copper  wire  that  happened  to  be 
on  hand.  The  track  contained  a  switch  which 
necessitated  the  construction  of  a  frog,  or 
switch,  in  the  trolley  wire. 

Mr.  Weller  writes:  ''It  is  surprising  what 
good  service  we  are  getting  out  of  this  arrange- 
ment. It  is  being  worked  every  day,  and  bids 
£Bdr  to  continue  to  do  so  until  the  material  for  the 
proper  installation  arrives.  We  will  eventually 
have  six  motor-driven  larries  at  work.  In  ad- 
dition, the  mines,  the  haulage  equipment,  and 
everything  requiring  power  about  the  works  is 
to  be  electrically  equipped. 

''I  am  the  electrician  for  the  company,  and 
have  completed  the  work  sppken  of  without 
having  had  any  previous  experience  in  traction 
service.  All  my  past  experience  has  been  in 
electric-lighting  lines.  All  the  knowledge  I 
have  about  electric-railway  construction  I  re- 
ceived from  my  Course  of  Study  in  Electric 
Power  Imd  Lighting." 


Google 


Digitized  by 


SELF-HELP 


11 


THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS,  SCRANTON,  PA. 


NO  SUCCESS  WITHOUT  AMBITION 


The  trait  of  character  that  Webster  defines  as 
''an  eager  desire  for  the  attainment  of  some- 
thing/' though  mach  spoken  against  by  moral- 
ists, is  in  fact  absolutely  essential  to  success  in 
life.  The  difficulties  environing  the  pathway  to 
any  great  accomplishment  are  so  tremendous, 
the  pathway  is  so  arduous,  that  the  man  who  is 
to  succeed  must  bum  with  eager  desire,  if  he 
will  rise  superior  to  all  obstacles. 

Every  student  should  determine  upon  some 
object  of  ambition  so  great  and  desirable  as  to 
be  worthy  of  every  effort  to  win  it  No  matter 
what  his  present  position,  he  must  aim  high,  to 
make  any  kind  of  a  success. 

Ambition  will  win  you  the  notice,  approval, 
and  assistance  of  those  in  higher  positions.  *'  I 
like,"  says  Senator  Chauncey  M.  Depew,  "to 
see  a  shoemaker  cobbling  who  has  an  ambition 
to  own  a  shoe  store.  I  like  to  see  a  blacksmith 
who  hopes  to  own  a  hardware  store.  I  like  to 
see  a  newsboy  who  hopes  to  be  a  great  editor. 
I  like  to  see  a  derk  who  hox>e8  to  be  proprietor 
of  a  store.  I  like  to  see  ambition  in  all  men. 
I  like  to  see  egotism  in  men,  because  it  shows 
ambition." 

Be  careful,  after  setting  your  aim  high,  to  lay 
a  foundation  broad  and  deep  on  which  to  build 
your  career.  Study  exhaustively  the  principles 
and  practice  of  your  chosen  line  of  action. 

Don't  aim  at  a  small  thing,  if  you  have  within 
you  the  power  and  endurance  to  accomplish 
something  greater.  If  you  plan  a  woodshed  and 
then  find  you  have  strength  to  build  a  temple, 
you  will  never  be  able  to  build  the  temple,  for 
lack  of  materials  you  might  have  accumulated 
had  you  made  the  temple  your  first  aim.  The 
world  may  call  you  successful  when  your  wood- 
shed of  inferior  achievement  is  built,  but  you 
would  give  all  you  have  won  to  be  able  to  make 
up  for  the  lack  of  preparation  that  would  have 
made  your  life  a  grand,  satisfying  success. 

ANNOUNCEMENT 


INFORRIATION  VANTED 

Information  is  wanted  about  what  students 
of  The  International  Correspondence  Schools 
are  doing  in  the  world  of  industry.  If  any 
student  is  engaged  upon  an  important  installa- 
tion, or  a  civil,  mechanical,  or  electrical  engi- 
neering enterprise  of  any  kind,  we  would  like  to 
be  informed  about  it  Descriptions  of  machin- 
ery designed  by  students  are  always  accept- 
able. We  desire  to  receive  notes  about  buOdings 
planned  or  erected  by  students.  Inventions 
and  patents,  important  advancements  in  posi- 
tion, anything,  in  fact,  that  will  be  news  about 
our  students,  we  wish  to  receive  word  of.  As 
far  as  possible,  accompany  your  descriptions 
with  your  own  photographs,  and  with  photo- 
graphs, drawings,  or  sketches  of  the  subjects  of 
your  descriptions.  Address  all  such  matter  to 
G.  H.  Fisher,  I.  C.  S.  Dept.  Editor  of  Scibncb 
AND  Industry,  Scranton,  Pa. 


AN  OPPORTUNITY 


A  splendid  opportunity  for  club  raisers  for 
Science  and  Industry  is  announced  on  page 
35  of  this  issue.  Look  it  up.  It  will  pay  you 
to  act  on  its  suggestion  and  begin  to  get  new 
subscribers. 
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if  you  want  to  get  into  a  new  and  profitable 
profenion— we  famish  the  foundation^ 
the  aeeumalated  knowledge  on  the  subjed 
Investigation  costs  tou  nothing.  Invalu- 
able Information  will  be  sent  you  FRUt. 
Address  Advertliilag  World  Pnbllelty  CInbf  Colnmbas,  O. 


We  take  pleasure  in  announcing  that  the 
gold  watch  offered  in  the  June  issue  of  Science 
AND  Industby  to  the  club  raiser  securing  the 
most  subscriptions  before  September  1,  has 
been  awarded  to  Mr.  H.  C.  Gillespie,  1856 
Eighth  Ave.,  Huntiugton,  W.  Va. 
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The  most  useful  article  ever  invented 
for  the  purpose.  Indispensable  to 
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the  paper.  Can  be  used  repeatedly. 
In  boxes  of  lOO  for  25  cents. 
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tioners, and  Notion  Dealers.  Sample 
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SCHOOL  FOR  WATCHMAKERS. 

Nonci  THB8I  facts: 
1.  We  have  the  only  building  in  America  put  up  exdu- 
sivelv  for  Horological  Education.  2.  We  have  Bpedal  teach- 
ers who  give  all  their  time  to  teaching.  8.  We  have  the 
largest  and  best  equipment  in  America.  4.  We  have  sent 
out  moro  than  1,000  successful  watchmakers.  5.  We  teach 
WATCHWORK,  CII6RAVIII6.  JEWELRY,  CLOCK  WORK.  OPTICS.  We 
will  give  you  good  practical  training.    Send  for  catalogue. 

HOROLOeiCAL  DEPART  HE  NT, 
Bradley  Polyteohnlo  Institute,  Peoria,  Illinois. 


MICHIOAH  COLLEGE  OF  MINES. 

An  Engineering  School  with  unique  location  giving  it  un- 
usual facilities.  Distinctive  methods  of  instrucoon.  Special 
courses.  For  catalogue  giving  occupation  of  graduates, 
address  F.  W.  McNAIR,  President,  Houghton,  Mich. 
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Additional  references  furnished  on  request  Our 
•oo  page  book,  "The  Origin  and  Treatment  of 
Stammeriiur.**  the  largest  and  most  Instructive 
book  of  its  kind  ever  published,  sent  FREE  to  any 
address  (or  6  cts.  in  stamps  to  cover  postage.  Ask 
also  for  a  FREE  sample  copy  of  **  The  Pbono- 
lleter/*  a  monthly  paper  exclusively  for  persons 
whostammeb  Answer  this  Adv.  at  once.  Address 
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In  ordering  goods,  or  in  maltfng  inquiry  oonoeming 
anything  advertised  in  this  paper,  3rou  will  oblige  the 
pnblishen.  as  well  as  the  advertiser,  by  stating  that  yon 
saw  the  advertisement  in  tolosoo  as4  Istfsatry. 
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Sign,  and  Fresco  Painting,  Bricklaying,  Plaster- 
ing, Carpentry,  Steam  and  Hot  Water  Fitting, 
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University  of  Wisconsin. 

All  the  Engineering  ooarses,  besides  a  General  Oomie. 
in  Sngineerigkg  Seienee  and  PraeHee,  with  liberal  electiTCS. 
for  persons  not  expecting  to  follow  engineering  as  a  pro- 
fession. Athletic  advantages  unexcelled.  Fees  nominal- 
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in  America,"  and  it  Is  as  healthfol  as  it  la  beaatifoL 
Address 

J.  B.  Johnson,  Dean,  Collie  of  Engineering. 
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LEARN  TO  WRITE  WELL. 
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A  good  handwriting  secures  higher  salary  and   coveted 


Oedar  Rapids,  Iowa. 
podtions.    No   failure  by  this  method.     Pensonaily  oo&< 
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of  the  Weftem  Penman. 
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FORECASTLE  TO  RAILWAY  SUPERINTENDENT 

A  Farmer  Lad  Rises  to  Prominence  After  Thirty  Years*  Endeavor 


Gboboe  W.  adamb 


In  response  to  a  request 
from  the  editor  of  this  de- 
partment, the  following 
biographical  sketch  has 
been  written  for  the  read- 
ers of  Science  and  Indus- 
try by  Mr.  George  W. 
Adams,  superintendent 
of  the  railways  of  the 
Hawaiian  Commercial 
and  Sagar  Company,  with 
headquarters  at  Spreckle- 
ville,  Mani,  Hawaiian  Islands.  Mr.  Adams 
sends  it  ''with  the  sincere  hope  that  it  may 
be  the  means  of  leading  some  young  man  to 
success.'' 

''I  was  bom,  and  lived,"  says  Mr.  Adams, 
'*  until  the  age  of  twenty-one,  in  Pownal,  Cum- 
berland County,  Maine.  My  father  was  the 
owner  of  a  large  farm,  but  worked  most  of  the 
time  at  his  trade,  that  of  a  ship  carpenter. 
Both  my  father  and  mother  were  very  good 
people  of  high  character,  but  both  were  un- 
educated, and  therefore  thought  it  a  waate  of 
time  and  money  for  a  young  man  to  spend  four 
years  in  college.  I  attended  the  district  school, 
and  my  desire  for  further  advancement  in  book 
knowledge  was  rewarded  by  my  being  allowed 
to  attend  Litchfield  Academy  one  term.  I 
wished  very  much  to  attend  Bowdoin  College, 
which  was  only  nine  miles  from  my  home,  but 
to  my  earnest  requests,  seconded  by  an  older 
Bister's  pleadings  in  my  behalf,  I  received  a 
decided  denial  from  both  my  father  and  mother. 
"At  the  age  of  twenty,  after  hiring  a  man  to 
take  my  place  on  the  farm,  I  shipped  with  Cap- 
tain John  Hodgden,  of  the  good  ship  Ballion,  as 
a  green  hand.  I  liked  the  sea,  and  Mr.  Brown, 
the  chief  mate,  who  found  out  that  I  was  quick 
to  learn  and  good  in  mathematics,  taught  me 
navigation.  In  less  than  ^\e  years  I  was  walk- 
ing the  quarter  deck  of  a  two-thousand-ton 
ship  as  second  mate,  with  the  promise  from  the 
owners  of  the  office  of  master  in  three  years 
more. 

"While  in  port  at  New  York  I  visited  my 
home  for  a  few  days  and  found  my  father  sick 
in  bed,  his  first  sickness,  although  at  the  age 


of  seventy-one.  In  response  to  his  and  my 
mother's  tears  and  pleading  I  returned  to  New 
York,  gave  up  my  position  and  brilliant  pros- 
pects, and  taking  my  goods,  went  back  to  my 
home,  where  I  cared  for  my  father  until  his 
death  the  following  October. 

"I  had  lost  my  position  and  was  too  proud 
to  enter  the  forecastle  again;  I  would  not  take 
up  farming  again,  for  I  had  learned  to  hate  it, 
because  I  felt  that  it  was  the  farm  that  had 
prevented  me  from  going  to  college.  I  turned 
my  mind,  therefore,  to  railroading,  and  entered 
the  employ  of  the  Grand  Trunk  Railroad  Com- 
pany as  a  section  hand  on  repairs  of  track.  My 
desire  to  advance  soon  brought  me  to  the  notice 
of  the  road  master.  In  boyhood,  my  father 
had  taught  me  that  what  was  worth  doing  was 
worth  doing  well — advice  which  I  have  never 
forgotten;  I  was  soon  advanced  to  positions  of 
trust  until  I  had  one  hundred  and  fifty  men 
under  my  control. 

"The  Civil  War  broke  out  at  that  time,  and 
I  went  to  Washington  intending  to  enter  the 
army,  but  entered  the  railway  service  of  the 
Government  instead,  as  a  fireman.    In  aeven 
months  I  was  promoted  to  engineer  and  placed 
on  a  new  engine.    I  ran  her  a  few  months, 
when  I  decided  that  I  did  not  know  enough 
about  a  locomotive  to  make  a  successful  runner. 
Much  to  the  displeasure  of  the  officers  of  the 
road,  I  resigned  and  returned  home.    I  entered 
a  machine  shop,  where  I  served  my  time  learn- 
ing the  machinists'  trade.    I  then  entered  the 
employ  of  the  Maine  Central  Railroad  Com- 
pany as  fireman,  under  J.  W.  Philbrick,  master 
mechanic.    In  fifteen  months  I  was  again  pro- 
moted to  the  post  of  engineer  and  after  the  experi- 
ence of  the  preceding  years  I  felt  that  I  knew 
what  I  was  doing.    I  worked  for  the  Central  a 
few  months,  when  Mr.  Philbrick  wished  nae  to 
go  out  to  Kansas  for  his  son,  who  was  master 
mechanic  of  the  L.  L.  &  G.  Railroad.    I  did  00, 
and  remained  with  him  a  year,  when  I  returned 
to  the  Central   again.    Since  then  I  ran  all 
kinds  of  trains   successfully  for  twenty  nine 
years,  until  I  accepted  my  present  position  of 
Superintendent  of  the  Railways  of  the  HawmiiAn 
Commercial  and  Sugar  Company. 
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'*  I  ascribe  my  succees  to  an  earaest  desire  to 
be  fiiithfnl  to  my  employers.  I  felt  proad,  after 
twenty-eight  years  of  service,  to  be  told  by  one 
of  the  officials  of  a  great  railway  company  that 
I  had  not  in  all  those  years  caused  one  dollar's 
worth  of  expense  on  account  of  neglect  or  care- 
lessness. I  always  made  it  a  point  never  to 
give  up  anything  that  I  had  undertaken,  unless 
forced  to,  until  I  had  succeeded. 

'*  Of  technical  education  I  have  none,  only  as 
I  have  studied  things  out  by  the  extremely 
difficult  method  of  studying  textbooks  alone, 
with  no  assistance  whatever.  Being  quick  to 
observe  and  apt  to  apply,  I  find  myself,  how- 
ever, in  possession  of  much  valuable  informa- 
tion that  assists  me  in  my  official  capacity.  I 
J- 


would  advise  every  yoiltog  man — yes,  every 
middle-aged  man — to  acquire  all  the  educa- 
tion, especially  technical  education,  that  he  pos- 
sibly can,  and  never  to  give  up  until  he  has 
secured  it 

'*  I  would  urge  men,  in  order  to  secure  the 
confidence  of  employers  and  advancement  to 
positions  of  trust,  always  to  be  truthful,  no 
matter  what  it  may  involve.  The  loss  of  posi- 
tion is  nothing  compared  with  the  loss  of  an 
employer's  confidence.  I  have  several  times 
risked  my  position  on  the  truth,  and  I  never 
lost  Stand  up  to  all  the  dignity  of  your  man- 
hood, look  every  man  straight  in  the  eye,  and 
speak  fearlessly  the  truth  and  nothing  but  the 
truth." 


A  GREAT  ERA  FOR  YOUNG  MEN 


The  young  man  of  today  is  in  great  demand. 
He  is  sought  for  by  the  managements  of  all 
kinds  of  business.  Every  large  business  house 
has  positions  waiting  for  the  young  men  who 
can  satisfactorily  fill  them.  The  demand  for 
properly  qualified  young  men,  at  present,  is  far 
in  excess  of  the  supply. 

A  New  York  business  man  stated  last  year 
that  he  had  made  a  personal  canvass  of  a  dozen 
of  the  largest  business  houses  in  five  different 
commercial  and  professional  lines,  to  see  to 
what  extent  openings  existed  for  young  men. 
In  only  two  of  them  were  the  managers  satisfied 
that  the  responsible  positions  were  occupied  by 
capable  men.  Even  in  these  two  houses  he 
was  assured  that  **  Of  course,  if  the  right  sort  of 
a  young  man  came  along  who  could  tell  us 
something  about  our  business  we  did  not 
already  know,  we  should  not  let  him  slip 
through  our  fingers,  but  would  create  a  position 
for  him."  In  several  of  these  houses,  positions 
faiad  been  open  for  many  months,  in  spite  of  a 
eharp  lookout  for  suitable  candidates.  Every 
one  of  these  firms  had  positions  paying  from 
$2,000  to  15,000  a  year,  simply  yearning  for 
capable  young  men  to  fill  them.  It  is  safe  to 
estimate  that  there  are  in  New  York  alone  over 
five  thousand  openings  of  this  class. 

It  is  no  question  of  salary  with  these  great 
firms;  it  is  a  question  of  the  highest  skill 
combined  with  perfect  reliability.     There  is 


almost  no  limit  to  the  salaries  that  will  be 
cheerfully  paid  to  the  right  men. 

One  immense  business  concern,  doing  such  a 
vast  business  as  to  be  classed  as  a  ''trust," 
is  experiencing  the  greatest  embarrassment 
because  of  the  absolute  lack,  at  this  time,  of  tech- 
nically educated  men.  Last  June  this  concern 
found  it  necessary  for  its  welfare  to  employ  a 
dozen  or  more  young  men  fitted  for  its  work  by 
technical  education.  Good  salaries — very  large 
for  beginners — were  offered  to  make  certain 
that  the  positions  should  be  filled  promptly. 
In  addition,  the  attractiveness  of  the  vacancies 
was  much  enhanced  by  the  fact  that  those 
who  should  fill  them  would  be  rapidly  qualified 
to  become  technical  experts,  capable  of  earning 
large  salaries  and  possessed  of  brilliant  futures. 

It  was  decided  to  request  the  leading  tech- 
nical schools  to  recommend  recent  or  prospective 
graduates.  In  response  to  this  request,  sent  to 
the  Massachusetts  Institute  of  Technology,  it 
was  learned  that  all  the  graduates  had  already 
secured  good  positions,  and  that  all  Boston  was 
unable  to  furnish  even  one  young  man  capable 
of  filling  a  desirable  place  in  a  great  industry 
in  New  York.  Similar  inquiries  sent  to  Stevens 
Institute,  at  Hoboken,  New  Jersey,  the  Univer- 
sity of  Nebraska,  Rensselaer  Polytechnic 
Institute,  at  Troy,  New  York,  Cornell  Uni- 
versity, and  several  others,  developed  the 
remarkable    situation   that   every  technically 
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edacated  graduate  capable  of  filling  such  a 
poflition  had  secured  work  within  a  week  after 
graduation,  at  a  good  salary.  It  has  thus  far 
been  found  impossible  to  find  among  the  young 
men  of  the  United  States  any  competent  to  do 
the  technical  work  required,  who  are  not  now 
in  full  employment,  finding  elsewhere  salaries 
and  opportunities  for  advancement  equal  to 
those  which  they  would  have  had  in  this  New 
York  office.  It  is  probable  that  this  great 
industry  will  have  to  wait  until  another  class 
is  graduated  from  the  schools  of  technology, 
before  it  can  satisfactorily  fill  its  dozen  or  more 
desirable  openings. 

One  of  the  subordinate  officers  of  a  large  New 
York  corporation  recently  resigned  a  position 
at  a  good  salary  to  accept  one  of  much  greater 
promise.  It  was  decided  to  fill  his  place  with 
a  young  man  who  had  some  training  for  the 
business.  There  were  many  found  who  were 
competent,  but  it  took  a  two  months*  search  to 
find  a  young  man  whom  they  could  persuade 
to  take  the  place,  even  though  its  prospects 
would  satisfy  almost  any  person. 

The  head  of  a  great  department  store  stated 
a  month  ago  that,  in  all  his  life  as  a  business 
man,  he  had  never  known  finer  openings  for 
ambitious  young  men  who  had  industry  and 
were  of  good  habits,  especially  when  they  added 
to  these  qualities  the  important  one  of  ability. 

*' Capacity  was  never  more  speedily  allotted 
to  its  appropriate  place,"  says  another  promi- 
nent business  man,  ''or  receiving  better  pecu- 
niary returns  than  is  the  case  today.  Our  great 
corporations  and  industries  are  constantly  upon 


the  lookout  for  young  men  of  ability;  and 
advancement  in  these  industries  was  never 
surer  or  better  paid  than  now." 

President  Vreeland,  the  newly  chosen  chief 
of  one  of  the  vast  street-railway  systems  of 
New  York,  who  in  a  few  years  has  risen  from 
the  position  of  brakeman,  says  that  he  is 
"more  and  more  persuaded  that  the  oppor- 
tunities which  await  every  young  man  are  only 
to  be  measured  by  his  capacity  and  industry.'' 
In  his  opinion  we  are  at  the  opening  of  an  en 
when  the  greatest  of  all  opportunities  await 
young  men. 

No  long  explanation  is  required  to  tell  young 
men  what  to  do  to  prepare  themselves  for  these 
great  opportunities.  It  is  a  foregone  condnsion 
that  all  of  these  great  openings  wiD  be  filled  by 
the  young  men  of  today  who  are  striving  to 
develop  themselves  along  the  two  lines  of 
character  and  technical  education. 

Integrity  is  absolutely  demanded  as  the 
foundation  of  advancement  Added  to  in- 
tegrity must  be  manliness,  self-reliance,  con- 
centration, unflinching  determination,  and 
enthusiasm  and  energy  based  on  good  health. 
Another  chief  essential  is  hard  work,  welcom- 
ing any  pains  whatever. 

Above  all,  the  young  man  who  deetree  to  be 
equal  to  his  opportunities  must  poeaess  or 
acquire  a  good  technical  education — a  thorough 
working  knowledge  of  the  principles  under- 
lying his  chosen  line  of  work — such  as  can  be 
obtained  either  in  the  schools  of  technology  or 
in  the  engineering  and  industrial  cooraee  of  a 
first-class  correspondence  school. 


STEPHEN  GIRARD'S  "SUGGESTIONS" 


Not  the  least  part,  doubtless,  of  the  success 
that  attends  the  graduates  of  Girard  College, 
Philadelphia,  is  due  to  the  example  of  success 
set  them  by  its  founder.  In  place  of  false 
standards  of  success,  the  following  wise  **  sug- 
gestions''  are  placed  in  their  hands,  as  the  fruit 
of  the  experience  of  Stephen  Girard,  the  mil- 
lionaire philanthropist: 

1.  Be  punctual.  Never  be  a  minute  late  in 
arriving  at  your  place  of  business,  but  often  five 
or  ten  minutes  early. 

2.  Make  yonr  employer's  interest  your  inter- 


est.   Aim  to  do  your  tasks  in  the  beat  manner 
possible.     Be  sure  that  you  understand  yonr     ' 
employer's  wishes,  and  ^en  do  your  best  to 
comply  with  them. 

3.  Do  your  work  cheerfully.  A  cheerful 
spirit  and  agreeable  manners  please  not  only 
your  employers,  but  all  with  whom  yon  have 
occasion  to  associate. 

4.  Do  your  work  promptly.  Get  through 
with  as  much  work  as  possible  in  the  early 
part  of  the  day.  Always  see  that  half  an  hour's 
work  is  done  in  half  an  hour. 
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o.  Do  not  be  dishearteDed  at  difficalties.  It 
is  not  likely  that  yon  will  at  first  be  entirely 
pleased  with  any  position.  All  beginnings  are 
difficult.  Give  the  place  a  trial  of  one  month 
at  least  before  you  decide  against  it;  and  how- 
ever much  yon  may  dislike  your  employment, 
let  not  your  dislike  show  itself  in  indifference 
or  inattention  to  your  duties. 

6.  Be  not  given  to  much  talking.  Do  not 
discuss  your  own  affairs  or  your  fiunUy  affairs 
with  strangers.  Never  criticise  your  employ- 
ers or  your  associates. 

7.  When  your  own  special  task  for  any  day 
is  light  and  not  sufficient  to  keep  you  busy,  do 
not  fail  to  offer  your  assistance  to  others.  This 
will  serve  to  create  a  friendly  feeling  between 
you  and  your  associates. 

8.  This  is  a  busy  age.  Everybody  is  hurry- 
ing. Much  is  done  in  a  short  time.  Therefore 
move  briskly  and  step  lively  if  you  hope  to 
meet  the  expectations  and  approval  of  your 
employers. 


9.  There  will  be  times  when  you  will  need  to 
remain  on  duty  after  regular  hours.  Do  not 
murmur  or  show  any  displeasure  on  such  occa- 
sions. Accept  the  situation  bravely,  and  work 
with  increased  earnestness. 

10.  Always  keep  in  mipd  self-improvement. 
Learn  wherever  and  whenever  you  can.  Make 
yourself  worthy  of  promotion  by  the  manner  you 
improve  in  your  work.  One  way  to  improve 
yourself  is  to  study  carefully  the  methods  and 
habits  of  the  successful  business  men  whom  you 
see  and  meet. 

11.  Improve  your  leisure  hours  by  careful  read- 
ing. In  order  to  command  respect,  a  young  man 
must  know  something  of  the  world  and  its  daily 
life,  its  public  affsdrs,  and  its  public  men.  To  be 
able  to  converse  intelligently,  you  must  read  not 
only  the  daily  papers,  but  also  good  literature. 

12.  Be  scrupulously  honest  in  all  you  do,  and 
truthful  in  all  you  say.  Prize  a  noble  character 
above  everything  else,  and  let  no  one  ever  tempt 
you  to  do  a  mean  act. 


STEPPING  STONES  TO  SUCCESS 


Not  all  failures  are  calamities.  Mishaps,  like 
knives,  either  serve  us  or  cut  us,  as  we  grasp 
them  by  the  handle  or  the  blade.  A  downfall 
is  often  an  uplift.  There  are  beneficial  and 
promising  defeats,  as  there  are  inglorious  and 
disastrous  victories. 

It  does  not  at  all  follow  that  because  a  man  has 
failed  in  one  thing,  or  several  things,  he  cannot 
and  will  not  succeed  in  something  else.  Story 
and  history  are  full  of  the  examples  of  men  who 
made  their  mark  after  an  utter  failure  in  their 
first  attempts. 

Jay  Gould,  the  great  railroad  financier,  made 
a  complete  fiiUure  as  a  shopkeeper,  tanner,  a 
surveyor,  and  a  civil  engineer.  P.  T.  Barnum, 
the  world's  greatest  showman,  failed  in  four- 
teen different  occupations  before  finding  his 
forte.  Phillips  Brooks,  .the  pulpit  orator  of 
New  England,  failed  as  a  school  teacher,  and 
went  into  the  ministry  against  the  solemn 
warnings  of  trusted  and  influential  friends, 
but  with  the  determination  to  do  his  best. 
Alexander  Wilson,  the  Scottish  ornithologist, 
made  a  failure  of  five  different  professions 
before  finding  his  place.     These   men,  and 


thousands  of  others,  made  each  failure  a  step- 
ping stone  to  success. 

Some  of  the  most  extraordinary  examples  of 
pluck  under  disheartening  circumstances,  says 
the  Saturday  Evening  Poet,  have  been  famished 
by  military  commanders.  Napoleon  said  of  one 
of  his  marshals,  Massena,  that  "  He  was'  not 
himself  until  the  battle  began  to  go  against  him; 
then,  when  the  dead  fell  in  ranks  about  him, 
were  awakened  his  powers  of  combination,  and 
he  put  on  terror  and  victory  as  a  robe." 
Bliicher,  the  obstinate  old  Prussian  general, 
lost  nine  battles  out  of  ten,  but  quickly  rallied 
and  showed  Napoleon  after  every  defeat  a 
more  formidable  front  than  before.  Defeated, 
wounded,  and  unhorsed  at  Li^y,  he  led  his 
troops  two  days  later,  amid  torrents  of  rain, 
through  deep  mud,  up  steep  defiles,  from  Wavre 
to  Waterloo,  and  won  with  Wellington  the 
immortal  victory  that  sealed  the  fate  of  his  foe. 

The  epitaph  carved  on  the  monument  of  a 
famous  man—''  Here  lies  one  who  meant  well, 
failed  much,  tried  a  little" — is  one  of  which  no 
one  need  be  ashamed.  In  one's  strivings  for 
advancement  it  must  be  remembered  that: 
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Heayen  Is  not  reached  by  a  lingle  bound. 
But  we  build  the  ladder  by  which  we  rise 
From  the  lowly  earth  to  the  vaulted  Bkles, 
And  we  mount  to  the  summit  round  by  round. 
We  rise  by  the  things  that  are  under  our  feet. 

Perhaps  we  have  won  when  we  seem  to  have 
loet.  A  trae  gain  is  yery  often  the  result  of  an 
apparent  loss.  We  strive;  we  faU.  Strength 
was  gained  by  the  striving;  and  if  we  knew  the 
end  from  the  beginning,  we  would  be  pro- 
foundly thankful  that  we  failed. 

The  victory  which  slackens  and  enervates, 
which  unknits  the  sinews  of  the  will  and 
quenches  the  thirst  of  aspiration,  is  in  truth  a 
deplorable  defeat.  That  defeat  which  braces 
the  energies  and  quickens  new  powers  of 
thought,  resolve,  and  effort  is  a  virtual  victory. 
The  unaccepted  defeats  of  the  man,  who  by 
indomitable  prowess  has  advanced  ''inch  by 
painful  inch,"  are  turned  to  triumphs. 

We  never  truly  fiul  until  we  completely  give 
up  and  lay  our  purpose  in  the  dust.    "Man 


does  not  yield  himself  to  the  angels,  nor 
even  unto  death,"  says  Henry  Sabin,  "save 
through  the  weakness  of  his  own  feeble  will." 
The  temporary  result  is  less  important  than 
later  consequences.  What  growth  has  been 
gained  through  the  effort?  That  alone  is  of  real 
moment.  What  is  carried  forward  in  the  form 
of  new  strength,  of  liberated,  reinforced  power, 
and  enlarged  purpose— that  is  the  vital  point 
Is  the  victory  an  outcome  and  a  condition  of 
growth,  valued  not  for  the  prize  but  for  the 
opportunity?  Then  all  is  well.  Does  it  bring 
content,  arrested  effort,  sloth,  in  its  train? 
Then  all  is  ill.  The  true  victory  is  but  an 
episode  in  a  greatly  planned,  life-long  campaign 
against  the  obstacles  that  hinder  a  man's  devel- 
opment; it  is  a  means  to  a  remoter  end  as  well 
as  an  end  for  the  time  being.  The  successfal 
man  is  the  one  who  studies  his  failures  and 
makes  their  lessons  stepping  stones  to  the 
complete  accomplishment  of  his  ambition. 


EDUCATION  AND  SUCCESS  IN  UFE 


In  every  line  of  work  it  is  the  man  who 
knows  most  about  what  he  is  doing,  other 
things  being  equal,  that  comes  out  ahead. 

Education  invariably  pays.  If  a  man  desires 
to  forge  ahead,  the  surest  means  he  can  adopt 
to  help  himself  is  not  money,  nor  influence, 
nor  any  of  a  hundred  outside  aids,  but  a  good 
education.  If  he  cannot  go  to  college,  a  course 
by  correspondence,  combined  with  experience 
gained  in  daily  work,  will  enable  him  to  do  as 
well  in  the  long  run  as  if  he  had  taken  a  resi- 
dent course  of  study.  Nothing  can  keep  a  deter- 
mined man  from  going  to  the  front 

The  following  remarks  by  President  Benjamin 
Ide  Wheeler  about  thorough  students  at  college, 
applies  with  equal  force  to  correspondence  stu- 
dents who  study  hard  at  home. 

. ''  There  are  individual  cases,  as  every  one 
knows,  of  success  from  the  lowest  third  of  the 
class,  and  the  comment  of  surprise  gives  them 
luster.  I  believe  they  are  comets,  however.  In 
my  observation,  the  successful  men  come  chiefly 
from  the  first  third.  When  the  high  scholar 
turns  out  a  commonplace  man,  the  dunces  have 
their  delight,  and  the  one  exception  outweighs 
five  illustrations  of  the  rule. 


''A  college  man  wins  in  life  not  by  virtne  of 
the  special  knowledge  he  has  acquired  so  much 
as  by  the  habits  he  has  formed.  Habits  of 
mind  involve  an  attitude  toward  truth.  Habits 
of  thinking  involve  a  control  of  the  mental 
processes.  Habits  of  work  involve  sense  of 
time  and  for  duty.  A  man  who  does  things  at 
the  time  when  they  ought  to  be  done  Is  likely 
to  be  wanted.  It  is  the  men  who  are  wanted 
who  are  the  successes.  The  men  who  are  foi^ 
ever  toiling  to  create  a  demand  for  themaelveB, 
they  are  the  nuisances.  The  best  acholara 
succeed  best  in  life  chiefly,  I  believe,  because 
they  have  been  most  regular  and  punctual  in 
doing  their  college  work.  My  experience  with 
college  students  teaches  me  that  they  are 
intellectually  much  nearer  a  level  than  their 
achievements  indicate.  It  is  power  of  will 
more  than  power  of  mind  that  differentiates 
them.  Must  and  ought  have  fifty  times  more 
stuff  in  them  than  might  and  could.  I  have 
known  men  of  the  most  superb  equipment  and 
the  finest  intellectual  and  athletic  training  who 
were  of  no  possible  use  for  any  other  snblnnar 
purpose,  because  they  could  not  be  relied  upon 
to  keep  an  appointment  or  to  do  anything." 
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For  every  man  and  woman  in  this  free  land 
cornea  at  some  time  in  life  a  crisis  as  acute  and 
as  significant  as  that  which,  in  1776,  confronted 
the  Continental  Congress.  They  have  to  con- 
sider whether  they  shall  be  free  and  independ- 
ent. What  shall  the  answer  be?  Shall  they 
be  slaves  to  circnmstances,  or  seekers  after 
true  success? 

Sou]  of  mine, 
Wouldst  thou  choofle  for  life  a  motto  half  divine? 
Let  this  be  your  guard  and  guide 
Through  the  future  reaching  wide, 
Whether  good  or  111  betide— 

Riae  higher. 

**0  friend,"  well  exclaims  Emerson,  "O 
friend,  never  strike  sail  to  fear.  Come  into 
port  grandly,  or  sail  with  God  the  seas ! '' 

"What's  brave,  what's  noble,  let's  do  it," 
says  Shakespeare,  ''after  the  high  Roman 
fashion,  and  make  death  proud  to  take  us." 

No  higher  deed  is  done  than  by  him  who 
devotes  nights  to  study  after  days  of  toil.  It  is 
a  great  thing,  well  worth  sacrifice  of  pleasure 


and  leisure  moments,  for  a  man  to  make  him- 
self a  better  and  more  useful  man.  The  world 
appreciates  such  spirits.  Not  only  does  self- 
improvement  lead  to  better  position  and  more 
remunerative  work,  but  to  a  higher  place  in 
the  esteem  of  the  community. 

Every  man  wishes  to  be  well  thought  of. 
Many  of  us  willingly  endure  all  adversities  of 
fortune  to  keep  our  good  name  and  the  respect 
of  our  fellows.  How  well  worth  the  effort 
of  solitary  study  it  is  to  have  the  feeling  of 
mastery. 

To  students  of  our  Schools  we  say:  let  nothing 
hinder  your  progress.  Present  difliculties  and 
discouragements  and  the  temporary  sacrifice  of 
a  little  ease  will  seem  as  nothing  a  few  short 
years  hence,  when  you  shall  have  gained  that 
for  which  you  are  striving.  *  In  no  way  can 
you  show  your  manhood  as  well  as  by  a  deter- 
mined and  sustained  effort  now  to  prepare  your- 
self for  the  very  best  future  of  which  you  are 
capable. 


FIDELITY  IS  IRRESISTIBLE 


Some  power  making  toward  success  that 
would  be  resistless — who,  in  all  this  power- 
thirsty  race,  would  not  eagerly  cry  out  to  pos- 
sess such  a  gift?  ''It  is  talent,"  says  one  of 
the  world's  wise  men.  "It  is  genius,"  aeserts 
another,  "combined  with  favorable  circum- 
stances."   No,  it  is  faithfulness  in  little  things. 

So  simple  a  thing  as  fidelity  in  little  things 
is  resistless.  Find  a  carpenter  who  is  absolutely 
faithful  in  every  detail  of  his  work,  and  you 
may  guarantee  his  success.  Point  to  a  clerk 
with  a  conscience  that  will  not  permit  him  to 
shirk  the  most  trifling  minutise  of  his  assigned 
duties,  and  you  may  promise  him  a  choice  of 
the  best  clerkships  in  his  town.  Discover  a 
professional  man  who  no  more  fails  to  be  faith- 
ful in  trifling  details  than  he  does  in  the  great 
things,  and  you  may  write  him  offhand  an 
assurance  of  success.  "Genius  is  patience," 
said  Buffon.  "If  I  differ  from  other  men  at 
all,  it  is  in  patient  thinking,"  said  the  great 
Newton.     "The  men  who  have  most  moved 


the  world  have  not  been  the  so-called  brilliant 
men,  but  the  untiring  workers,"  writes  one. 
"How  long  will  it  take  to  learn  to  play  the 
violin?"  asked  a  young  man  of  the  great 
violinist  Giardini.  "Twelve  hours  a  day  for 
twenty  years  together,"  was  his  reply. 

Greatness  in  any  direction  is  an  accumulation 
of  little  faithfulnesses  towering  into  sight  of 
the  world.  Real  accomplishment  in  any  line 
comes,  as  the  coral  reefs  are  built,  by  the  de- 
posit of  one  tiny  cell  of  fidelity  to  duty  upon 
another,  till  thousands  of  unnoticed  fidelities 
loom  into  visible  greatness.  An  isolated  instance 
of  devotion  to  duty  is  like  a  single  drop  of  rain. 
Days  full  of  such  stern  fidelities  are  like  a  fidl  of 
rain  bringing  the  life  to  flower  and  to  fruitage. 

It  is  not  difficult  for  us  to  see  that  in  business 
or  in  the  professions  spasmodic  performances 
of  duty  are  not  likely  to  lead  to  success.  Run- 
ning a  life  by  jerks  of  effort  is  a  good  deal  like 
running  a  railway  engine  on  a  track  in  which 
some  of  the  rails  are  missing  here  and  there. 
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It  is  all  right  where  the  track  ia  good,  but 
deetmctiye  accidents  will  be  in  evidence  where 
the  rails  are  wanting.  The  call  to  be  ruler  over 
many  things  in  the  business  and  professional 
world  must  surely  come  to  the  one  who  is  faith- 
ful over  a  few  things. 

A  STUDENT'S  INVENTION 

The  accompanying  wire  stretcher  is  the  in- 
vention of  Mr.  R.  N.  Marts,  of  Frederick, 
Md.,  who  is  taking  the  Electric  Power 
and  Lighting  Course.  This  device  is  intended 
to  take  the  slack  out  of  wire  fences,  telegraph 
and  telephone  wires,  guy  wires,  clothes  lines, 
and  all  wires  that  need  to  be  kept  at  a  tension. 
It  is  probably  the  cheapest,  simplest,  neatest, 
and  most  durable  and  quickly  adjusted  article 
of  the  kind.  It  is  operated  by  placing  the 
wire  between  the  two  pins  with  one  wrap  on 
the  short  pin,  then  continuing  to  wrap  around 
the  long  pin  by  turning  the  implement,  and 


Wire  Stretcher  Invented  by  an  I.  C.  S.  Student 

locking  the  wire  with  the  long  arm  on  either 
half  turn. 

Mr.  Martz  is  also  the  inventor  of  a  device  for 
flftstening  wood,  steel,  or  twisted-wire  pickets  to 
wire  fences,  and  is  working  on  some  electrical 
appliances  which  he  hopes  soon  to  have  on 
the  market. 

Speaking  of  his  Course  of  study,  he  says  that 
it  has  brightened  his  ideas  and  aided  him 
wonderfully  in  proportioning,  designing,  and 
proof  pattern  work. 


steer  your  own  ship,  and  remember  that  the 
great  art  of  commanding  is  to  take  a  fair  share 
of  the  work.  Think  well  of  yourself.  Strike 
out.  Assume  your  own  position.  Put  potatoes 
in  a  cart  over  a  rough  road,  and  the  small  ones 
go  to  the  bottom.  Rise  above  the  envious  and 
jealous.  Fire  above  the  mark  you  intend  to 
hit.  Energy,  invincible  determination,  with  a 
right  motive,  are  the  levers  that  move  the 
world.  Don*t  drink.  Don't  smoke.  Don't 
chew.  Don't  swear.  Don't  deceive.  Be  m 
earnest  Be  self-reliant.  Be  generous.  Be 
civiL  Make  money  and  do  good  with  it  Lo?e 
your  God  and  fellow  men.  Love  truth  and 
virtue.    Love  your  country  and  obey  its  laws." 

HASTE 

The  passage  of  centuries  has  not  changed  the 

opinion  of  the  wise  regarding  the  folly  of  haste. 

'*  Haste,"  said  Seneca,  the  Roman  philosopher, 

two  thousand  years  ago,  ''trips  up  its  own  heels, 

fetters  and  stops  itself."    Sir  Frands 

Bacon,  speaking  on  the  same  subject, 

fifteen  hundred  years  later,  related  the 

incident  that    ''Sir   Amyas   Pawlet, 

when  he  saw  too  much  haste  made  in 

any  matter,  was  accustomed  to  say, 

'stay  awhile,  that  we  may  make  ao 

end  the  sooner.'  "    The  present  ceD* 

tury  adds  its  testimony  also.     '  *  Horry 

and  cunning,"  writes  Walter  Coltoo, 

an   eminent  American  writer,  "are  the  two 

apprentices  of  dispatch  and  skill;  ^ut  neither 

of  them  ever  learns  his  master's  trade." 


PERSONALITY  AND  SUCCESS 


A  COLLEGE  PRESIDENT'S  ADVICE 

"  Young  men,"  said  President  Porter  of  Yale 
to  the  students  of  that  institution,  "you  are 
the  architects  of  your  own  fortunes.  Rely  on 
your  own  strength  of  body  and  soul.  Take 
for  your  star,  self-reliance.  Inscribe  on  your 
banner,  '  Luck  is  a  fool;  pluck  is  a  hero.'  Don't 
take  too  much  advice — ^keep  at  your  helm  and 


What  a  man  is,  mainly  settles  the  question  of 
what  he  can  do.  Both  his  deeds  and  his  words 
take  their  power  firom  his  personality.  A  man's 
example  gives  added  weight  to  his  testimony  in 
favor  of  what  he  advocates,  but  his  character 
is  felt  through  all  that  he  says  or  does.  That 
which  has  a  controlling  power  over  him  la  sure 
to  be  felt  as  a  power  by  those  who  observe  him. 
It  has  been  well  said  that  "a  man's  character 
will  be  the  limit  of  his  personal  influence  in  the 
direction  of  such  attainment" 


"  Every  great  and  commanding  movement  in 
the  annals  of  the  world,"  says  Ralph  Waldo 
Emerson,  "  is  the  triumph  of  enthnsiaam." 
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THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS,  SCRANTON,PA. 


ASSISTED  TO  GOOD  POSITIONS 

The  recommendationB  of  the  Students'  Aid 
Department  are  a  strong  incentive  to  make 
progress  in  our  Courses.  Any  student  is  en- 
titled to  the  assistance  of  the  Department  as 
soon  as  he  has  completed  one  division  of  a 
Course.  On  application  to  the  Schools,  this 
Department  will  then  advise  his  employer, 
from  time  to  time,  of  his  increasing  educational 
qualifications  for  responsible  work.  For  stu- 
dents who  wish  to  obtain  other  positions,  the 
Students'  Aid  Department  will  write  letters  of 
recommendation  stating  what  subjects  they 
have  completed. 

It  is  important  for  students  who  utilize  this 
help  to  advance  as  rapidly  as  possible  in  their 
studies.  It  is  of  equal  importance  for  them  to 
do  conscientious  work — to  master  each  subject 
thoroughly.  Otherwise  they  will,  not  be  as 
well  able  as  they  ought  to  apply  their  knowl- 
edge to  their  work. 

The  qualities  displayed  in  study  will  be 
reproduced  in  practical  work.  Employers 
believe  in  men  who  show  ability  to  master  a 
subject  in  study,  because  they  are  likely  also 
to  be  efBlcient  in  the  shop  or  office.  Such  men 
are  singled  out  for  promotion,  and  it  is  to  make 
such  that  our  Courses  present  so  great  an 
opportunity. 

Many  of  our  students  obtain  good  positions, 
partly,  at  least,  on  account  of  the  recommenda- 
tions of  the  Students'  Aid  Department.  As  an 
incentive  to  others  to  advance  and  excel  in 
their  studies,  we  instance  a  few  typical  cases 
from  the  list  of  those  who  have  recently 
done  so: 

Engineer, — Clarence  H.  Wheeler,  Complete 
Mechanical  Course,  with  Messrs.  Fowler,  Dick 
&  Walker,  of  Bingham  ton,  N.  Y. 

Dynamo  Tender. — Andrew  A.  Stewart,  Elec- 
trical Engineering  Course,  with  the  Pullman 
Co.,  Pullman,  111. 

Draftsman. — Charles  H.  Foggit,  Complete 
Mechanical  Course,  with  the  Great  Northern 
Paper  Co.,  Millinockett,  Me. 

Tool  ifaiker.— Howard  H.  Baird,  Complete 
Mechanical  Course,  with  the  Yale  &  Towne 
Mfg.  Co.,  Stamford,  Conn. 

Foreman— "E.  S.  Crane,  Complete  Mechanical 
Course,  with  the  Acorn  Brass  Works,  of 
Chicago,  111. 


Chi^  J^/€drician.— Camden  J.  Weller,  Electric 
Power  and  Lighting  Course,  with  the  Eureka 
Fuel  Co.,  Masontown,  Pa. 

Foreman  Blacksmith.— W.  J.  Frost,  Complete 
Mechanical  Course,  with  the  Equitable  Auto- 
Truck  and  Power  Co.,  Boston,  Mass. 


STICKING  TO  IT 


Few  men  owed  more  to  perseverance  than 
Dr.  Samuel  Johnson,  whose  untiring  efforts 
gave  the  English  nation  one  of  its  best  diction- 
aries, as  well  as  much  of  the  finest  thought  in 
all  literature.  Like  all  earnest  workers,  he 
found  pleasure  in  persistent  work.  ''Life 
affords  no  higher  pleasure,"  says  he,  ''than 
that  of  surmounting  difficulties,  passing  from 
one  step  of  success  to  another,  forming  new 
wishes  and  seeing  them  gratified.  He  that 
labors  in  any  great  or  laudable  undertaking  has 
his  fatigues  first  supported  by  hope  and  after- 
wards rewarded  by  joy."  The  sooner  a  man 
realizes  the  truth  of  this  principle  and  begins  to 
apply  himself  to  enthusiastic,  hard,  and  per- 
fectly honest  work,  the  sooner  he  will  achieve 
the  goal  of  happiness,  and  later  on  that  of  suc- 
cess. 

THE  CHEAP  MAN 

The  man  who  is  content  to  fill  a  position  in 
life  which  requires  no  preparation,  no  study, 
no  training,  must  be  content  as  well  with  the 
wages  of  a  menial.  To  secure  the  richer  and 
lasting  rewards  of  life,  character,  mind,  money, 
or  position,  the  man  must  pay  the  price  of  severe 
training  and  thorough  preparation,  though  it 
cost  years  and  much  money. 

"Did  you  ever  hear  of  a  man,"  remarks 
Thoreau,  the  hermit  philosopher  of  Concord, 
"who  had  striven  all  his  life  faithfuUy  and 
singly  towards  an  object,  and  in  no  measure 
obtained  it?  If  a  man  aspires,  is  he  not  ele- 
vated? Did  ever  a  man  try  heroism,  magna- 
nimity, truth,  sincerity,  and  find  that  there  was 
no  advantage  in  them — ^that  it  was  a  vain 
endeavor?" 

True  courage  is  like  a  kite:  a  contrary  wind 
raises  it  higher. — /.  Petit  Senn. 

"A  bold  onset  is  half  the  battle.  "—Caro^KiWi. 
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out  mere  then  1,000  8ucoe8**ful  watchmakers  ft.  We  teach 
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will  give  yon  cond  practical  training.    Bend  for  catalogue. 

HOROLOOICAL  OCPARTmNT, 
BradUf  PolfUohnIo  InstltuU,  P««ria.  Illinois. 


IMICHICAII  COLLEGE  OF  IMIIIES. 
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usual facilities.  Distinctive  methods  of  instruction.  Special 
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New  York  Trade  School 

20th  Season  Commences  on  October  15, 1900. 
DAT  AND  EVENING  aASSES. 

Practical  and  theoretical  instruction  in  Hoiue, 
Sign,  and  Fresco  Painting,  Bricklaying,  Pluter- 
ing,  Carpentry,  Steam  and  Hot  Water  Fitting, 
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GROCERY  CLERK  TO  COLLEGE  PRESIDENT 

Jaoob  Gould  Schurman,  Prrsidbnt  op  Cornell  University 


Jacob  Gould  Schorman,  ChaiTman  of  the 
recent  Philippine  Islands'  Commission,  is  one 
more  distinguished  citizen  who  has,  by  force 
of  merit,  achieved  distinction  in  the  United 
States. 

He  was  bom  in  Prince  Edward  Island,  fiftj- 
foor  years  ago,  and  the  earlier  years  of  his  life 
were  all  spent  on  Canadian  soU. 

Mr.  Schorman's  fiither  was  a  New  Yorker. 
He  had  moved  to  Prince  Edward  Island  in 
1840,  cleared  a  little  land  and  built  himself  a 
house.  He  was  poor  and  there  were  eight 
children  to  support. 
Jacob,  who  was  the 
fourth  child,  spent  his 
earlier  years  doing  what 
he  could  to  heip  with 
the  work  and  attended 
district  school,  miles 
away,  in  all  kinds  of 
weather.  At  thirteen 
he  left  home  to  make 
his  way  in  the  world, 
and  from  that  time  on 
he  never  received  a 
penny  that  he  did  not 
earn. 

For  three  years  young 
Schurman  worked  in  a 
country  grocery  in  alittle 
island  town,  receiving 
$30  a  year  and  his 
board.  Then  he  decided 
that  he  wanted  a  better 
education,  and  started 
out  to  get  it.  By  work- 
ing for  his  board  he  gave  himself  a  year's 
schooling.  He  had  never  before  studied  Latin 
or  Greek,  but  in  that  year  he  got  the  prepara- 
tion for  college  which  costs  an  ordinary  boy 
four  years'  time.  He  won  a  scholarship  in 
Prince  of  Wales  College,  Charlottetown. 

With  a  few  dollars  which  this  scholarship 
yielded,  and  what  he  could  earn  by  keeping 
books  and  tending  store  in  the  evening,  he  paid 
his  way  for  two  years.  At  the  end  of  that  time 
he  graduated  from  the  college  at  the  head  of 
his  class. 


Jacob  Gould  Schubicah 


Schurman  went  to  Acadia  College,  in  Nova 
Scotia,  to  continue  his  education.  At  the  end 
of  his  course  a  scholarship  in  the  University  of 
London  was  offered  for  competition  in  Canada. 
Schurman  went  into  the  examination  and  won 
the  prize. 

In  London  Schurman  took  up  the  study  of 
philosophy.  In  three  years  he  won  his  doctor- 
ate. He  wanted  to  go  to  Germany  and  study 
under  the  great  leaders  of  philosophic  thought 
The  Hibbard  Society,  in  London,  offered  a 
traveling  fellowship  to  encourage  the  inde- 
pendent study  of  phi- 
losophy. It  paid  $2,000 
for  a  year,  and  the 
holder  could  pursue  his 
studies  whenever  he 
chose.  It  was  open  to 
all  graduates  of  the 
Universities  of  Great 
Britain  and  Ireland. 

There  were  over  sixty 
competitors,  the  star 
men  of  Oxford,  Cam- 
bridge, Edinburgh, 
Aberdeen,  Dublin,  and 
other  fJEunous  universi- 
ties. The  boy  whose 
earliest  school  had  been 
the  backwoods  fiurm  in 
Prince  Edward  Island, 
stood  above  them  all  at 
the  end  of  the  compe- 
tition. 

At  the  end  of  his  stay 
in  Grermany  he  went 
back  to  Acadia  College  and  accepted  a  profes- 
sorship. But  he  did  not  stay  long.  ProfiBaBor 
Schurman  was  a  man  of  independent  thought, 
and  some  of  his  ideas  did  not  meet  favor  in  the 
institution,  where  the  principal  work  was  the 
training  of  men  for  the  Baptist  ministry.  He 
resigned,  and  was  almost  immediately  called 
to  the  chair  of  philosophy  in  Dalhousie  Uni- 
versity, at  Halifax. 

Through  Professor  Schurman' s  going  to  Dal- 
housie he  met  Miss  Munro,  the  young  woman 
who  became  his  wife.    Her  father,  the  pub- 


Digitized  by  ^^UU^  LtT 


SELF-HELP 


THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS,  SCR  ANTON,  PA. 


liaher,  George  Monro,  of  New  York,  waa  the 
principal  patron  of  the  inatitation  of  Halifax, 
to  which  he  gaye  a  Iftige  part  of  hia  fortune. 

In  1886  a  chair  of  philoeophy  was  eatabliahed 
in  Cornell.  President  Andrew  D.  White  re- 
called the  brilliant  yoong  Canadian  he  had  met 
at  one  of  hia  receptions  while  Minister  at  Berlin, 
and  whose  book  ''Belief  in  God  "  he  had  read. 
He  sent  for  Professor  Schnrman,  and  the  Cana- 
dian scholar  became  connected  with  ComelL 

At  the  time  when  Dr.  White  sent  for  Schnr- 
man, the  latter  was  preparing  to  go  to  Ottawa  in 
answer  to  a  snmmons  from  Sir  John  Macdonald. 
The  astate  Conservative  leader  had  heard  of 
the  yoang  college  professor,  and  urged  him  to 
enter  Canadian  politics.  Bat  Dr.  Schnrman 
preferred  to  continue  in  the  scholarly  way. 

In  Cornell  Schnrman  was  fortunate  in  fann- 
ing a  dose  friendship  with  the  late  Henry 
W.  Sage.  Under  his  influence  Mr.  Sage  was 
induced  to  found  the  School  of  Phflosophy, 
now  the  most  important  in  the  country. 

When  Charles  Kendall  Adams  resigned  the 
Presidency  of  Cornell,  in  1892,  Dr.  Schurman 
was  elected  to  fill  his  place. 

Although  one  of  the  youngest  college  presi- 
dents. Dr.  Schurman  has  been  one  of  the  most 


sncoeasfuL  Under  his  direction  Cornell  has 
grown  rapidly  in  wealth  and  attendance.  He 
is  popular.  No  leathern-lunged  sophomore  re- 
joices more  when  Cornell  wins  a  boat  race  than 
does  the  President 

Dr.  Schurman  is  a  man  of  magnificent 
physique,  with  a  strong,  intellectual  &oe  and 
easy  and  pleasant  manners.  He  takes  a  great 
interest  in  aU  young  men,  especially  those  who, 
like  himself  have  their  own  way  to  make  in 
the  world. 

President  Schurman  is  the  senior  editor  of 
The  Philosophical  Review,  the  leading  journal 
of  general  philosophy  in  America.  He  has 
helped  to  give  this  publication  an  exceedingly 
high  tone.  He  is  a  frequent  contributor  to 
philosophical  reviews,  educational  journals. 
The  Forum,  etc  He  has  written  and  pub- 
lished sevend  noteworthy  books,  among  them 
being  ''  Kantian  Ethics  and  the  Ethics  of  Evo- 
lution," ''The  Ethical  Import  of  Darwinism,'' 
"  Belief  in  God,"  and  ''Agnosticism  and  Re- 
ligion." President  Schurman  took  an  A.  M. 
degree  at  the  University  of  London,  D.  Sc,  at 
the  University  of  Edinburgh— both  in  course— 
and  he  has  received  the  honorary  degree  of 
LL.  D.  from  Columbia  University. 
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PUT  DOWN  MY  NAME 


tt 


Choose  a  career,  and  labor  on  it  undismayed, 
unflinchingly,  says  the  Educational  Independ- 
ent, and  success  comes— or  rather  you  will  come- 
to  it.  Nothing  illustrates  this  truth  better  than 
the  life  of  the  fiunous  explorer,  Dr.  Heinrich 
Schliemann. 

Years  ago  a  German  father  read  to  his  boy  a 
translation  of  Homer's  story  of  the  siege  of 
Troy,  and  the  lad  made  up  his  mind  to  find  the 
ruins  of  that  ancient  city.  Troy  had  perished 
in  fiames  three  thousand  years  ago — if,  indeed, 
it  ever  existed  at  all.  "But,"  said  the  little 
German,  "I  will  find  it." 

Though  a  poor  lad,  slaving  at  work  until  bed- 
time, he  procured  books  and  taught  himself  six 
or  seven  languages.  He  pushed  on  and  pros- 
pered until,  as  a  merchant,  he  had  made  a 
fortune.  Every  step  of  bis  study  and  money - 
making  was  taken  with  the  specific  aim  of  fiil- 
fiUing  the  vow  of  his  boyhood.  In  due  time  he 
started  to  Asia  Minor  with  a  company  of 
laborers,  and  for  long,  long  years  pursued  his 


search.  At  last  success  crowned  his  efforts— he 
found  Troy.  His  discovery  created  a  sensation 
through  aJl  the  world.  It  is  now  but  a  short 
time  since  the  treasures  of  gold,  silver,  and 
bronze  dug  out  of  the  palace  of  the  king  of 
Troy,  were  exhibited  in  London. 

For  three  thousand  years  the  blackened  ruins 
of  that  famous  city  had  lain  covered  with  sand. 
By  many  the  city  was  regarded  only  as  the 
fabled  creation  of  poetry,  but  this  German  lad, 
at  his  own  unstinted  expense  and  by  his 
amazing  enterprise,  proved  the  discovery  to 
the  world. 

Think  upon  it.  A  poor  boy,  learning  lan- 
guages at  home,  making  a  fortune,  spend- 
ing seven  years  in  far-away  deserts,  sustained 
through  a  life-time  by  one  fixed  resolution.  He 
vowed  in  boyhood  that  he  would  find  Troy,  and 
he  did  find  it.  As  a  mere  boy  he  said,  "Put 
down  my  name,"  and  when  life  was  flEir  spent 
he  succeeded  in  winning  his  way  into  the 
world's  Temple  of  Fame. 
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A  LARGE  STUDENTS'  CLUB 


From  widely  separated  parts  of  the  country 
come  reports  of  proe])eroaB  organizations  of 
correspondence  students  in  industrial  plants. 
A  very  successful  dub  has  been  running  for 
many  months  among  the  employee  of  the 
National  Cash  Register  Company,  at  Dayton, 
Ohio. 

Joseph  D.  Welden,  chief  engineer  of  the 
Danville,  Pennsylvania,  Bessemer  Company, 
formed  a  club  of  sixteen  young  men  from 
different  departments  of  the  works.  The  mem- 
bers are  studying  different  subjects,  but  they 
find  it  profitable  to  meet  together  and  help 
one   another   on 

the   road   to  self-  4C^v 

improvement  and 
success.  Speaking 
of  his  reasons  for 
organizingtheclub, 
Mr.  Welden  stated 
that  ''It  lies  prin- 
cipally in  the  desire 
to  have  men  about 
us  in  the  works 
who  are  likely  to 
be  of  future  use  in 
ftumishing  avail- 
able men  for  ad- 
vanced positions  as 
they  come  up.  I 
have  found  it  pays 
far  better  to  take 
young  men  from 
lower  positions  and 
break  them  in  on 
special  work  than 
to  hire  outsiders." 

The  subject  of  the  illustrations  given  with 
this  article  is  the  large  club  of  I.  C.  S.  students 
in  the  works  of  the  United  States  Cast  Iron 
Pipe  and  Foundry  Company,  at  Addyston, 
Ohio,  one  of  the  largest  establishments  of  its 
kind  in  the  country. 

The  fact  had  long  been  recognized  by  the 
assistant  superintendent,  Mr.  Andrew  Scheifer, 
that  he  could  save  from  three  to  four  hundred 
dollars  a  month,  in  the  foundry  and  machine 
shops,  by  having  his  men  familiar  enough  with 
mechanical  drawing  to  readily  read  the  drawings 
set  before  them.    He  said  he  would  be  well 


Manageb'8  Office,  Drawdvo  Boom,  aitd  Studknts'  Club  at 
Addtitom,  Ohio 


satisfied  with  that  much,  even  if  the  men  did 
not  all  become  skilled  draftsmen.  With  this 
end  in  view,  he  started  a  drawing  class  of  forty- 
one  men  from  all  departments  of  the  works. 

The  Addyston  class  is  now  under  the  patron- 
age of  the  general  manager,  Mr.  McLaren,  Mr. 
Scheifer  having  recently  been  made  saperin- 
tendent  of  the  Bessemer,  Alabama,  branch  of 
the  company,  where  he  is  organizing  another 
class  of  students.  Mr.  McLaren  takes  great 
interest  in  the  work  of  the  men  in  their  drawing 
room.  He  says  that  he  sees  plainly  where 
the  company  will  be  greatly  benefited  by  this 

study  on  the  part 
of  the  men. 

Every  effort  is 
made  to  give  the 
student-em  p  1  oy  es 
proper  fiunlities  for 
pursuing  their 
studies.  A  fully 
equipped  drawing 
room  much  better 
than  is  ftimiahed 
by  many  oonoems 
for  their  expert 
draftsmen,  has 
been  fitted  up  for 
their  use. 

Corporations 
that  encourage  and 
assist  these  stu- 
dents' dubs  have 
solved  the  problem 
of  how  to  get  trust- 
worthy and  thor- 
oughly competent 
men  to  take  the  vacant  places  that  occur  from 
time  to  time  in  all  big  establishments.  They  are 
assured  of  having  men  in  their  employ,  at  aU 
times,  upon  whose  knowledge,  technical  aa  well 
as  practical,  they  can  rely.  Many  firms  do  not 
approve  of  discharging  old  hands,  even  where 
it  is  apparent  that  they  are  not  up  to  the  standard 
of  modem  workmanship;  and  the  student-chib 
method  of  bringing  them  up  to  a  high  standard 
furnishes  an  easy  solution  of  the  problem  to 
the  executive  officers  of  large  corporatioiifl, 
whose  greatest  difficulty  is  to  secure  the  best 
qualified  workmen  and  heads  of  departmeota. 
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PRACTICE,  THEORY,  AND  HYPOTHESIS 


An  educated  man  is  recognized,  not  by  the 
size  of  the  words  he  usefl,  but  by  hia  exact 
use  of  words.  Accuracy  of  language,  whether 
written  or  spoken,  is  essential  to  success.  Its 
careless,  slovenly,  inexact  use  gives  an  impres- 
sion of  carelessness  in  other  things. 

Few  words  are  used  oftener  or  more  vaguely 
than  the  word  ''theory.''  To  this  term  is 
very  generally  attributed  a  quite  erroneous 
meaning.  It  is  usually  confounded  with  the 
word  "hypothesis"  and  used  where  the  latter 
word  would  convey  the  meaning  intended. 

When  a  thing  has  been  done  or  observed  so 
often  that  general  rules  concerning  it  have 
been  found  to  be  true,  these  general  laws  con- 
stitute theory.  Theory  is  based  on  experience. 
It  is  practice  written  down.  In  any  particular 
line,  it  is  a  statement  of  the  experience  of  those 
engaged  in  that  business. 

Any  supposition,  whether  probable  or  not, 
that  is  not  founded  on  facts  determined  by 
experience,  is  an  hypothesis.  A  schoolboy's 
idea  about  the  world  and  its  strenuous  life  is 
his  hypothesis  concerning  it.  A  man  who  is 
not  fkmiliar  with  a  business  could  not  be  said 
to  present  a  theory  about  it,  but  only  an 
hypothesis,  or  supposition.  Detectives  in  fol- 
lowing up  a  due,  act  on  an  hypbthesis,  because 
their  ideas  are  not  statements  of  proven  facts 
but  of  suppositions  thought  out  in  their  minds. 

Suppositions  are  sometimes  afterwards  proved 
to  be  in  accordance  with  facts.  An  hypothesis 
may  thus,  by  comparison  with  the  results  of 
experience,  be  shown  to  be  true.  It  then  be- 
comes theory,  but  not  until  its  truth  is  estab- 
lished by  facts  derived  from  successful  practice. 

Theory  is  determined  by  experiment,  obser- 
vation, and  thought.  Not  the  simplest  work 
can  be  done  without  theory.  You  send  for  a 
mechanic  to  do  some  work  about  your  house. 
Suppose  he  works  by  hypothesis  only.  He 
pulls  down  your  walls,  tears  up  your  floors, 
and  finds  at  last  that  he  has  done  it  for  nothing 
— ought  to  have  done  something  else.  Another 
man  comes  who  works  according  to  established 
theory,  and  before  doing  anything,  stops  and 
thinks.  He  looks  and  then  reflects.  He  tries 
an  experiment  carefully,  and  watches  the 
result.  At  last  he  finds  the  cause  of  the  dif- 
ficulty and  immediately  proceeds  to  remove  it. 


Every  step  he  takes  is  done  according  to  theory 
established  by  experiment  or  by  previous  ex- 
perience. His  knowledge  of  theory  has  saved 
you  money  and  gained  him  the  reputation  of  a 
reliable  and  progressive  workman. 

''I  sometimes  pass  a  sign,"  says  James 
Freeman  Clarke,  the  well-known  American 
writer,  ''on  which  the  artisan  has  painted, 
'John  Smith,  Practical  Plumber.'  I  should 
not  wish  to  employ  him.  When  the  plumbing 
in  my  house  gets  out  of  order,  I  want  a  theo- 
retical plumber  as  well  as  one  who  is  practical. 
I  want  a  man  who  understands  the  theory  of 
all  the  sdences  of  hydrostatics,  the  qualities 
of  materials,  and  the  other  things  that  relate 
to  his  trade;  and  this  a  merely  practical  man 
cannot  do.  The  merest  artisan  needs  to  theorize 
— ^to  thirik — ^to  think  beforehand,  to  foresee; 
and  it  must  be  done  by  the  aid  of  general 
principles,  by  the  knowledge  of  laws.  All 
success  depends  on  practice,  but  all  improve- 
ment on  theory.  Let  neither  despise  the 
other." 

In  working  according  to  theory  a  man  is 
merely  following  the  methods  of  the  best  and 
greatest  in  his  line.  He  applies  the  methods 
that  have  been  proved  beet  for  each  case. 
Knowledge  of  this  kind  must  be  at  the  ready 
command  of  any  mechanic  who  desires  to  rise 
to  a  position  of  responsibility. 

This  knowledge  is  espedally  necessary  in  the 
use  of  modem  machinery.  A  certain  wood- 
working factory  which  is  well  equipped  with 
the  very  latest  machinery,  has,  however,  a 
'superintendent  of  the  kind  who  does  not  need 
to  be  told  anything  and  yet  never  rises  above 
a  very  small  salary.  Not  one  solitary  machine 
in  his  shop  was  running  at  anywhere  near  the 
right  speed — most  of  them  eitiber  half  too  slow 
or  too  fast.  In  response  to  a  suggestion  to  figure 
the  peripheral  speed  of  his  machines  and  make 
proper  allowanoes  for  hard  and  soft  wood,  the 
superintendent,  a  " practical"  man,  said,  "Out 
with  your  peripheries  and  high  falutin'  talk  I 
I'm  running  my  machines  according  to  common 
sense,  and  the  faster  they  run  the  faster  they 
will  cut."  He  was,  as  a  matter  of  fact,  wasting 
half  the  time  of  the  machinery  sharpening  and 
repairing  cutting  parts,  and  it  was  only  after  an 
actual  demonstration  of  the   effectiveness  of 
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the  theoretically  correct  speed,  that  he  per- 
mitted the  speed  of  the  machines  to  be  altered. 

Sach  is  the  ''practical"  man.  He  does  not 
realize,  what  is  apparent  to  all  who  know,  that 
he  is  the  least  practical  of  men.  He  does  not 
know  that  theory  and  practice  go  together, 
because  one  is  derived  from  the  other. 

Hypothesis  without  practice  to  test  it,  to 
verify  it,  to  correct  it  is  idle  speculation;  but 
practice  without  theory  is  energy  misapplied. 

To  say  that  anything  is  ''  True  in  theory  but 
fSidse  in  practice  "  is  a  misuse  of  terms.  An  hy- 
pothesis may  be  plausible,  but  Mse;  but  theory 
is  the  result  of  practice  and  is  true  necessarily. 


Men  working  side  by  side  do  a  certam 
amount  of  labor— one  with  &r  less  ezertioD 
than  the  other.  One  is  familiar  with  the  theory 
of  mechanical  practice,  and  calls  it  to  his  asBst- 
ance.  The  man  with  more  knowledge,  not  the 
one  with  more  strength,  is  the  profitable  work- 
man. He  is  equipped  with  a  knowledge  of 
laws  not  to  be  acquired  in  daUy  routine,  bot 
nevertheless  essential  to  his  success,  a  knowl- 
edge that  cannot  be  obtained  without  itodj 
of  what  others  have  done  and  learned.  One 
of  the  secrets  of  success  is  not  the  mere  posBn- 
sion  of  power,  but  the  knowledge  of  bow  to 
apply  it 


SELF-IMPROVEMENT  REQUIRES  PERSEVERANCE 


''Many,  when  circumstances  have  turned 
their  attention  to  self-improvement,  and  while 
the  glowing  picture  is  before  them,''  says 
Tryon  Edwards,  ''often  make  excellent  and 
sometimes  prodigious  resolutions.  But  because 
they  do  not  at  once,  as  by  a  leap,  become  per- 
fect, they  are  soon  ready  to  give  up  their  efforts 
in  despair.  For  such,  for  all,  it  were  well  to 
remember  that  self-education  is  a  matter  of 
slow  progress,  of  patient  and  persevering  effort, 
and  that  in  little  things,  from  day  to  day  and 
from  hour  to  hour. 

"It  is  the  fixed  law  of  the  universe  that 
little  things  are  ever  the  elements — ^the  parts — 
of  the  great.  The  grass  does  not  spring  up  full 
grown;  it  rises  by  an  increase  so  noiseless  and 
gentle  as  not  to  disturb  an  angePs  ear,  and  not 
to  be  seen  by  an  angeVs  eye.  The  rain  does  not 
fall  in  masses,  but  in  drops,  or  even  in  the 


breath-like  moisture  of  the  fine  mist,  as  if  the 
world  were  one  vast  condenser,  and  the  Almighty 
had  breathed  upon  it.  The  planets  do  not  leap 
from  end  to  end  of  their  orbits;  but  in  tbdr 
ever  onward  progress,  inch  by  inch,  and  line 
by  line  it  is  that  they  circle  the  heavens. 

"And  so  with  self-improvement.  It  is  not 
a  thing  of  fits  and  impulses,  and  explosioDE, 
but  of  constant  watchfulness,  and  patient  and 
unwearied  effort,  and  of  gradual  and  ceaselea 
advancement. 

"Like  the  wealth  of  the  miser,  it  must  be 
heaped  up  piece  by  piece;  and  then,  at  leng:th, 
like  the  wealth  of  the  miser  it  may  also  be 
without  limit.  Like  the  coral  reefig  of  the 
ocean  it  must  grow  by  small  but  constant  addi- 
tions; and  then  it  will  finally  be  like  those 
coral  reefs,  admirable  in  all  its  parts,  and  riyal- 
ing  the  very  mountains  in  size.'' 
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TAKING  STOCK 


It  ifl  a  good  idea  for  those  on  the  pathway  of 
aelf-improyement  to  stop  occaaionally  and  take 
stock  of  progress. 

A  mental  and  moral  inyentory  will  show 
exactly  where  you  are,  and  if  you  haye  been 
practicing  self-help  for  many  months,  you  will 
be  surprised  at  the  advance  made  in  many 
lines. 

In  a  financial  way,  the  expense  of  your  course 
of  study  may  easily  have  been  ofbet  by  money 
saved  from  evenings  spent  at  home  and  not 
''out  with  the  boys."  You  cannot,  moreover, 
conscientiously  follow  up  a  course  of  study 
without  being  stimulated,  through  increased 
mental  efficiency,  to  greater  efficiency  in  daily 
work.  If  you  have  not  already  experienced  an 
advance  in  position  or  salary,  you  can  be  sure 
that  it  is  only  because  you  have  not  been  at  it 
long  enough,  or  a  good  chance  for  you  to  sdxe 
has  not  presented  itself.  Your  superior  officer 
has  been  watching  you,  however,  and  if  your 
endeavors  for  self-improvement  have  been 
earnest  and  sincere,  you  have  risen  in  his  esti- 
mation and  are  that  much  further  along  than 
when  you  started. 

The  retrospect  over  the  year's  efforts  at  self- 
improvement  will  show  a  decided  balance  on 
the  side  of  increased  mental  power.  The  gray 
matter  of  the  brain  grows  in  strength  and 
quality  through  mental  exercise,  just  as  surely 
as  the  muscles  of  the  body  do  through  athletics 
or  manual  labor.  If  you  have  persevered  in  a 
course  of  study  in  the  months  just  past,  you  can 
be  certain  that  your  increased  mental  aJertness 
and  power  of  concentration  constitute  no  small 
addition  to  capital  that  will  tell  heavily  in 
ftiture  progress. 

Did  you  ever  think  how  much  of  an  uplift  a 
course  of  study  can  be  in  a  social  way  7  Bo  you 
know  what  is  the  heart  and  soul  of  all  the  good 
society  in  the  world?  All  the  society  that  is 
worth  anything  at  all  is  founded  on  the  superior 
aims  and  thoughts  of  its  members.  Money  is 
not  the  basis  of  good  society^brains  and 
character  are.  Your  course  of  study  has  sub- 
stituted for  you  higher  thoughts  and  aims  than 
you  had  before,  and  in  proportion  as  you  have 
gone  into  it  with  thoroughness  and  enthusiasm, 
it  has  lifted  you  into  the  company  of  the  world's 


best  and  greatest,  made  you  the  same  in  spirit 
as  the  members  of  the  best  society,  and  raised 
you  high  in  the  esteem  of  those  of  your  ssso- 
dates  whose  good-wiU  is  worth  having. 

All  told,  the  retrospect  over  the  jMiat  should 
give  you  both  much  cause  for  satisfaction,  and 
some  regrets  doubtless,  that  in  some  lines  more 
progress  has  not  been  made. 

After  the  inventory  is  taken,  and  all  the  stock 
accounted  for,  good  and  bad,  comes  the  time  to 
lay  plans  for  the  afEairs  of  the  coming  year. 

Brains  and  character  constitute  your  capital, 
and  self-improvement  the  method  for  advancing 
your  interests. 

You  have  made  progress  in  the  year  just  past 
Resolve  to  have  even  greater  financial,  mental, 
and  sooial  assets  when  you  next  stop  for  inven- 
tory. 

Have  you,  in  any  respects,  failed  to  make  an 
advance?  In  some  department  your  stock  is 
stationary  or  shows  a  loss  ?  Make  careM  note 
of  every  point  that  does  not  show  advance- 
ment, and  resolutely  plan  for  special  attention 
to  all  weak  points  in  the  development  of  mind 
or  character. 

To  be  certain  of  substantial  progress  the 
coming  year,  you  must  devote  as  carafol  atten- 
tion to  every  phase  of  self-improvement  as  a 
merchant  does  to  the  development  of  his  busi- 
ness. 

The  New  Year,  from  time  immemorial,  has 
been  the  turning  point  of  many  a  life  devoted 
to  self-help. 

The  ancient  Romans  always  did  something  in 
the  way  of  their  art  or  calling,  to  begin  the  year 
industriously,  counting  it  lucky  to  begin  any 
new  enterprise  or  enter  upon  any  new  office  on 
New  Year's  Bay.  Every  day  that  is  given  to 
elevation  of  mind  or  character,  is,  of  coarse,  a 
day  of  good  fortune.  But  the  beginning  of  the 
new  year  will  always  appeal  to  many  as  an 
appropriate  time  to  "turn  over  a  new  leaf." 

If  no  progress  has  been  made  in  the  past 
twelve-month,  see  to  it  now  that  you  do  not 
have  the  same  regret  to  feel  a  year  henoe;  and 
in  all  lines  in  which  you  have  aidvanoed,  resolve 
that  at  the  next  stock-taking  you  will  be  able 
to  look  back  upon  an  even  greater  growth  than 
you  can  today. 
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CLERK  TO  GENERAL  MANAGER 

H.  F.  MagGbbgob,  Vicb-Pre8ident  and  Gkveral  Manager  of  the  Houston  Street 

Railway  Company 


H.  F.  MaoG&bgob 


"Avenge  ability,  honesty,  and  good  habits," 
aayfl  H.  F.  MacGregor,  Tioe-preeident  and 
general  manager  of  the 
Houston  (Texas)  Electric 
Street  Railway  Company, 
"are  the  three  under- 
lying conditions  for  suc- 
cess. In  addition  to 
these,  a  man  should  be 
industrious,  and  should 
endeavor  to  acquire  suf- 
ficient knowledge  of  the 
business  he  is  .engaged 
in  to  operate  it,  and  to 
conform  to  the  views  of 
his  superior  in  his  absence,  so  that  his  employer 
will  feel  perfectly  safe  in  leaving  any  part  of  the 
business,  or  all  of  it,  in  his  hands  to  direct. 

"Successful  business  men  like  to  lean  on 
competent  men  and  to  be  relieved  of  the 
onerous  work  which  competition  has  forced  on 
them. 

"Those  that  have  shown  a  capacity  to  make 
money  for  other  people  will  find  it  easy  to 
obtain  money  belonging  to  other  people,  with 
which  to  go  into  business  on  their  own  account, 
even  if  their  own  savings  have  been  small. 

"  The  executive  quality  is  what  commands 
large  salaries,  and  financial  backing  when 
needed.  Mere  clerical  work  and  perfunctory 
service,  even  of  the  highest  class,  does  not 
attract  attention  and  is  very  easily  obtained, 
because  plentiful.  Any  man  who  will  study  to 
grasp  the  whole  situation  and  will  undertake 
to  improve  his  opportunities  fully  in  an  execu- 
tive way  will  attract  attention.  I  do  not  mean 
by  this  that  a  man  should  undertake  to  demon- 
strate that  he  knows  more  than  the  man  who 
is  employing  him,  but  that  he  should  endeavor 
to  carry  out  the  views  of  his  employer;  if  he 
has  suggestions  of  merit  to  make,  they  will  be 
gradually  adopted,  without  his  trying  to  be  too 
smart  The  cause  of  fiedlure  of  some  men  of 
ability  is  that  they  expect  their  views  to  be 
adopted  at  once,  and  think  their  education  is 
superior  to  that  of  the  man  they  are  working 
for.    They  make  an  untactful  display  of  this. 


instead  of  working  patiently  and  performing 
their  duties  in  a  way  that  will  commend  itself 
and  bring  a  profit  to  the  business.  They  should 
be  satisfied  with  a  gradual  process  of  promotion. 

"  Success  comes  only  after  a  long  period  and 
a  great  deal  of  hard  work.  There  is  no  easy 
way  to  fkme  or  fortune.'' 
'  Mr.  MacGregor  was  bom  in  Londonderry, 
New  Hampshire,  of  Scotch-Irish  descent,  his 
people  being  among  the  first  settlers  of  that 
state.  He  went  through  the  usual  course  of 
New  England  boys,  working  on  the  form  in 
summer  and  going  to  school  in  winter.  After 
graduating  from  the  New  Hampshire  Business 
College,  he  clerked  for  two  years  in  Massa- 
chusetts, and  at  the  age  of  eighteen  came  to 
Texas  and  immediately  found  employment  in 
the  Galveston  office  of  the  Houston  Direct 
Navigation  Company. 

After  the  steamboat  business  was  crowded 
out  by  the  railroads,  he  was  elected  secretary  of 
the  Galveston  City  Railroad  Company.  He 
became  interested,  later,  in  the  Houston  City 
Railway  Company,  and  is  now  vice-president 
and  general  manager  of  its  successor,  the 
Houston  Electric  Street  Railway  Company. 
Mr.  MacGregor's  prominence  in  business  afikirs 
is  also  shown  by  the  fact  that  he  is  president  of 
the  Houston  Business  League,  third  vice-presi- 
dent of  the  South  Texas  National  Bank, 
treasurer  of  the  Houston  Printing  Company, 
publishers  of  the  Houston  Post,  and  has  other 
business  connections.  In  politics,  also,  he  has 
risen  to  much  prominence,  having  been  chosen 
president  of  the  Republican  State  League  of 
Texas.  His  busy  and  successful  career  consti- 
tutes an  excellent  example  of  what  any  young 
man  can  accomplish  by  hard  work  and  the 
persistent  cultivation  of  l^e  qualities  universally 
known  to  make  for  success  in  life. 

"The  great  high  road  of  human  welfare  lies 
along  the  old  highway  of  steadfast  well-doing '' ; 
says  Samuel  Smiles,  "and  they  who  are  the 
most  persistent,  and  work  in  Uie  true  spirit, 
will  invariably  be  the  most  successful.  Success 
treads  on  the  heels  of  every  right  effort." 
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YOU  WILL  NEVER  FIND  SUCCESS  WITH  CHISEL 
AND  HAMMER  ALONE 


Your  own  experience  alone;  will  never  make 
you  %  Yerj  Buocesflful  man. 

Yon  might  if  ork  with  tools  for  fifty  yean,  and 
then  not  know  the  hundredth  part  of  what  the 
thousands  of  others  in  your  line  have  learned. 

You  could  waste  half  your  lifetime  experi- 
menting on  methods  that  others  have  long  since 
found  bad — something  you  might  have  found 
in  a  single  day,  by  reading  what  they  have  dis- 
covered about  it. 

You  will  never  be  paid  for  how  much  you 
do,  nor  for  how  long  a  time  you  spend  at  your 
work.  "  Your  work  may  occupy  long  hours," 
says  Edward  Atkinson,  ''and  may  be  applied 
to  arduous  manual  labor,  or  it  may  be  done  in 
a  short  number  of  hours  per  day,  with  but  little 
physical  effort  Neither  the  hours  nor  the 
effort  constitute  any  measure  on  which  pay- 
ment can  be  based.  The  measure  of  payment 
is  fixed  by  the  measure  of  the  work  saved  to 
him  who  makes  the  payment." 

To  save  your  employer  labor,  you  must  study 
his  business  in  sdl  its  aspects,  practical  and 
theoretical.  You  must  think,  think,  think, 
about  it.  You  must  study  every  detail,  master 
every  principle  governing  it,  just  as  your  em- 
ployer has  done;  and  then,  at  last,  you  will  be 
able  to  save  him  some  work,  and  become  worthy 
of  increased  payment  Whether  your  employer 
is  foreman,  chief  of  department,  superintendent, 
manager,  or  proprietor,  the  principle  governing 
your  wages  is  the  same — you  must  learn  his 
]^ork,  or  you  can  never  advance. 

Books  contain  the  kind  of  knowledge  you 
need,  only  a  little  out  of  date.  Trade  papers 
contain  much  more  recent  information,  but 
without  systematic  arrangement.  The  best  and 
latest  statements  of  experience  are  found  in  the 
technical  courses  of  a  good  correspondence 
school. 

Your  eyes  and  ears  will  also  furnish  invalu- 
able information  about  methods  and  processes 
in  the  places  where  you  work. 

Do  not  be  afraid  to  ask  questions.  The  fore- 
man will  show  you  many  things  connected  with 
the  work,  if  you  ask  him  to.  So  will  the 
superintendent.  It  la  part  of  their  business  to 
increase  your  efficiency;  one  of  their  heaviest 


burdens  of  responsibility  is  to  keep  raising  the 
standard  of  the  works  and  to  increaae  the 
efficiency  of  the  most  intelltgent  men,  in  order 
to  have  some  on  whom  they  can  call  for  special 
work  or  a  promotion.  Make  yoor  superior 
officers  realize  that  you  are  intelligent  and  that 
you  propose  to  qualify  yourself  for  higher 
work. 

Hundreds  of  the  rich  and  influential  men  of 
this  country  were  once  doing  exactly  what  you 
are  doin^^at  the  bench,  working  as  a  carpenter 
or  a  journeyman  plumber,  or  in  some  other 
trade.  Find  out  what  you  can  about  the  career 
of  some  such  man  that  you  know  of.  How  did 
he  come  to  rise  above  his  fellows?  Favoritism 
has  helped  a  few  successful  men;  but  the  vast 
majority  improved  their  spare  moments  to 
learn  things  they  could  not  learn  from  merely 
handling  a  luunmer  and  a  chisel.  Their  ham- 
mer blows  were  not  delivered  sleepily  or  Usily. 
Every  moment  was  energetic  and  alert  from  the 
expectation  of  better  things,  and  the  determina- 
tion to  do  everything  in  the  best  possible  way. 

You  will  be  able  to  handle  even  chisel  and 
hammer  better,  if  you  observe  and  study  how 
other  successful  men  handle  theirs. 

Behind  the  success  of  every  man  that  has  not 
risen  through  fraud,  lies  a  history  of  details 
mastered,  of  hard  problems  solved,  such  as  yon 
are  now  meeting,  of  methods  improved  through 
study,  and  of  careful  preparation  for  each 
higher  position. 

If  you  proudly  claim  to  be  a  ''  practical  man," 
and  do  not  prove  your  claim  by  mastering  the 
experience  of  other  men  more  practical  and 
successful  than  yourself,  you  may  be  certain 
that  you  can  rise  in  life  only  slowly  and  with 
difficulty;  that  probably  you  wiU  not  rise  much 
above  what  you  are  now;  and  that  sometime 
you  will  be  likely  to  give  up  your  place  to  some 
one  who  knows  more  than  his  own  tools  have 
taught  him. 

It  will  always  be  a  source  of  surprise  to  many 
people  why  the  man  who  directs  is  better  paid 
than  the  man  who  executes.  They  see  a  rail- 
road manager  traveling  around  the  country  in 
a  mi^ificent  private  car,  dictating  letters  to 
his   secretary,  issuing  orders  broadcast,  and 
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doing  yery  little  manual  work.  They  notice 
that  a  chief  engineer  spends  much  of  his  time 
at  a  desk  overlooking  the  engine  room,  and 
seldom  touches  the  machinery  under  his  charge. 
Yet  both  manager  and  chief  receive  salaries 
largely  in  excess  of  those  of  the  subordinates 
who  bend  over  the  desk  or  are  busy  with  the 
engines  all  day  long. 

Sach  men  know  all  the  'Mns  and  outs"  of 
the  work  of  which  they  are  the  head,  and  could 
if  necessary,  fill  any  position  from  the  lowest  ta 
highest  The  manager  of  a  railroad,  who,  it 
may  be,  began  life  as  a  brakeman,  knows  how 
to  couple  cars,  take  up  tickets,  audit  accounts, 
and  so  on  up  to  directing  the  affairs  of  the 
entire  system.    The  chief  engineer  knows  how 


to  fire  boilers,  repair  engines,  and  every  other 
detail  of  the  work.  Each  one  began  lower  down 
than  where  you  are  now,  learned  the  practice 
and  theory  of  every  step,  and  now  stands  as  an 
example  of  the  fact  that  it  pays  to  know  how. 

But  none  of  them  could  have  earned  their 
present  salaries,  if  they  had  been  "practical 
men"  furnished  only  with  their  own  personal 
experience. 

You  should  never  stop  at  the  rudiments  of 
your  trade  or  profession.  Do  not  be  content 
with  a  few  mechanical  tricks,  but  master  all 
the  details,  know  how  to  do  everything  from 
bottom  to  top,  and  presently  you  may  let  other 
less  enterprising  people  do  the  hard  work, 
while  you  reap  the  reward  of  your  knowledge. 


THE  HALL  OF  FAME 


By  the  munificence  of  Miss  Helen  Gould,  there 
has  been  erected  on  the  grounds  of  New  York 
University,  in  New  York  City,  a  structure  to  be 
known  as  "The  Hall  of  Fame."  In  its  long 
colonnade  are  vacant  spaces  for  the  names 
of  one  hundred 
Americans,  the 
most  famous  of 
the  country. 
Twenty-nine 
names  have  just 
been  chosen. 

It  is  profitable 
to  observe  what 
influence  educa- 
tion had  on  the 
careers  of  these 
twenty-nine  to 
make  them 
v^orthy  of  so 
distinguished  an 
honor.  Of  the 
entire  number,  eighteen  received  a  college  edu- 
cation, while  eleven  were  self-educated. 

The  ten  statesmen  and  jurists  are  equally 
divided  between  college  and  self-educated  men. 
Two  military  heroes  received  the  equivalent  of 
a  college  education,  while  one  did  not.  The 
two  artists  are  equally  divided.  Bat  one,  out 
of  three  authors,  was  self-made.  The  same  is 
true  of  the  two  inventors.     All  three  of  the 


The  Hall  of  Famb 


great  theologians  were  college  men;  as  was  the 
single  great  educator.  The  only  botanist  chosen 
was  a  college  man.  The  single  naturalist  was 
not  The  two  greatest  Americaa  philanthropists 
tasted  in  youth  but  the  rudiments  of  education. 

It  is  a  remark- 
able showing, 
containing  worlds 
of  encouragement 
for  solitary  seek- 
ers after  truth, 
that  so  large  a 
proportion  of 
America's  great- 
est men  as  eleven 
out  of  twenty- 
nine  should  have 
been  almos  t 
wholly  without 
the  advantages  of 
a  good  education. 
The  immortal 
Washington,  who  stands  easily  at  the  head  of 
the  list,  received  no  school  training  after  he 
reached  the  age  of  sixteen.  The  limit  reached 
seems  to  have  been  the  subjects  of  reading,  wri- 
ting, arithmetic,  and  a  little  geometry  and 
surveying.  He  was,  however,  an  extremely 
conscientious  and  painstaking  student  in  every- 
thing that  he  took  up. 
Abraham  Lincoln' s  advantages  may  be  known 
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from  what  he  aaya  of  the  sohools  in  which  he 
received  his  little  instructioii,  ''No  qualifica- 
tion waa  eyer  required  of  a  teacher  beyond 
reading  writin',  and  cipherin'  to  the  rule  of 
three.  There  was  absolutely  nothing  to  excite 
ambition  for  edncution."  In  spite  of  such  an 
obstacle,  Lincoln  became  a  well  educated  man, 
because  he  made  the  best  use  of  the  limited 
opportunities  afforded  him  and  learned  all  that 
the  half-educated  backwoods  teachers  could 
impart.  He  read  all  the  books  he  could  find, 
oyer  and  oyer  again.  Like  Washington,  he 
practiced  the  famous  rule,  ''To  remember, 
write,''  by  putting  in  writing,  from  childhood 
up.  Ids  recollections  of  what  he  had  read  and 
his  impressions  of  what  he  saw  about  him. 

Benjamin  Franklin,  whose  enduring  fune  is 
known  worldwide  both  in  circles  of  statesman- 
ship and  science,  waa  another  insatiable  reader, 
and  turned  all  of  his  few  shillings  into  books. 
All  the  school  education  he  had  was  little  more 
than  a  year  before  he  was  ten  years  old. 

The  greatest  of  American  jurists,  Chief-Justice 
MarshaU,  never  received  college  training. 

The  schooling  of  Washington  Irving,  one  of 
our  most  famous  authors,  was  finished  at  six- 
teen. It  was  not  at  all  thorough,  for  he  had 
nothing  beyond  the  English  branches  but  the 
merest  smattering  of  Latin.  But,  like  all  other 
self-educated  men,  he  read,  intelligently  and 
voraciously,  many  good  books. 

Most  of  our  military  heroes  were  educated  at 
one  of  the  national  academies,  but  our  greatest 
admiral,  David  G.  Farragut,  was  in  the  navy  at 
ten  and  in  command  of  a  prize  crew  a  little 
later,  though  having  had  only  a  little  schooling, 
in  Louisiana  and  at  Chester,  Pennsylvania. 


•  Henry  Clay,  the  great  compromiser,  who  by 
his  tactftd  adjustment  of  vital  differences,  many 
times  saved  the  Union  from  dvil  strife,  received 
some  elementary  instruction  in  a  log  school- 
house,  but  at  fourteen  was  clerking  in  a  store, 
his  school  days  ended. 

George  Peabody  and  Peter  Cooper,  the  two 
greatest  philanthropists,  had  few  educational 
advantages,  the  former  learning  to  read  and 
write  before  he  became  a  derk  at  eleven,  and 
the  latter  havinjs  been  limited  to  half  days 
during  a  single  year. 

It  is  plain  that  the  greatest  and  best-known 
names  in  The  Hall  of  Fame  are  not  among  those 
who  had  a  coU^^e  education,  or  its  equivalent, 
though  many  bright  ones  are  found  among  the 
eighteen  college  graduates  honored  by  a  place 
among  the  hundred — Webster,  Grant,  Jefferson, 
Emerson,  LongfeUow,  Jonathan  Edwards  and 
Channing  the  theologians,  Morse,  Hawthorne, 
Lee,  Horace  Mann  the  educator,  Beecher,  Eli 
Whitney,  James  Kent  and  Joseph  Story,  jurists, 
John  Adams,  Audubon  the  naturalist,  Stuart 
and  Hunt,  artists,  and  Asa  Gray,  botanist. 

There  are  still  seventy-one  vacant  tablets  in 
The  Hall  of  Fame.  Who,  of  this  generation,  will 
cause  their  names  there  to  stand  in  enduring 
bronze  ?  College  education,  though  a  great  help, 
is  by  no  means  essential  to  tiie  attainment  of  this 
mark  of  worth.  Many  of  those  niches  of  honor 
will  be  occupied  by  the  names  of  men,  now 
living,  who  have  had  no  advantages  whatever- 
men  who  have  chosen  one  aim  in  life,  and 
un&ltering,  determined,  and  patient,  are  mov- 
ing steadily  along  the  difficult  path,  to  win,  to 
the  best  of  their  ability,  the  h^hest  crowns  of 
within  their  sight. 


THE  NEW  HIGHWAY  TO  SUCCESS 


Those  who  desire  to  succeed  in  life  should 
put  themselves  in  the  line  of  least  resistance 
to  success. 

Times  change  and  with  them  change  the 
broad  avenues  to  success.  The  methods  of  a 
past  generation  are  not  likely  to  be  the  best 
for  today. 

As  far  back  as  the  memory  of  living  men 
goes,  it  has  been  taught  that  "Competition  is 
the  life  of  trade.''    Believing  in  this  maxim, 


thousands  of  men,  young  and  old,  are  still 
casting  about  for  ways  to  enter  the  now  narrow 
and  devious  pathway  of  competition,  not 
realizing  that  the  day  of  competition  is  begin- 
ning to  pass  away. 

It  is  nothing  remarkable  that  men  brought 
up  to  believe  that  the  sole  avenue  to  Bocoess 
lies  through  competition,  should  imagine  that 
because  the  way  of  competition  is  becoming 
more  difficult,  all  ways  of  advancement  are 
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•blocked.  It  is  imfortunate,  however,  that  men 
who  hold  each  opinions  and  are  sore  to  be  widely 
quoted  in  the  preaa,  shoold  give  utterance  to 
opinions  calculated  to  discourage  thousands  of 
seekers  for  success.  For  example,  in  a  recent 
widely-quoted  speech,  Mr.  Richard  Croker,  of 
New  York,  said:  ''  If  I  were  to  use  a  common, 
every-day  expression  to  convey  my  idea  of  the 
condition  of  the  man  who  seeks  a  future,  I 
should  say  that  he  is  '  up  against  it'  There  is 
no  ladder  on  which  he  can  dimb.'' 

Similar  sentiments  are  expressed  by  other 
men,  who  evidently  have  not  read  the  signs  of 
the  times. 

Cries  of  this  kind,  however,  have  been  heard 
for  ages.  In  every  century,  men,  blind  to 
changes  in  conditions,  have  proclaimed  sadly 
that  the  last  avenue  to  success  was  closed. 
Such  words  have  discouraged  thousands 
through  the  prominence  of  the  speakers,  not 
because  they  were  true. 

On  the  otiier  hand,  flur-seeing  and  practical 
men,  have  shown  the  falsity  of  the  claims  of 
this  worst  dass  of  calamity  criers;  and  there 
are  not  wanting  today,  fortunately,  many  to 
announce  new  avenues  to  advancement 

It  is  in  the  employ  of  large  corporations  that 
the  best  opportunities  exist  today.  It  is  not 
clerkships  only,  that  these  concerns  offer  to  the 
ambitious.  Any  man  who,  in  addition  to  a 
substantial  character,  possesses  enterprise,  and 
education  enough  to  successftOly  hold  a  suboi^ 
dinate  position,  can  advance  in  their  employ  to 
the  very  limit  of  his  capacity,  and  will  do  as 
well  or  better  than  if  he  were  in  business  Ux 
himself.  Above  the  clerks'  and  laborers' 
places  in  large  concerns  are  foremanships, 
chiefships  and  managerships  of  departments,^ 
superintendencies,  and  the  great  positions  oJf 
management 

With  the  gradual  disappearance  of  the  small 
firm  is  going  much  of  the  gross  favoritism  that 
has  dampened  the  ardor  of  many  an  aspirant 
for  advancement.  While  influence  may  secure 
a  position  in  the  employ  of  a  great  corporation, 
the  interests  at  stake  are  so  vast  that  the 
employe— whether  manager  or  clerk — quickly 
gravitates  up  or  down  until  he  reaches  the 
place  commensurate  with  his  worth. 

Not  every  one  desbes  to  become  a  Rocka- 
feller,  Oam^e,  Gould,  or  Field.  To  reach  the 
dizzy  heights  of  financial  success  on  which  they 


stand,  one  must  be  a  specialist  in  money- 
making,  to  the  exclusion  of  much  else. 
"Celebrity,"  says  Emile  Sonveetre,  "sells 
dearly  what  we  think  she  gives."  "A  great 
fortune,"  said  Seneca,  the  Roman  philosopher, 
centuries  ago,  "is  a  great  servitude."  Great 
fiEune  or  enormous  w^th  are  not  the  most 
desirable  things  in  the  world. 

The  average  man  is  not  able,  nor  does  not 
care  to  bear  the  crushing  burden  of  responsi- 
bility imposed  by  such  success. 

Below  the  lofty  pinnacles  of  success  are  a 
host  of  good  positions  guaranteeing  excellent 
incomes,  with  no  greater  load  of  care  than  a 
man  can  carry  and  at  the  same  time  make 
much  of  himself  in  ways  that  produce  more 
happiness  than  all  the  money  and  publicity  of 
.  the  highest  places. 

These  lower  places  are  open  to  all  comers 
who  will  prove  their  worth.  No  man  is  too 
old,  no  boy  too  young,  to  be  out  of  the  race  for 
the  lesser  and  really  more  desirable  prizes.  We 
know  of  numbers  of  cases  where  men  of  fifty  or 
more,  and  boys  under  twenty  have  advanced  to 
very  desirable  positions,  as  a  result  of  self- 
improvement  recently  entered  upon.  Every 
man  who  feels  that  it  is  in  him  to  sucoess- 
ftdly  hold  a  higher  position  than  he  now 
occupies,  has  today  a  better  chance  of  gratify- 
ing his  ambition  than  he  ever  could  have  had 
before.  Not  only  is  the  industrial  world 
quicker  than  ever  before  to  recognize  capacity 
for  advancement  and  accord  it  its  due,  but  there 
are  now  many  means  of  self-improvement  that 
did  not  even  exiist  ten  years  ago. 

Let  every  man  who  wishes  to  advance,  first 
see  to  his  character,  that  he  is  foroefiil,  earnest, 
and  thoroughly  reliable.  If  deficient  in  any 
trait,  he  should  take  particular  pains  to  culti- 
vate it  and  thus  lessen  his  chances  of  failure. 

Let  him  manifest  enterprise  in  his  work,  and 
show  himself  a  man  of  more  ability  than  is 
required  in  his  present  position. 

Let  him,  finally,  study  the  theory  and  prac- 
tice of  the  positions  above  him,  so  as  to  be 
qualified  for  a  responsible  place. 

The  unsatisfied  demand  of  the  business  and 
industrial  world  is  for  men  who  have  prepared 
themselves  for  better  things.  Even  though 
the  competitive  system  of  business  should  dis- 
appear completely,  opportunities  will  never  be 
wanting  to  the  man  who  is  ready. 
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1.  We  have  the  only  building  in  America  p«it  up  exdu- 
slYely  for  Horological  Education.  2.  We  have  special  teach- 
ers who  give  all  their  time  to  teschlng.  8.  We  have  the 
largest  and  best  equipment  in  America.  4.  We  have  sent 
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made  to  look  like  this  writing  by  securing 

MANUAL  OF  SIMPLIFIED  SCRIPT 

and  by  following  its  instructions.  New  and  practical.  Con- 
tains 90  slips  2x6  inches;  copies  on  one  side,  instruction  on 
the  other;  sensibly  convenient:  truly  progressive.  Designed 
specially  for  home  students  and  self  instruction.  Price  60 
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LEARN  TO  WRITE  WELL. 

Ton  can  do  it  in  odd  moments  at  home.   Trifling 
A  good  handwriting  secures  higher  salary  and 


Oadar  Rapids,  Iowa. 

positions.  No  failure  by  this  method.  Peraonally  ooii> 
ducted  by  A.  N.  Palmer,  editor  of  WttUxn  iRsmmm  for  foor- 
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ime  to  Betfin 

Summer  Sports  are  ended    ^m 

and  we  are  asking,  "What  shall  we  do  with  the  long  Fall  and  Winter  even- 
.     s  ?"    Waste  them  or  use  them  profitably? 
The  study  of  law  is  interesting,  profitable,  and  properly  directed  is  not  hard. 
It  requires  concentration  of  thought,  but  so  does  the  pursuit  of  any  worthy  object 
Why  not  study  law  this  Winter  at  home  ?     If  you've  any  leisure,  any  ambition 
and  Tory  little  money,  there  is  nothing  to  prevent. 

You  may  not  have  the  time  or  money  to  attend  a  law  school ;  our  plan  is  very 
attractive,  as  we  equip  you  in  your  spare  time  only.  The  regular  law  schools  have 
more  students  this  fall  than  ever  before.  We  believe  it  to  be  largely  due  to  our 
efforts  through  the  press  and  otherwise,  during  the  past  ten  years,  to  demonstrate 
the  value  of  a  law  course  to  every  man.  Most  of  these  students  will  become 
lawyers ;  but  many  are  taking  the  course  to  equip  them  for  larger  usefulness  in 
every  field. 

We  will  take  you— now— with  such  leisure  as  you  have,  without  fixed  habits 
of  study,  and  perhaps  without  fixed  future  plans/  and  by  next  Spring,  we  will 
.  guarantee  you  to  have  completed  a  lare:e  part  of  the  first  year  of  the  usual 
college  course— enough,  so  that  nothing  will  prevent  your  completing 
the  two  years'  course,  obtaining  a  thorough  legal  education  and 
equipment  for  the  bar  or  business. 
Is  this  not  more  attractive  than  a  wasted  winter? 
We  offer  a  Preparatory  Law  Course,  a  Business 
Law  Course,  a  regular  two  years'  College  Law 
Course,  which  prepares  for  admission 
to  the  bar. 

We  are  now  making  a  special  oflfer  to 
new  students.  A  postal  will  brii 
catalogue  and  full  particulars. 


Sprague 


140  Mi^tio 


CormpoMMiiot 

jMtioBnlldtac. 


School  of  Law, 


LEARN 

wmTE 

ADS' 


Wh]^  dvn't  you  %t\  in  Ihc  ^ 

jt«iHl    Ad   nrlur   Biii^e*   ludci'-f    Car 
^rattrn^.      Tbkl'f  Tbji  ttej'  \ij  hi^ 

WrlMi  Jut  out  l«rf»  M-i^m  pre* 
I  Ei^  iiLj^  lad   ^[^t>hl4  1^n,|ii«^  bf  iBftlt 


4ilii«FLti>iiie   .Hrhhul^ 


^C  A  I  TU  ^^^  ^^^^^  breathing:  and  other  sfm- 
HPni  I  HP^e  and  easy  Health  Exercises, 
■■■■^^  ■  ■■you  can  s^reatly  improve  your 
healthandentirelycureyourself  of  most  diseases  by 
self  treatment 

WITHOUT  DRUGS 

if  yoa  know  liow.    Mataral Ht^altlAKxt  rclge 

book  for  both  sexes,  36  sets  of  Health  Exercises  nnd 
24  beautiful,  fuH-pnKe  photosby  Sarony  10c.  Simple 
ruie«foriraii)in>fhealtnby  curntiveexTricrc.  ^d- 
dreBB,  Ntt'l  Corrttpondtnot  Sohool  of  Httlth,  SOS 
Sth  Ave.,  Row  York  City,  Oopt  F. 


"Hadam!   Dinner  Is  Served  !^^ 

That's  whai  the  serrant  mya;  but  tbe  queation  is,  is  it  served  right?  Be  sure  of  it!  Get "  Six  Dinners,"  a  little  book 
just  issued  by  the  Pierce  Publishing  Company.  It  tells  how  to  cook  and  serve  lunches  and  simple  and  elaborate  dinners  in 
such  plain  terms  that  no  one  can  make  mistakes.  Also,  how  to  send  out  your  invitations,  how  to  ^eat  your  guests,  and  how 
to  "  break  the  ice  "  and  avoid  awkward  pauses;  quotations  for  cards,  menus,  etc.,  etc.  Not  a  big  treatise  that  confuses  and 
bewilders,  but  something  that  can  be  read  in  16  minutes  and  will  save  you  days  of  anxiety.  Free  to  any  one  sending  one 
dollar  for  a  year's  subfcrlption  to 


What  to  Eat 


To  others,  25  cents,  postpaid.  What  to  Eat  tells  you  how  to  Entertain,  New  Styles,  New  Dishes,  Novel  Table  Decorations, 
Table  Jokes,  Stories,  Poems,  etc.  Beautifully  illustrated.  Colored  Poster  Cover  with  every  number.  *'  No  lady  can  afford  to 
do  without  It."— iVw  Orleans  Daily  Item,  "Almost  good  enough  to  eAU**—PhiladelpMa  Call,  "  Priuted  exquisitely,  Illustrated 
delightfully."— Xorwf  on  Epicure^    "If  you  would  learn  how  to  live  100  years,  read  it."— CWca^  Times-Herald. 

Pierce  Publishing  Company,  Chicas^. 
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ADVERTISEMENTS 


The  Speed  Escapement 

ENSMORE 
nPEWRITER 


of 
the 


D 


places  it  at  the  head  of  the  type- 
writer world  in  this  important  par- 
ticular. By  its  use  the  action  is 
rendered  so  rapid  that  it  is  impos- 
sible for  even  the  most  expert  op- 
erator to  equal  the  speed  of  the 
maclune.  This  device,  while  of 
great  simplicity,  is  quite  wonder- 
ful in  its  results. 

Jr#  thall  t*  glad  ~ 

U  txfUin  its 

wrhlngM  So  an/ 

vfh*  ma/  call, 

Dtstrlftiv* 

famfhlttt  and 

•thtr  inftrmattm 

/•r  th»$»  living 

at  a  dittanta, 

UNITED 
TYPEWRITER " 
ANDSUPPUES 

CO.  loa  *  104  8.  loth  81.,  PUladttphU,  Pa. 


OBNUINB 

Swiss  Drawing  Instruments, 

T-ifiarta,  Trlaafltt, 

Dravliig  toiirtfB, 
TabiM,     CirvM,    Tliiiib  Taaks, 

Driving  aid  Tritlng  FsMr** 

Biu0  Process  Pipers 

and  Ctiiplftt  Sii  Frlitlng 

OitflU, 
Sinrayliig  iMtrmants,  Eta. 

ALL  0008S  WARIARTID. 

Cirealar  gimtla. 

KOLISOH  A  00..  \%%  Pultoa  StrMt,  Row  V»rk. 


'LITTLE  OIANT"  SCREW  PLATES 

im  gTMk  TMltty.  CiMlac  ftU  tiam, 
from  nuUMi  to  ofto-half  imeh  is 
dlMftotor.  MMhlBiHi'  Hu4  Tap*. 
Boli-CvMlaC  Tool*  u4  IboUaMy. 
Bond  for  oomploto  oatalof . 

WELLS  BROS.  A  CO.. 
t%t't%%  Saiid«rs«n  St.,  •ro«nll«ld,  Hats. 


Please  mention  SCIENCE  AKD  IMXHJSTRY 
when  writing  to  advertisers. 


\  UlLARMSTRONG 


Are  atrictiy  high  prade  and  superior 
to  all  others.  lBipr«v«d  PI^«Yis«s, 
Pips  Wrsasbsst  Pips  Cvtters. 
Clasip-Oscs.  sto. 

ARMSTRONG'S 
ADJUSTABLE 

STOCKS  AND  DIES 


Pipe  Threadiac  and 
Catthic-off  Biachinee.  Sises.H 
to  6  inches.    Hand  or  Power. 

Ths  Bssr  ■•.  O  TbrMding 
■••bins 

Works   wltli  creefeer  mam  sad 

vspidltj  (tasa   say  other  .Pipe 

Thrneillas  If eehltie.  Twoepeade. 

one  for  pipe  u  to  1  Inohi  tlie 

other  forj^pe  I34  to  8  lB<d&ae  la- 

elnalTe.  You  elmply  ehease  onuik         tmrn  I STPST 

from  oae  to  the  other  as  deelzed.  wwatsitsi. 

CATALOGUE? 

THE  ARMSTRONG  MFG.  CO., 


iporr.  coflB. 

las  cnvTBB  smar,  irsw  tobk. 


PITIR  ■■■■,         1%  Ssffest  Strsst,  Oblsss*.  IK. 

¥anqffcetni>r  of  Hlghaat  01— 

limflii,  lifliMrligi  ^  liilig  taitruMiiL 

Sspsin  sszsfmiy  snd  prampUy  sxsoutsd.    OMalogis 
OB  sppUosUoo. 


Be  Tonr 
On  Boss. 


O '-!>/'  METAL  POLISH 


900  psr  osnt.  piofll  msds  by  Uts  sgenti,  toth  s 
U.  aiCetsl  Polli^;  Stsndaid  Goodi;  isnd  lor 
today  snd  go  to  work.   Addren 

G.  W.  HOFFMAN, 

BXPKMT    FOU«N    MAKKM, 


INDIANAPOLIS.  IND. 


?     ? 
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"Pullman" 


Look  for  the  metal  sash  tapei.  You 
see  them  in  all 
new  baildingf. 

<<Fallman''  Bal- 
anoes  are  adapted 
to  old  as  well  as 
new  work  and  save 
the  cost  of  pockets. 
Can  be  nsed 
with  any  sliding 
sash  in  any  style 
of  building,  and 
put  in  by  any  one. 
Send  for  Folder  No.  2,  or  write  your 
wants.  We  will  be  pleased  to  give  yon 
any  information  you  may  wish. 

PQllnan  Sash  Balanee  Company, 

1CAKBB8  OF  THE 

''Pnllman''  Hardware  Specialties, 
Rochester,  N.  T.,  U.  S.  A, 


The  Globe  Ventilator, 


in  Brass,  Copper,  GaWanised  Iron, 
and  with  dome  and  plate-glass  tops. 
For  perfectly  yentilating 

Schools,  Theaters,  Hospitals, 
and  Factories. 
hMtfCMmmjiCirtJ.     Downwirj  DrtniCoimM, 


\  ktt  pamphM  on  TVitllaloa. 

6L0BB  YBNTILATOR  CO^  Troy,  N.  T. 


\  Berger's  Metal  Ceilin 


Are  ■jmmatrloal  and  pleaitiis  to  the  eye  aod  oom- 
maiid  the  admiration  of  All.  They  can  be  need  In  all 
eleiiM  of  bnlldingi,  are  easy  to  apply,  and  highly 
omameotal.  They  don't  shrink,  crack,  get  water- 
■oaked.orfallofl.  They  are  safe  and  lanitur.  Their 
durability  makes  them  the  most  eoonomieal  oeHinge 
In  existence.  Our  "Clasiifled  Designs*'  embrace  a 
Tarlety  of  s^les,  and  there  is  no  boildlng  that  we 
cannot  match  in  its  style  of  architecture.  Bend  for 
our  booklet  *'A  New  Idea  in  Metal  CeilingB/*-'tis  free. 

THE  BBRQBR  MPQ.  CO..  CANTON,  O. 

I  Eastern  Branch— 210  E.  28d  St.,  N.  T. 
Western  Branch— U28  N.  Broadway,  St.  Loois,  Mo. 


Perfection  VentUator. 


Pat.  Feb.  28.  I800. 


New^  Simple^  Omamentalt 
Effectnrct  and  Stormpt oof • 


The  Real  Thing  to  prodtice 
perfect  ventilation.  Write 
for  imformation  and  prices. 


Berger  Bros.  Co., 

t4t  M^  144  Areb  St.,  PNILAOiLfNNL 
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"Science  and  Industry"  Coupon  Canvass. 

We  want  each  sabscrlber  to  ( 1 )  sign  the  Bnbscriber^s  indoraement  on  the  attached  coupons;  (2)  cat 
the  coupons  out;  (3)  hand  or  mail  them  to  friends  who  would  be  likely  to  subecribe  to  such  a  magazine 
as  RasNCB  and  Industry;  (4)  call  their  attention  to  theyalne  of  the  magazine  and  to  our  ex tranr^ nary 
offer  to  send  SCIElfCE  AND  INDUSTRY  to  new  subscribers  for  one  year,  together  with  two  back  num- 
bers, for  only  $1.00,  or  the  same,  with  choice  of  either  "Mechanics'  Pocket  Memoranda"  or 
"  The  Building  Trades  Pocketbook,"  for  only  $1.50;  (5)  show  them  a  copy  of  the  magazine. 

We  will  giye  yon  your  choice  ( 1 )  for  one  coupon  returned  bearing  your  indorsement  and  accom- 
panied by  $1.00,  for  subscription  alone,  or  $1.50  for  subscription  and  either  Pocketbook,  a  three  months' 
extension  on  your  own  subscription;  (2)  for  2  coupons  returned,  with  2  new  subscriptions,  your  choice 
of  either  ''  Mechanics'  Pocket  Memoranda,"  or  *'  The  Building  Trades  Pocketbook,"  bound  in  leather; 
(3)  for  8  coupons  returned  with  3  new  subscriptions,  a  copy  of  both  books. 


B  "SCIENCE  AND  INDUSTRY"  COUPON  CANVASS. 

This  Coupon  ii  ivreiented  to  yon  by  a  friend  of  SavKCS  AKn  InDOhTBT.  If  you  are  not  already  a  rabMrfber, 
yon  may  have  Pcikncb  and  Inddbtbt  for  one  year,  together  with  two  haclL  nnmbe^^  by  sending  this  Ooapon  with 
only  $1  00  to  BciBNoc  amd  iKvusray.  Rcranton,  Pa.,  for  rabucrljition  alone,  or  with  |L  bO  for  sabsedptkm  and  yoor 
_^.<-.    ... . . ^ 'The  Building  Trades  Pocketbook." 


chbioe  of  either  **  Mechanics'  Pocket  Memoranda"  or  * 

Subscriber's  Indorsement 

I  haya  been  a  snbeeilber  to  Sgikngs  ahd  Ikductbt  for 

months  and  heartily  recommend  It  as  the  most  In-  |  Nami 

Btmotiye,  yaluabie.  and  intei  eating  magasine  that  I  see.   I 


Slsrnatnre  of  New  Sabscrlber. 


Name. 
Street  < 


StredandKo. 


onaNo. :    «^^ 


CUyorTnm 


Tourn 


State- 


Date 


,190  , 


State.. 


ParkeffiodkOioten  . 


B  "SCIENCE  AND  INDUSTRY"  COUPON  CANVASS. 

This  Coupon  is  presented  to  you  by  a  fiiend  of  Ocisncb  and  Tkdu^tet.  If  j  on  are  not  already  a  snberrlber.  yon 
may  haye  8a knob  akd  iMDrsray  for  one  year,  together  with  two  back  numbers,  by  seudins  this  Coupon  wtth 
only  $1.00  to  flciSNCB  and  Industry,  Scranton,  Pa.,  for  subeoriptlon  alone,  or  with  $1.60  for  subscription  and  your 
choice  of  either  *•  Mechanics'  Pocket  Memoranda^'  or  **  The  Building  Trades  Pockeibook." 

Slsrnatnrt  of  New  Sabscrlber. 


Subscriber's  Indorsement 

I  haye  been  a  subscriber  to  Scubngs  and  Industbt  for 

months  and  heartily  rerommend  it  as  the  most  in- 

struetiye,  yaluabie,  and  interesting  magasine  that  I  see. 

Name 

Streetas^  No 

City  or  Town  

SUUe  


Nnune 

Street  and  No, 
CUyor  Town  . 


DaU.. 


.ISO. 


Poeke&ook  Choeen  . 


B  -SCIENCE  AND  INDUSTRY;*  COUPON  CANVASS. 

This  Coupon  is  presented  to  you  by  a  friend  of  Rcibncb  and  Industbt.  If  you  are  not  already  a  subaertber,  you 
may  haye  Bcxkncb  and  Inddstrt  for  one  year,  together  with  two  back  numbers,  by  lending  this  Coupon  with 
only  SI. 00  to  Science  and  iNDrsray.  Bcranton.  Pa.,  for  subscription  alone,  or  with  $1.60  for  Buoeerlptlon  and  your 
ehoioe  of  either  *'  Mechanics'  Pocket  Memoranda**  or  *'  The  Building  Trades  Pocketbook." 


'  Mechanics'  Pocket  Memoranda**  or  * 

Subscriber's  Indorsement 

X  haye  been  a  subscriber  to  Sciencb  and  Industbt  for 

months  and  heartily  recommend  it  as  the  most  in- 

structiye,  yaluabie,  and  Interesting  magasine  that  X  see. 


Name 

Street  and  No. . 
City  or  Tbtm 
State  


Slgnatnrt  of  New  Subscriber. 


Name 

StreetandNo 

City  or  Town  ..    . 

State  

Poekea)ook  Choeen.. 


Date.. 


.i». 


Additional  Coupons  furnished  on  request  to  SaaNCB  and  Imdubtry. 
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^RaRm  if^G 


Subscription  Prlos,  $2.00  psr  Ysar. 

Marine  Engineering. 


The  only  periodical  in  America  deroted 
exdtirively  to  marine  en^fineeringf 

On  Ship... 

a"d  Shore. 

S«nd  for  Froo  Sompio  Oopy. 

309  Broadway,  NEW  YORK. 


$4^.20  for  $2.10. 


Ano^Her    Combination    Offer 
TH«t    Moans   SomotHlns. 


BIRDS  AND  NATURE,  one  year. 

Ten  Back  Nnmbers  BIRDS  AND  NATURE, 

60  Colored  Pictures  from  BIRDS  AND  NATURE, 

Total  amount  of  value. 


$1.50 
1.50 


AI.I.  FOR 


.^\  $2.10 


a  one  of  the  moMt  beautifuland  InteroHtlng  publications  yet  attnnpted  In  thli  direction.    It  hM  otlter  attractions  In 
to  its  beauty,  and  must  win  its  way  to  popular  favor.    I  wish  the  nandaome  little  magasine  abundant  prosperity.'* 


BIROS  AND  NATURE— Monthly:  48  pages,  8x  10  inches:  per  year,  $1.50.  A  Qiagazine  devoted  to  nature,  and  illustrated  by 
colored  photoinaphy.  It  is  the  only  periodical  in  the  world  that  publishes  pictures  of  birds,  animals,  insects,  flowers,  plants, 
etc..  in  natural  colors.    Bight  full-page  plates  each  month. 

addition  tn 

—Chan.  R.  Skinner.  State  Supt .  Albany.  N.  Y. 

nPICAl  POREST  IREES  IN  PHOTOGRAVURE,  •  1 12.— Ftbst  SsRin:  1.  Black  Oak;  2.  White  Pine:  8.  American  Elm:  4.  Lorn- 
bardy  P.'plar;  5.  Tamarack;  6.  Soft  Maple:  7.  Wiilow;  8.  White  Birch.  Skcond  Skbies:  1  Red  Oak:  2.  Silver  Leaf  Poplar; 
8.  Hickory;  4.  Hard  Msple;  6.  FirBalmm;  6.  l^hiteAsh;  7.  White  Cedar;  8.  Beech.  Third  Skri is:  1.  White  Oak;  2.  Biack 
Walnut:  8.  Horse  Chestnut;  4.  Bssswood  or  Linden;  6.  Black  Ash;  6.  Butternut;  7.  Locust;  8.  Bittemut  Hickory. 

AGO.  m  S*rl*s;  th*  Thr**  Series,  $I.OO,  postpaid. 
A.  W.  MUMFORD,  Publisher,  203  Michigan  Ave.,  Chicago. 


Every  Issue  of 

The  Office  Magazine 

A.  0.  KIHREDQE,  F.  1.  A,  0.  P.  A..  Editor 
contains  information  on  office  topics 

Wortb  Many  Times  Its 
Price  Per  Year. 

It  publishes  onlv  practical  arUclea  on  practical  sub- 
jects by  practical  business  men.    Sample  copy  free. 
Issued  monthly.    Subscription,  fl  a  year.    Adver- 
tising rates  on  application. 

ACCCUNTICS  ASSOCIATION,  Publishers. 

Lancashire  Building,  Pine  St.,  New  York. 

Ask  your  dealer  for  the 

Eagle  Fountain  Pen 

Money  refunded  if  unsatisfactory 

Tf  Tint  nn  mln  a^nA  t1  OA  *-^ 

TECHNICAL   SUPPLY   CO.,   SCRANTON,    PA. 

J||£  which  gives  speoial  prominenoe  to  Ajkxkitktural,  Build- 

ing, Indubteial,  and  MuinciPAL  EM«iinnftni«,  will  mail  a 
FNGINFFRING  RFCORD  liet  of  its  publications  and  a  sample  copy,  on  reqnest, 
l.nuini.l.l\inu      l\I.UUI\U,      u  thlg  offer  is  mentioned.    Addiees, 

THE  ENOINEERINO  RECORD,  lOO  William  Straat.  Naw  York. 
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Machinery 


is  the  best  paper  published  for  prac- 
tical machinists  who  want  to  keep 
posted  on  the  latest  and  best  methods 
of  machine-shop  practice  and  econ- 
omy. 

Steam  Engineering 

is  a  pract'cal  paper  for  steam  en- 
gineers and  power  users,  containing 
the  best  value  for  the  money  of  any 
paper  in  the  field. 

Each  volume  of  these  publications 
contains  nearly  400  large  pages  of 
original  matter,  fully  illustrated,  which 
could  not  be  bought  in  book  form  for 
less  than  $5.00.  The  price  of  each  is 
$1.00  a  yesLi—boih  to  one  address 
$1.50. 

Sample  copies  (back  ntsmhers)  mailed  £ree« 
The  current  ItBUCy  )0  cents* 

THE  INDUSTRIAL  PRESS, 

1 7- J  9  MURRAY  ST.,  NEW  YORK. 


ffyottarcintcrertedin 

Practical  Electricity 

AMERICAN 

ELEaraOAN 

AB  niiistrated  Mimtlily  JovniAl  of  Fractlcalt  Bkc- 
trtcal,  and  Nechaiiical  Englneerliig. 


8DB8CUPTI0R,  11.00  PER  TUR. 

8  Months'  Trial  Subtorlptlon,  2So. 


It  is  A  practical  paper  for  practical  men,  and  hu  the  laiveit 
paid  dicBlation  of  any  Electrical  Joomal  in  the  world. 

The  AMBRICAV  ILBCTRICIAI  containt  regular  depart- 
mentB  on  Steam  Bngineering,  Interior  Wiring,  the  Location 
and  Remedy  of  Faults  in  Electrical  Apparatus,  a  Gatechiim 
of  Electridtj,  Lenons  in  Practical  Eleotrlcitj,  Qneriet  and 
Answers,  Telephony,  Electric  Railway  Apparatus,  Letters  on 
Practical  Subjects,  and  the  Construction  of  Small  Moton,  etc. 

Sample  Copy  and  Catalogue  of  Electrical  Books  sent  on 
application, 

AMERICAN  ELECTRICIAN  COHPANT, 
Beard  Bulldlngf^  New  Tork. 


The  Study  of 
Science... 


Is  fascinating  to  all  those  who  engago 
in  it  All  students  are  naturally 
enthusiastic  on  the  subject,  and 
eagerly  read  whatever  literature  con- 
cerning it  that  they  can  secure.  In 
the 

Scientific  American 


they  have  an  up-to-date  Library  and 
Book  of  Reference  on  all  scientific 
subjects.  It  is  a  weekly  publication 
devoted  to  the  interests  of  scientists, 
engineers,  mechanics,  electricianfl, 
manufacturers,  inventors,  chemists, 
students,  etc.,  and  contains  educa- 
tional information  even  for  those 
who  are  far  advanced  in  the  yarious 
sciences.  No  other  publication  in 
the  world  gives  so  much  authentic 
information  for  all  classes.  It  is 
the  world's  standard  authority  on 
all  matters  pertaining  to  science. 
$3.00  yearly,  $1.50  half  yearly, 
$1.00  for  four  months.  Send  Check, 
Draft,  Postal  Order,  or  Express 
Money  Order  to 

lUMN  &  CO.,  Publishers, 

Stl  Broidiiy,  lei  Tork  Cltj. 
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POVTEHI 


A  Monthly  Journal 


and 


devoted  to 

STEAM 
ENGINEERING 

jpractloal  work  lelatlye  to 
Boonomlo  Generation  and 
Tiansmlflsion  of  Power. 

Elf  hty-«lf  ht  Paf«s.  Profusely  IllustraUd. 

Price  $1.00  per  Year  in  Advance.  Send  for  Sample  Ocpy. 

iii::^  THE  POWER  PUBLISHING  COMPANY, 

Eighth  Fleer.  Werld  Building,  Hew  Verk. 


Dl>L^f*S!S:r^M-JBt 


As  Like 
as  Peas 


aro  Dlion'fl  Ampiican  Graph- 
1  Le  P«iici  iJi  t  II  q  uii4  k  Ly ,  1  in'  li  rl- 
iibly  Hnlooth  iLud  Hiuph— nfvi  r 
qnny  nor  brltUt— ihr^y  wear 
mopeuiUfdriuly  jmrl  lu^t]ollgl^r 
thJiLii  ev'.'n  th«  liiiLjlijjricpci  jrr- 
elg^n  Ttiuik-  pencltft.  To  iinnvldo 
A  pL*rfe(.'t  pencil  ti\r  each  pur- 
liculMf  iJ3«.  thd  mnlcifrfi  4)1 


Dixon's^. 

American  Graphite  {■Kl 

Pencils 


netHis  of  every  cIum  of  pc-rn^ii 
Qs«!ra, 
It  your  dpnier  dnpsn'l  fcop^i 

jil*>g  worth  ilcjuhle  iti*' mtpn^  y 

JOSEPH  OIXON  CRUCIBLE  CO. 
Jersey  Crty.  N.  I 


*.^,i!',j",  J'  * 


Heating  and  Ventilation* 

A  llonthly  Journal  for 

▲RCHITBCT8, 

HBATINQ  BNQINBBR8, 

8TBA1I  PITTBR8. 

PtAeTieHL.  TieHHieAL.  kiliabli. 

$1  e  fear.  Saaiale  eeples,  I0o. 

%%1  Park  Bew  Building.       •       •       •       lew  ferk. 


THE 

ELECTRICAL  REVIEW 

!s  the  oldeit  electrical  weekly  in  the  United  Btatee,  and  we 
believe  we  have  succeeded  in  making  it  one  of  the  beet. 
Erery  inue  teems  with  live  matter  on  electrical  subjects  in 
a  popular  and  technical  way.  It  is  interesting  and  instmot- 
ire.  It  is  handsomely  illustrated.  It  is  published  weekly. 
IS.00  per  year  in  the  United  States,  Canada,  and  Mexico. 
Other  countries,  In.oo  per  year.  Sample  copy,  10  cents. 
Special  Discount  to  Students.    Addrees: 

ELECTRICAL  REVIEW, 
Ai  Paric  Row.  Now  Yoric. 

The  ELECTRICAL  REVIEW  is  the  beel  adTertislnc  medium  la  ' 
the  electrical  Held.   All  Itoctrioal  Books  snppUed. 

The  China  Decorator, 

an  illustrated  monthly  journal,  the  only  publication  in  the 
world  devoted  exclusively  to  information  and  instruction 
on  all  matters  connected  with 

China,  Glass,  and  Water  Color  Painting  and 

Decorating. 

Acknowledged  by  Amateurs,  Professionals,  and  Teachers 
as  Indispensable,  and  the  recognized  authority  on  all  sub- 
jects (>onn«ctfd  with  these  Arts.  Each  numbsb  contains  a 
BKAUTirvL  STUDY,  six  or  moTC  pages  of  designs,  with  full 
directions  for  reproduction,  and  query  column,  open  to  sub- 
scribers only. 

Every  Lady  Should  See  It. 

Send  5c.  stamiw  for  sample  copy.    Mention  this  paper. 

Price  yearly,  $'2.50,  mailed;  per  copy,  25c. 

Orders  and  subscriptions  received  at  this  office,  or 

THE  CHINA  DECORATOR, 

3  East  14th  Street,         -  New  York  City,  N.  Y. 


TO  MAKE  MONEY. 


EXCEPTIONAL  OPPORTUNITY  jJSSdn^'-fhuh. 

class  monthly  Maga- 
sine,  devoted  to  South- 
em  tgriculture— is  desirous  of  increasing  its  subscription 
list  and  will  offer  very  liberal  terms  to  agents. 

Bubflcriptions  can  be  secured  in  every  part  of  the  country, 
as  the  Magasine  is  of  IntereRt  to  farmers  wherever  located. 
Address,  for  sample  copies  and  particulars,  "Agent's  Depart- 
ment," "Southern  Farm  Magazine,"  Baltimore.  Md. 


HELP 

Along  the  '*  Coupon  Canvass/' 
Page  14. 
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If  yon  are  looking  for  a  better  position,  \ 
we  suggest  that  yon  read  each  week  the  | 
"Want"  page  in'^EnglfiMrlfig  N«ws."  < 
Under  the  heading  j  J 

"Situations  Open" 


there  may  be  just  such  a  chance  as  you 
desire.  Well  known  firms  in  different 
branches  of  engineering  and  manufacturing 
are  constantly  advertising  in  this  paper  for 
additional  help. 

If  you  will  mention  this  advertisement, 
we  will  give  you  a  trial  subscription  of  10 
weeks  for  |1.    Single  copy,  15  cents. 


;  Tbe  Ei^lneerlit  lews  Pobllsli}]!^  Co., 

I  220  Broadway,  Naw  York. 

I  BRAifOH  oFncn: 

I  CfclMgt,  Btttoi,  Cltvaitid, 


THE 

ENGINEERING 
MAGAZINE 

for  I0OO 

will  present  a  galaxy  of  notable  papers, 
full  of  suggestions  alike  to  student  and 
practical  man. 

A  handsomely  illustrated  prospectus,  with 
sample  copy,  free  on  request. 

TNB  BN8l«BtBIN8  ■MAZIBt, 

120-ltt  Llb«rtf  St..    .     -     «•«  V«rk. 

223-225  Bfemiid,  W.  C.  London. 


COMPRESSED  AIR 

A  Coapoidlia  of  CoaprttMd 
Air  lifbrmatioi. 

Published  monthly.  Now  in  its  fifth 
year.  The  only  periodical  devoted 
•xoluaively  to  this  subject.  It  Is  both 
theoretical  and  practical,  progrsativ 
and  up-to^te.  Subscription,  |L00  a 
year.  Foreign,  $1.60.  Send  for  sampW 
copy. 

COMPRESSED  AIR,  28  Certlaiidt  SL,  R.  Y. 


e- 


EB- 


Electrical  Books  for  Students  and  Practical  Men. 

ELEMENTARY  ELECTRO-TECHNICAL  SERIES* 

B7  BDwnr  J.  Houston  and  A.  B.  Ksvnxllt. 

Attemattag  Electric  Currents.  Electric  Heating. 

Electricity  In  Electrothenipeatlce.  Electroniagnetisni.  Electric  Arc  Uglitiag. 

Electric  ilotor.  Electric  Incandescent  Uglitlng. 

Electric  Street  Railways.  Electric  Telephony.  Electric  Telegraphy. 

Cloth.         $1.00  per  Tolume. 

^!»-  DYNAnO  AND  MOTOR  BUILDING.    (For  Amatears.)    With  Working  Drawings.  1K^ 

BT  LiKUT.  C.  D.  PAIUCHT7B8T,  U.  8.  A.  Cloth.  168  pages.  78  illustrmtlont.  Price,  ILOO. 

American  Telephone  Practice.     By  Kempster  B.  Miller.   510  large  ootovo  pages.  880  Ulnsferadona,     -      -  88.00 
Practical  Peatares  of  Telephone  Work.   By  A.  S.  Dobbs.   184  pages,  61  Ulustratioiis,     ....         .n 

Diagrams  of  Electrical  Connecttons  with  Explanatory  Text.    83  pages, .60 

Alteraatlng-Cnrrent  Wiring  and  Distribution.   By  William  Leroy  BmmeM.    96  pages,  88  iUnstrations,      OLOO 

Electricity  and  Magnetism.    By  Prof .  Erie  Gerard.   802  pages,  112  illustrations, OUO 

Copies  of  tbese  or  any  other  electrical  books  pablisbed  will  be  sent  by  mail,  postage  prepaid,  to  any  addieas  tai 
tbeworld,  on  receipt  of  price.    Catalogue  sent  free.    Write  lor  it. 

ELECTRICAL  WORLD  AND  ENGINEER,  Publishers, 

120  Liberty  Street,  New  York* 
«•  Electrical  World  and  Engineer  is  regarded  all  over  the  world  as  the  leading 
electro-technical  journal." %1!X!^,^s^^;!!J:Si 
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INVAI.UABLE  TO  EVERY  STUDENT. 

ASTERY 

^Memory  Libri^ryBox  IZOZ  New  York. 


The  Cas-Ensina  Handbook. 

Beoond  Bditlon.  BevlMed  and  Enlarged. 

The  most  practical  book  on  the  subject. 

Handsomoly  Bound  In   L«ath«r»  $I.8B. 

THE  OAS  tNOINE  PUILISHINO  CO., 
Room  4S.  Ooodall  Boildliic,       C  iHoiHHatl.  O. 


For  tho  Yoar  1900 

The  Telephone  Magazine 

will  oontbrae  to  giTe  a  oomiilele  aerlea  of 
IntareBttng  and  uutmettTe,  flnely  illna- 
tialed  arnolea  on 

EMHAHOES  AND  APPAKATaS. 


Lll 


SWI1 


All 


and  many  other  Talnable  oontrlbatloni. 
■Iglit  OeaU  a  Reath 

Pays  for  the  beel  Telephone  poper,  and 
A  Dollar  Bill 

will  bring  the  poper  to  7011  legnlarly  for 

a  year, 
■ample  Copy  Free.  Newidealen  lell  it. 

1%%  Rerfieette  Buildiag.  Ohleage.  Q.  A.  A. 


GIVEN 
AWAY 


wont  (La. 


This  cut  is  one-half  Its  size.    Write  at  once  and  we  will 
tell  you  how  we  do  it.    Address 

The  Amateur  Sportsman. 

28  PARK  PLACK.  NEW  YORK. 


J^I^ '  practical 

^^^^^  ^^^^^  steam  and 

eleetrlcal  engineering— a  Taluable  set  of  books  for  steam 
neen.  Will  be  sappfled  to  tbe  patrons  of  this  magasine 
on  easy  monthly  payments;  deeoriptlon  of  books  and 
torms  sent  apon  application. 

Tbeo.  ADdel  ft  Co.,  Publishers,  68  Fifth  i?.,  New  York 


FAME- 
WEALTH- 


The  ambition  of  eveiy  young 
man — are  more  easily  obtained 
by  thoee  who  thoroughly  fit 
themselyeB  for  their  choeen  pro- 
tendon. 

TO  THOROUGHLY  MASTER 

THE  ART  OF  ELECTRICITY 

yoQ  flhonld  be  a  constant  reader 
of  the  WESTERR  ELECTRICIAR. 
Full  of  instniotiye  articles  for 
both  the  student  and  practical 
worker.  Keeps  you  posted  on 
everything  NEW  in  the  ark 
Send  for  free  sample  copy  and 
particulars  of  our  special  offer 
to  readers  of  this  magasine. 


WESTERN  ELECTRICIAN, 

sot  Rarfiaotte  Beiiding.  ONIOABO. 

Dealere  in  electrical  books. 

IF  YOU    kne:w 

how  good  the 

Tyden  Filter 

is  in  connection  with  hydrant-sup- 
ply, you  would  be  u»>ing  one  now 
and  no  sooner  part  with  U  than  your 
bathtub.  It  promptly  yields  deli- 
cious drinking  water,  and  is  very 
practical.  Illustrated  booklet  free 
for  the  asking. 

METROPOLITAN  FILTER  CO.  97  Wsthlngton  St.,  CHICAOO,  ILL. 
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GUARANTEED 


Fountain 
PEN 


$1.00 


1 


i 


\ 


Fitted  whh  U  Karat  Gold  Pen. 
Money  Retttrned  if  Unsatlilactory. 

T.  8.  Co.  C«U  PretMd  Drawlnr  Paper,  15''  x  20". 
per  quire,  by  mail,  poetpald,  $1.14 

"     byexpreee^iiolpald,  .90 

T.  S.  Co.  UghX  Welf Ht  Aaewer  Paper. 

per  100  Bheeti,  tj  mall,  poftpaid,  M 

"    "       "      by  ezpiew,  not  paid,      .SO 

T.  8.  Co.  Waterproof  Ihrawlnr  Ink. 

per  bottle,  postpaid,  .35 

THE  TECHNICAL  SUPPLY  CO., 

SCRANTON.  PA. 


KNICKERBOCKER  SPECIAL 

■Hd 

South- Western  Limited, 

PuBoaa  Trains  between 


BOSTON, 

NEVYORK, 

WASHINGTON, 


CINCINNATI, 
CHICAGa 
ST.  LOUIS, 


Tia 


Big  Four  Route 


NEir  YORK  CENTRAL, 

BOSTON  AND  ALBANY, 

CHESAPEAKE  &  OHKX 

Cafe,  Lttftry,  Dinliig,  and  Skepins  Can. 

W.  J.  LYNCH.  W.  P.  DKPP]^ 

Oe^lPaM.eiidTkt.A«t.  AmL  Q.  P.  end  T.  ▲. 

ClMOIXirATI,  O. 


n; 


VASTLYmREATER 


than  that  of  any  other 
maker  of  writmg-machmes, 
and  bereaves  steadily  from 
year  to  year. 


^uprSe£"f  Remington 

sells  W^  J.  %  Typewriter^ 

wVcKOrr,   SEA  WANS  a   BENEDicTT   327  BROADWAY  ^  NEW  YORK,  ^j 
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gbc  Stenograpber  ^^i:;^ 

•f  the  writers  of  aU  tiM  iMdtoff  systeau  of 
ShortlMuul  and  ajor«  of  tho  Typowrtter. 


««yS: 

P-y^ 

PiM    V 

P-y  ^^ 

P.y   V 

PlTOW    \j^ 

Ptow  ^* 

^  V 

Btow  V 

»Ptey^- 

Sptmy\ 


Pmy\ 

P^    V     Plow  \k   Spy     V    P»^    N> 
\«   Blew  ^J  Splay  ^-     Paster   \S 

To  toarn  5liort- 
huid    at    HoBM, 

or  to  becoBM  pro- 
ficient, yoo  should 
subscribe  for 

Si0mograph0r, 
tho  losdinr   ahort- 
^nand    oMgaslno  of 
lbs  world. 

$1  a  year. 
Send  ten  ceote 
fbrsjunplocopy. 
FRANCIS  H.  HBMPERLEY.  Editor, 
603  ChostBMt  Stroot.  Phlladolphla.  Pa. 


Who  said  they  didn't  want  to 
sec  the  U.  S.  Navy? 

^     Did  th)  Spanish  Rav; 
^  In  1898? 

But 

Ali 

Americans 
Do! 

Send  10  cents  for  a 
Sample    0>py  of    the 
only  i  I  luRtrated  nwnth- 
Rotd  in  tnd  oat  of  tho  U.  S.  Novy      ly  magazine. 

$1.00  per  year;  6  mo  ,  50c.;  3  mo.,  25c. 

Contains  Naval   Storie.M,   Sea  Yams,   Movements  of 
U.  8.  Ships. 

N*VAL  PHOTOGRAPHY  OUR  SPECIALTY. 

By  OUT  Sftecial  Correspondents  and  Photographers. 
Photoftof  Naval  Life  on  Board  C.  S.  bhips  lu  ali  parts 
of  the  World. 

THE  RAVY  CHROIIICLE,  lllottritod.  30  Cortltndt  St..  Row  York. 


.Mention 

SCIENCE  AND  INDUSTRY 

when  answering  advertiBements. 


The 

Remington 

Billm^  and  TabtiUtm^  Attachrmnt 

accomphshcA  alf  kiiwts  of  Billlnt^  StatJ»ticaL 

and  Accounting  Work  on  the  New 

Modds  of  ^t 

Remington 

Standard  Typewriter 

u  quickly  arvd  u  accurately  m  ordinary 
typewriting  b  done.  It  automatically 
secures  perfect  perpendicular  as  well  $m 
horizont^  Aii|[nment 


*?  ? 


iji!iiin;,i.iiniiiHMj.Miu.ini].mni 


wwmwwwm^^^^a^w^F^^im^^m^^g^w^^^, 


Surveying 
Compass, 


Complete  With  Box  and  Tripod. 


fold  down  to  the  Compaas.    Compass  Circl 
to  H  defove  on  apper  surface,  and  flcured 
90  on  each  side  of  the  center  or '" ' 


Has  a  AW'  needle,  mounted  on  agate  center. 
Sights  have  a  slot  In  the  South  vane  and  a  hair  in 
the  North  one,  for  readily  finding  the  ohlect;  thev 

. ^ -  ,  cjrel,  divided 

from  0  to 
'  line  of  seroa."  Sil- 
vered compaas  circle  and  face.  Two  spirit  levels,  al 
right  angles,  to  level  the  plate.  Tripod  well  made 
and  durable.  BraM  head.  8''  dlameton  cherry  legs, 
if  W  16ng  from  head  to  point,  with  brass  ferrule  and 
steel  point.  Eight-ounce  brass  plumb-bob  with 
screw  head  and  ateel  point. 

Spc^-lal  Sale  at  Coat. 

Regular  price,  t22.60, 

$17.50  Each. 

Ptf>nt  by  ezproM,  charges  collect. 
We  have  only  6  of  these  compasses  on  hand  and  no 
more  will  be  ordered. 


THE  TECHNICAL  SUPPLY  CO., 
8CRANTON,  PA. 
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Our  students  Succeed 


In  nearly  every  machine  shop»  draftxngf  rooni^  indtsstrial  plants  etc«t  there 
are  men  who  have  secured  promotion  and  advanced  salary  througfh  sttsdy  In 
The  International  G>rrespondence  Schools*  The  increased  value  of  an  employe 
who  masters  the  theory  of  his  trade  brins:s  prompt  and  substantial  reco^^nitioa. 


Student  Becomes^Draftsman 

When  I  began  the  Mechanical  DnwInR  Dfviidon  of 
my  Course.  I  knew  nothing  of 
Drawing,  but  in  six  months 
had  advanced  no  far  that, 
through  the  Students'  Aid 
Department,  I  obtained  a  posi- 
tion an  draftsman  with  the 
Schenectady  Locomotive 
WorlLs.  Since  then  my  wages 
have  been  increased  over  luO 
per  cent.,  and  mv  wQfk  is  giv- 
ing satisfaction  in  every  way. 
I  will  recommend  the  Schools 
to  any  one  seek!  g  an  educa- 
tion. John  J.  Wino. 
Box  196,  Schenectady,  N.  Y. 


To  Farn  More:  Learn  More 

To  the  man  that  works  from  10  to  14  hours  a  day,  I 
would  say  that  the  Course  is 

iust  the  thing  to  decrease  his 
lOurs  of  labor  and  increase 
his  salary-  I  found  the  knowl- 
edge gained  in  the  Si-hools  of 
great  service  to  me  in  obtain- 
ing and  filling  the  responsible 
position  of  Chief  Machinist  on 
one  of  Uncle  Sam's  ships  dur- 
ing our  war  with  Spain.  Some 
one  bit  the  spike  in  the  right 
place  when  he  said,  "  To  earn 
more:  learn  more." 

H.  D.  Hill, 
Telephone  BIdg,  Cleveland,  O. 


Miner  Becomes  Manager 

My  experience  with  the  Schools  has  convinced  me 
that  their  system  of  instruc- 
tion is  the  bcMt  for  the  purpose 
that  can  be  devised.  When  I 
began  studying  In  the  Com- 
plete Coal  Mining  Course,  I 
was  working  as  a  miner.  Since 
then  1 1  ave  bt  en  successful  In 
obtaining  a  mine  manager's 
certificate  for  this  province. 
I  am  now  employed  as  mana- 
ger of  the  International  Cul 


ger  _ 

liery,  owned  by  the  Dominion 
npany. 
P.  Chbistianson, 


llery, 
Cual 


Brldgepoit,  N.  8. 


Apprentice  Becomes  Designer 

Whed  I  enrolled  in  the  Cdmplete  Mechanical 
Course.  1  was  iKorklng  as  ap- 
prentice machinist.  Through  ^^^^^^^^^^| 
your  instruction  and  ssist-  ^^^H^^^^^VI 
aiice,  I  advanced  from  mv  V^^^^^^^^^^n 
work  in  the  shop  to  detail  ^^^  -*  ^^^^^^ 
drafting,  and  am  now  engaged 
in  the  regular  designing  of 
machinery.  1  have  received  a 
good  infr«*ase  in  my  ralary,  nly 
hours  of  labor  have  been  short- 
ened, and  my  ro<<pict8  for  fur- 
ther advancement  are  good. 
Abthur  W.  Graham. 
lOUSt.  CathetinePt. 
Montreal,  Can. 


Our  Courses  Enable  Students  to  Gain  a 

Salary  Raising  Education 

in  Mechanical,  Electrical,  Steam,  Civil,  and3Iinin^  Engineering:;  Areli- 
itecture;  Plumbing;  Heating:;  Refrigeration;  Pattern  Drafting ;  Draw- 
ing and  Designing;  Chemistry;  Telegraphy;  Telephony;  Stenography; 
English  Branches;  Methods  of  Teaching. 

I 

3  "Wheu  writing  state  subject  In  which  Interested 

I  The  International  Correspondence  Schools, 


Established  1891  Capital,  $1,500,000 

Box   I036,  SCRANTON.    PA. 
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A  Nibble  at  Night 

Gbfng:  to  bed  hungry  is  just  as  foolish  as  overeating^ — 

take  the  middle  course — get  a  box  of  Bremner's 

Butter  Wafers  for  the  bite  before  bedtime — |ust 

enough  to  appease  the  hunger — too  light 

and  crisp  and  flaky  to  make  you  sorry 

you  ate  them* 

BRENNER'S 

Butter  Wafers 

are  baked  by  the  bakers  that  make  the  fa- 
mous Uneeda  products*     Seasoned  with  a 
slight  sprinkling:  of  salt^  which  gives  a  piquant  fla- 
vor*   Packed  in  the  famous  ^^-er-seal  Patent  Pack- 
age^"  which  always  insures  freshness* 

Sold  at  all  grocers. 

NATIONAL  BISCUIT  COMPANY. 


>%^^»%%<»%»^t<%%>%^%%%l%»%»%%%%%%%%^i%%%%%%t^# 


Captains  of  Industry 


believe  In  the 


a 


}} 


Conservation  of  Mnergy. 

Health, 


HRNOE  IT  SAVES 


Time, 


The 

Ball-Bearing 
Densmore 
Saves  Energy 

that  can  be  devoted 
to  other  work; 

On  memorized  matter,  189  words  a  minute  were  written  on  a  DENSMORE  by  Mr.  J.  A.  Web^r, 
at  Grand  Rapids,  Mich.,  Nov.  28,  1896. 


and 


Money* 


Send  for  Descriptive  Circular, 


United  Typewriter  and  Supplies  Co., 


102  &  104  South  lOth  St«, 

PHILADELPHIA,  PA* 
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A  good  workman  docs  not 
complain  of  bis  tools. 


One  reason  for  this  is  because  he  is  careful  to  select  tools  that  will 
do  good  service.  Good  tools  do  not  make  good  workmen  but  they 
help  good  workmen  to  do  good  work. 


Q^ ARGENT'S  PLANES  are  good  tools,  carefully  made  from  the 
best  materials  and  nicely  finished.  They  contain  improved 
adjustments  and  other  up-to-date  devices  that  add  to  their  useful- 
ness. The  cutters,  so  important  in  a  plane,  are  made  of  selected 
steel,  tempered  just  right  and  sharpened  ready  for  use.  Every 
plane  is  fully  warranted  if  the  cutter  bears  this  stamp 


SARGENT  AND  COMPANY, 

149-151-153  Leonard  Street,  .  New  York. 

Digitized  by  V^OOQ IC 


ADVERTISEMENTS 


es 


HOT  WATER 

Fed  to  your  boiler  is  more  eoonomioAl  than 
oold,  and  the  hotter  the  feed  water  the 
greater  the  economy. 
How  hot  will  your  Injector  handle  it? 

The  U.  S.  Injector 

Makes  a  point  right  here.    It  handles  hotter 
water  than  any  other  Injector  made. 

It  also  has  a  wider  range,  a  very  impor- 
tant feature  sometimes. 

In  fact,  there* 8  a  namber  of  good  strong 
points  about  the  U.  S.  that  are  only  known 
to  those  who  use  them. 

Our  httle  '*Enginoor't 
Rod  Beok"  tells  about 
them  and  also  about  500 
other  things  an  engineer 
ought  to  know.  It's  a 
vest  pocket  reference 
book.    Write  for  one. 


AMERICAN  INJECTOR  CO., 


DETROIT,  MICH. 


Vises 


For- 


MACHINISTS, 
VOODVORKERS, 
SAWYERS, 
JEWELERS,  Etc 


Our  catalogue  Xo.  96 — ]nBt  issued — is  devoted  exclusively  to  these 
goodp.    Send  for  copy.     Mention  this  magazine. 

HAMMACHER,  SCHLEMMER  &  CO., 

209  BOWERY,  NEV  YORK.  SINCE  J848. 


ff^fni,  LATHES 


m. 


For  •■ntaltht,  Tool  Molora, 

EiporlaoittI  iid  Rtpolr 

Work.  EU. 

Swid  tn  niMlnUt*  eilalH' 

W.F.  UNO.  BARNES  CO., 
•••  Riky  ft.  Rookford.  ril. 


Star 


Foot  and  P«w« 
BerawCvttiBff 

^'-  Lathes 

For  Fine,  Accurate  Work. 

Send  for  CaUlogtie  B. 

SBNRCA  PALLS  MPQ,  CO. 

tl  I   IVnter  8tr««t> 
Miaeou  Fulls.  M.Y.,  U.S. A. 


Mention  ''  Science  and  Industry  **  when  writing  to  Advertisers. 
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Engineers 


jogt  whmt  yon  want.    No  engine  room  complete  wiih- 
oat  tbeee  tools. 

Set  Of  6  Scraping  Tools,  Otk  Cue,  IS.SO 
Set  of  6  PacUng  Tools,  Nickel  Plated,  S.SS 
Set  of  9  Cold  Chisels,  High  Grade  Steel,  S.OO 


Used  by  leading  Engineers  and  by  tbe  U.  S. 
Send  for  circular.    Mail  orders  carefully  filled, 
grooving  chisel,  for  catting  oil  ways  in  engine 
and  bearings,  free  with  all  orders  this  month. 


NaTy. 
Bent 


j 

^^H 

Are  Vou  a 
Union  Man? 

^^^                     Then  stand  up  for  the 
r^^^                   principles  of  organized 
J^W                     labor  and  J^  J^  J^  J^ 

r^            Wear  the  Union  Made  Clothing. 

1 

..T^S 

r 

\                   Get  your  dealer  to  buy  these  goods— he'll  do  it  for 
the  asking  and  you'll  help  the  Union  cause— or  we'll 
send  you  tape  measure,  samples  and  self-measurement 
blank,  and  sell  you  direct,  prepaying  all  charges. 

HANUFACTURXD  BT 

HAMILTON  CARHARTT,  Manufacturer, 
DETRorr,  mcH. 

THe  flrm  tluit  U  makliir  nnloa  Made  ClotUar  Kfmlar. 

Free  for  the  Asklng.-Oar  lUiutntted  Weekly  Time  Book  if  yoa 
mention  Sciinck  and  Industry. 

C5» 

B»-^ 

"OLIN" 

Gas  and  Gasoline 

ENGINES. 

from  2  to  60  H.  P.,  over 
20,000  H.  P  in  use.    Finest 
made.   Send  for  catalo^e. 

OlilN   OA8    XNOINX   CO.. 
BUFFALO.  N.  T. 


A  Broad  and  Liberal  Guarantee 


goes  with  ererj  Weber  Eastee 
thet  leaves  our  shops— e  goaimaeee 
that  corers  ererj  feature  of  oqb- 
Btruction  and  optratlon.  That 
guarantee  is  given  in  full  In  oar 
illnstrated  Catalog  of  Gasoline 
and  Oil  Engines,  whleh  la  free 
upon  request. 


P.  O.  Box  llli-L. 


Digitized  by 
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minutes,    please 

An  INDICATOR  will  p«       ^ 

bed  and  cheapen  is  the  IMPR6vED  ROBERTSON-THOMPSON^ 


JAS.  L   ROBERTSON 

ft  SONS. 

l07FiitonSt.,  NewYork. 


An  INDICATOR  will  PU«h  you  farther  forward  than  any  other  Infftrament,  and  the 

,6^ 


The  WILLIS  PLANIMBTER  and  VICTOR  REDUCING  WHEEL,  are  very 
desirable  adjuncts,  and  the  price  is  within  reach  of  every  one. 


EUREKA  PACKING.  NINE  ELIMINATORS. 

Don't  you  need  them ?   Let  us  send  you  circulars. 


TIC-A-TOC  CREASE  CUP. 


__Wo  carry  a  cnmpletf*  -^u^:k  t>i  all  itinds  oi 
RUBBeRaadLBATHeRBeLTINa  We  bay  oar 
goods  at  Slicriffa*  and  ReoelverB*  Salea.  Wr<*^'>for 
FRB8  IIXUSTRATBD  CATALOQUB  No.  16ft  on 
Hard^an^  Plpe^  RoofinflTf  Plambinfir  Ma^Atal, 
Wire,  Ropa  thy  Goods,  dothinff,  etc^  etc. 
miW  filiOCT  mp%  OME^HMir^fOTNEBB 

ChkagoHouseWrccklniCa^HS^JiSR** 


OtwStMidBnisi^Maklnff  Moneyi 
GarrBs/Bondenae 

H^rhiflTs,     Dun'^  d^^lftjr  *t1  M u^  f n^r  f u 1 1  p&rLkn L'H  :«   Ef 
vnii  Want  to  make  (hp  Htoit  f^T  pr«'K?'■ltappnrtv<tl' 
ll1^kt     HuHH^eSHrul  E^mrhiati'-i  In  oil  [parLfCif    iTK.     Wv  I 
fnarsHl^r  tn  nrftpiirf- far  ftU  hitr  f-^T»tta(natlaiiA>  ' 
E'cmniii  Ifi'iLr]'!  t^  ftr^t^iieA  !.>..  11.  hthI  1.1..  >J.  fruin  tJi]r 
Ffwldtint  Ini^EilLit^jri      likJtnniittDlur^kllrii^ti  iiTLrkw. 
3l[(Kl«rat&  rjii  ■ 'J       llu-j  t-^itu*.      ''<■■    ■  _i_   i    ■-:.;   '  t  full  » 
NATIONAL  rORRESPONDRNCE  SCHOOL  OF  LAW, 
47  l*«iiu.  81m  liiUlaimpolU.  I    li. 

iLLUSTRAT/NG 

Taught  by  Mall,  l^^iV:^::* 

Sketohlr\#.       Brst  methods.      PrepurcH 
quickly  for  profitable  work.    Largest  and 
most  practical  school.    lucorporated.    Indi- 
vidual instruction  adapted  to  all.     Students 
enthusiastic   Basy  terms.    Write  to-day  for  fiiU 
imrticulars.      NATIONAL  SCHOOL  OP  ILLUSTRATING. 

47  NT    P<»n»    «fr*H»t    TvnTANAPOMH    IKD 


Craft's  Tabin  of  Plata  and  RIvat  Valuas 


For  the  qm  of 
Daslgaers,  Bellarmakera, 

Inspaeters,  and  Inglnaara. 


Pries, 
SI.OO. 


in  dMigning  and  ealonlatins  the  efloiendes  of  all  riTeted  seams, 
together  with  complete  key  of  explanatiuos.    Address 

THOS.  H.  CRAFT. 
16  Kolton  St.  Cleveitnd.  Ohio. 


In  Press.    Ready  Jan.  Ist.  1901. 

''  Bricklaying/' 

The  onlj  American  work  explaining  this  important  snbjeet  in  detail, 
supplemented  by  chapters  on  «•  Shoring,"  "Needling,"  and  "Under- 
pinning." The  whole  making  an  inralnable  book  of  referenee  for  the 
Engineer,  Architect,  and  Bnilder.  Illustrated  bj  orer  150  Engrarlngs, 
with  full  deseriptire  text.    Adranoe  orders  now  receired. 

Priea,  Twa  Dollars,  Paatpald. 
0.  B.  MAGINNIS,  Author,  310  W.  128th  St..  N.  Y. 


The  Detroit  Sight  Feed  Lubricators 


po<)8e6e  all  the  improvemeats  and  good  featares  that  have  been  sug- 
gested by  oar  own  and  our  customers'  experience  during  the  past  20 
years. 

They  are  being  used  by  more  than  nine-tenths,  of  the  prominent 
American  engine  builders,  who  are  good  judges  of  lubricators.  Many 
of  these  have  used  them  continuously  for  more  than  15  years. 

There  are  more  than  650,000  Detroit  Sight  Feed  Lubricators  in  use, 
or  more  than  all  other  styles  combined. 

Use  the  Detroit  Lubricators  and  you  will  be  in  good  company. 

Our  New  Catalogue  showing  our  full  line  will  be  sent  on  application. 


DETROIT  LUBRICATOR  CO.,  DETROIT,  MICH. 


Gas  and  Gasoline  Engines 


Adapted  for  ALL  Power  Purpoies— Fao- 
tories.  SleTators,  Water  Works,  Mining, 
Milling,  Deotrlo  Lighting,  eie.  Cheaper,  handier,  and  better  than  tteam.  The  largest 
plant  in  Amerioa  deroted  exclnsiTely  to  boilding  gai  and  gasoline  engines.  Sliot  8 1» 
tlO  H.  P.    Send  for  Catalogue  W.  FOOS  OAS  ENOINE  CO..  Sti^oi  ■.  SPRIROFIELI,  0. 
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STANDARD 
THREE  QROOVB  CHUCKING  REAMERS. 

Taper  or  Straight  Shanks. 


ThiB  tool  ie  epecially  adapted  for  drilling  and  reaming  oored 
holes.  No  FINISHING  RKAMXR  required  for  ordinary  work.  Special. 

LENGTHS  MADB  TO  OBDXB. 


"If  the  power  to  do  baid 
work  Is  not  talent.  It  ia  tte 
best  ponible  wibatltQteJtartt.^ 


Send  for 

Red  Shield  Catalof, 

lllattrttiflg  24  kiidt  of 

REAMERS 

MAIIVPAOTUBXD  BT 


THE    STANDARD   TOOL    CO.,  CLEVELAND,  OHIO. 


Brown  <&  Sharpe  Mfg.  Co., 
J.  Stevens  Arms  <&  Tool  Co., 
Morse  Twist  Drill  <&  Machine  Go. , 
L.  S.  Starrett  Go. 

ADd  Always  have  a  supply  of 
their  catalogues  to  furnish  to 
our  customers. 


l^uis  Ernst  &  Sons, 

129  tad  131  But  Mali  St. 


Rochester,  N.  Y. 


SCHWERDTIE  t  SIEBERT, 


■RIOeEPORT,  CONN. 


^     Learn  Ad- Writing 

'I I W^       If  jva  mre a bnslnen  mui  and  %mX or  wuit 
11  ^b/^to  B«t  buaibMS  by  any  k«nd  of  advartlsln^. 
— -  «>.4^  f  Mid  want  to  know  h«w  to  Advrrtke  aad 
■aka  Moaryior  if  you  ar*  an  am  ploy*  and 
•xpact  tr  BO  Into  huslnaaa  fur  yourMlf  :  or 
if  you  wan«lo  gat  Into  a  new  and  profitabla 
prufaMlon— wa  fumiab  the  foundation— 
tha  accumulated  knowledge  on  the  subject. 
InTostifratlon  coeU  yon  nothing.    Invalu- 
able Information  will  be  icnt  yon  VREE. 
Addl«M  AdvartUInf  World  Publklly  Clab,  Colnaibae,  O. 


OTHER  TOOLS  ARE  VERY  OOOD  TOOLS 
BUT— "YARKEE"  TOOLS  ARE  BEHER. 


•eukle  aptral-Katehat  Seraw  Driver  ■•.  SO. 


KaaiprMatlac  •rill  ■•.  SO. 
"Tankaa"  Tool  Book  Mailed  Fnaky 

North   Brothers  Mfo.  Co., 

N.  X.  Oor.  Lahlck  ▲▼•.  and  AiBfirinan  SI.. 
PHILADKLPHIA.  PA. 


HOWSON  AND  HOWSON 

ATTORNEYS  AT  LAW 

SOLICITORS  OF  PATENTS 
3a  South  Broad  Street,  Philadelphia 
New  York.  38  Park  Row.  Washington,  918  P  Street 


■•rl  Tasr  Tsols  Vltfc  •  Steel  %Um% 


8eodlorpiloellfltllo.ll. 
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The  climax 
of  comfort 

is  found  in 

President 
Suspenders 

IS  '^President '»  U  on  the 
bucklt9,  iVt  genuine, 
Triraminica  will  not  rant. 
8jld  everywhere,  60c., 
,                 or  by  mail,  postpaid. 
\             Ererj  pair  irnaranteed 
1                     by  the  maker. 
\      0.  A.  EOGARTON  MFG.  OO^ 
^          B«z  X  i4 .  Bklrley,  Mm>. 

The... 

Practical  Engineer 


ie  a  high-class  monthly  journal  which  is 

devoted  exclasively  to  the  interest  of 

STATIONARY  ENQINEERS. 

the  year  is  the  subecriptioD  price. 
Sample  copies  sent  FREE. 

ADDBnS 

THB  PRACTICAL  BNQINEER. 
1213  Filbert  Street,  Philadelphia,  Pa. 


50c 


THB  ROSENTHAL  SYSTEM  OP 

LANGUAGES 


in  M INII  TTf?C  a  day  for  three  or  four  moDths 
on  iTil  l^U  1  Co  will  enable  you  to  acquire 
a  language  without  the  aid  of  a  teecher.  These  are  the 
latest  rcviidons  of  the  boolLR  of  Dr.  Richard  8.  Rosenthal, 
the  mo«t  celebrated  teacher  of  languaKee  in  the  world, 
flunous  as  the  author  of  the  Meisterschaf t  system. 

SPANISH, 
FRENCH, 

GERMAN, 

or  ITALIAN. 

DeseriptiTe  circular  sent  upon  appli- 
cation, Rising  endorKmentt  by  the 
Worid,  Herald^  and  Times,  of  New  York: 
Transcript  and  Heraid,  of  Boston,  and 
many  others. 


OR.  ROSEirrHAL 


HIOHLY  RBCOnnENDBD  BY  LEADING  TBACHBR5 

MIss'F.  A.  Funk,  of  Baltimore.  Md..  writes:  *'I  have 
been  studying  Dr.  Ronenthal^s  French  for  a  little  more 
than  two  months  and  find  that  I  can  make  myMlf  under- 
Ktood.  and  that  I  can  understand  others.  I  did  not  be- 
lieve when  I  commenced  that  I  could  l«»am  to  pronounce 
without  a  teacher,  but  I  find  that  there  is  no  difficulty 
about  it  at  all.  I  think  you  should  emphasiie  this  fact 
more  in  your  circulars  " 


Total  Cost  '.l? 


TIN  BOOKS 
IB  lAOH 

LABouaoi 


$5.00 


PUBLISHER'S  PRICE,  ^6.00. 

Only  a  few  sets  left  at  this  price. 

LATIN    AND    ORKKK 

Taught  bf  Oorreapondenee. 

WRira  FOB  TERMS, 
r.  C.  BAKU,  Bom  IMS,  kmw,  Treet  Sedaiy  BIdf .,  lew  Terk  atj. 


^The         ^ 


Seven 
Stomachs 

ofM 

Camel, 


not  to  speak  of  its  long  and 
thirsty  neck,  never  wished 
for  the  oasis  spring  more 
than  cultured  man  has  for 
a  true  Black  Writing  Ink. 


Higgins' 
Eternal  Ink 

IS  "IT" 

It  is  guaranteed  true  black,  free- 
flowing,  non-corrosive,  and  proof  to 
age,  air,  sunshine,  chemicals  and  fire. 
Ask  your  Dealer  for  it,  or  send 
ten  cents  for  prepaid  sample  by  mail. 

CHAS.  3f.  HIGGINS  A  CO. 
i68  8th  Street,  -  Brooklyn,  N*  Y, 

London  Office,  io6  Cnarlng  Cross  Road 


"^^^^^^^^^p^^^^^^^^^^^^^ii^^^^^i^^^^^^^i^i^^^^^t^^^^^^^^^r^^^^^iM 


Ilelp  Along  the  "  Coupon  Canvass,' 
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.-Telephones 

\  rATAL^&irC5  Free 


236  BroBilwsy.  New  York. 


EVERYTHING  ELECTRICAL— LOWEST  PRICES. 


MRI'IAITII  ELEC.  CO.. 


Ttlagnph  Otttiti, 
BikMity  Moton. 
BattcsT  TaUt  Lftmpt, 

Bi«7eU  El««trie  liglita, 
BAltoiy  StadMt  Lamp. 
TiUphoM  Gonpltlt, 
FMk«lllMhIiskK 
KlMkri*  B«b7  Lmp, 
Buly  BlMn  0«tf  t, 
OiUBdlOtttit, 


1.00  to  7.00 

8.00 

76  «ti.  to  S.00 

1.76  to  4.00 

4.00 

6.00 
1.60  to  8.00 

1.60 

8.60 
.76 


7S'77    NASSAU  STREH.  NEW  YORK. 


ENGINEERING 

PRACTICE  ^NoTHEORY 

FOR   STEAM    ENGINEERS 

Ib  %  new  book 

Written  for  Eaglneers  by  an  Engineer. 

It  eontaina  2U  ohapton  of  praotioal  infoniuition,  followed  bj  an  ap- 
pendix, whi<di  explain*  35  canaea  for 

Founding  In  Strain  Engines. 

The  whole  work  Sm  written  in  an  eaey,  oonTersational  etjle  that  makea 
the  inatmction  Interesting.  300  examination  qneetiona  are  giTen,  the 
answers  to  whieh  maj  be  found  in  the  book. 


Sent  to  amy  address 
on  reeeipt  of    .    . 


$1.00. 


Direct  orders  to 
the  author. 


W.  H.  WAKEMAN, 


64  Henry  Street, 


NEW  HAVEN,  CONN. 


fyf  ANY  of  our  friends  oend  U8,  from  time  to 
time,  nemei  and  eddreeaei  of  people  lo 
whom,  they  inggeit,  we  might  oend  specimen 
nnmben.  We  ihall  esteem  it  a  feror  if  ALL 
will  faTor  ns  In  the  same  way. 


The  Representative  Organ  of  the  Profession. 

Founded  in  1877,  by  D.  T.  Amss. 
60o  per  Year.  Send  2o  atamp  for  Sample  Copy. 

Complete  oouraes  ar- 
ranged forself-lnatmo- 
tion  in  Business  and 
Artistic  Writing.  Prac- 
tical Lettering,  Draw- 
ing, Etc.  More  than 
100  pen-copies  each 
month.  A  Self-Help 
Club  to  which  every 
subscriber  is  eligible  to 
membership. 

The  magazine  is  a 
symmetrical  deyeloper 
of  the  young. 
Send  for  sample  copy  TODAY. 

PENMAN'S  ART  JOURNAL,         202  Broadway,  New  Yorli. 


Price  $2.00 

delivered.  If  not  SKli^K- 
tory,  money  will  be  r> 
funded  npon  reinm  of  book 
in  good  condition* 

This  work  catnies  yoo 
from  the  fnndamentAl  priii- 
oiplee  of  Electricity  lo  ih0 
finished  Dynamo.  Qoee- 
tions  at  end  of  each  eh^Her 
prevent  yon  iwinmng  t^ 
chapter  nntil  yoa  ondv- 
stand  it. 

Book  oontaine  a  dietk» 
ary  defining  1,500  eleotriol 
words,  terms,  and  phiaaea. 


.^* 


A  Hawple  of  Kvmdrcda  of  T— tlmonUla  w»  vooalw 

80BA2iTOV,  Pi..,  U.  &  . 

Clxtilamd  Abmatuxb  Wobxs, 
Cleyeland.  O. 

GSMTLBflN— 

As  president  of  the  Scranton  Local  of  the 

Workers,  and  also  as  offioer  of  the  Seranton  Ajsoelatton  at 
■nglneen,  I  reoelTe  many  Inquiiles  as  to  whal  la  the  be« 
elementary  hook  on  nedricify.  This  qnestion  I  dJd  not 
answer  until  I  eame  across  your  pnhlieaaon  ealled  *'  Pem- 
tioal  Eleetrieity."  I  purchased,  when  in  New  Tort;  two 
eopies  of  this  hook,  and  presented  one  to  each  ol  the  above 
mentioned  assoeiations,  and  hare  ainoe  reoelTwl  a  nimber 
of  calls  from  the  members  for  eopies  of  this  hook,  and  no* 


I  take  permission  to  ask  what  is  the  best  possfhle  dteeooat 
yon  will  allow  whan  ordering  same  in  doaen  IoIbl 

ColUecy 


list  Hamlltan  St.. 


The  Voltmeter  and  Ammeter. 


A  carefullT  tested  oomhlnation  *  c 

instrument  for  students*  use.  ^  ^ 

L.  E.  KNOn  APPARATUS  CO..  16  Aahburtos  Plaoe,  Beaton,  Bau 


Our  new 
A.  I 
..of.. 


ELECTRIC  SUPPLIES  AND  NOVELTIES 

is  just  out.    It's  interesting  from  cover 

to  cover.    Send  two  two-cent  stamps. 

J.  ELUOn  SHAW  a  CO.,         ^%t  Areli  St,  PHIUDEI^HIA 
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t 


Push  or  Pull. 

It  wofks  both  ways* 

Simple,  Strong,  and  Positive. 

Thousands  in  Use. 

Vfite  ■ 

THE  SHELBY  SPRING  HINGE  COMPANY, 

Miin  Office  and  Factory^  Shelby^  Ofiio» 

^^TILCOX  MFG.  CX>.,  Aurora*  IIL 


^t>»»l>O»l>03g<»Wllt»»l»M»MMMttW»»»tt»dlWH»»»S(»»3l»0 


Alantels,  Plreplaces, 

Andirons,  Tiles 
Qas  Logs,  Etc. 

Bath  Room  Hoors 
and  Walls  Tiled 

Mantels  $o  and 


W. 

No  Brmnch  Stores 


Buy  Direct 
Unusually  Good  Value 

JACK50N'5  SON 
246  Front  Street,  New  York 


Same  addreis  for  the  past  70  years. 


Near  Beekman. 


RAPID^ACTING  VISES 

FOR  WOOD  WORKERS, 
THOUSANDS  IN  USE  BY- 


Fmtiern  &itd  Cabinet  Afakers,  CarpettterB 

and  Car SuildetSj  Mnaaul  Tr&iuitig 

Schools,  Navy  Yard^j  etc^ 

WtTTS  won.  CI*CtJ'LAa& 

W.  C.  TOLES  &    CO        <"VING  PABR, 
TW.   V*     IVkl^^J   a    UU.,    CHICAGO,  ILL, 


H 


Along  the 

Coupon  Canvass.' 

Page  lA. 


A  Whole  Niagara 


of  water 

would  be  required 

to  supply 

the 

225,000 


Aatomatic  Injectors 

NOW  IN  ACTUAL  USE. 

We  can  furnish  Injectors  for  any  and  all  con- 
ditions.   Write  us. 

PENBERTHY  INJECTOR  CO., 

220-226  Abbott  Street,       -      -      Detroit,  Mich. 

Largest  Injector  Manufacturers  in  the  World. 


Aoatylana  Qas 

Is  now  inelndad  in  nearly  all  speeileatlMu.    It 
fires  a  boildlng  an  ii|Kt»-4ate  appeamnee.  The 

National  Oanarator 


Is  oaually  Mleeled 
far  eataloime  "  C." 


heoanse  it  li  reUaUe.   Write 


•levelaad,  Okie. 


Digitized  by 


Google 


SfS 


AD  VERTISEMENTS 


A  GRAND  INVENTION  I 


••  eoBlMent  are  we  that  if  ymm  try  It  aad  learn  ef  Its  real  eraOlwt 
and  Ueoatasa,  yem  will  sever  part  with  it,  that 

"S^TB^  JSE>KI>  TJ>  €>:K  80  I^.^^V'JS  ^THAT^ 

To  hv  rcturaed  at  ear  expense,  and  year  meney  refunded,  if  net  J  vat  aa 
lulvertined— and  the  beet  Cabinet  auide— what  eonld  be  mere  fhir  f 


^%m  I  A  i^PE^  FOLDING  BATH 

QUAKER  CABINET 


Our  New 
I903$tyle 
'  300,000  saiD  ANliuAUV.   A  fiENUINE  LAWFUL  CABINET.   aUARANTEEO  TNE  BEST. 
AWARDED  FIRBT  PRIZE,  BLUE  RIBBDN  AND  DIPLOMA  AT  EXPOSITIONS 

OBSCRIPTIOIV  :-It  !•  an  «ir 
tight  nibb«r  walled  room  in  which  one 
oomfortablT  rMta  on  a  chair  and  with 
the  head  ontaide  breathing  pare  air, 
enjoys  at  home  for  8c  each,  all  the 
deantinff,  cnratlTc,  inTigoratin«  and 
parifjinff  effiscta  of  the  famons  Turk- 
bh.  Hot  Air.  Hot  Vapor  hatha,  per- 
fumed or  medicated  if  desired.  Better 
and  cheaper  than  any  treatment  at 
Turkish  Bath  Booms,  Sanitarinms  and 


/  Opan— Baady  for  Uaa. 

THOUSANDS  OF  PROMINENT  PEOPLE  PRAISE  IT. 

Jol&n  ir.  Prlteb»rd,  Editor  **  Christian  Nation,"  New 
York  City ,  writes :  This  Cabinet  Bath  is  refreshing  and  inTig- 
orating  to  a  degree  surprising,  and  is  in  fact,  **Tired  Katoxaa 
Sweet  Restorer.^*  „ 

nr.  1j.  Brown,  Bicycle  dealer,  Oxford,  Ohio,  tays:  mw 
father  was  down  in  bed  for  months  with  rheumatism;  thu 
Cabinet  did  I  * 

Boracli 

and  '* Sabbath .-- 

Quaker  Cabinet.  It  cured  a  bad  case  of  rheumatism  with 
which  I  had  been  afflicted  for  years.  It  paid  for  itself  in  a 
week.    Should  be  in  erery  home. 

Simon  ToBspklna,  a  retired  capitalist  of  Columbni: 
0.,  1031  B.  Broad  Street,  says:  I  am  satisflod  it  tayed  my  Uf^ 
I  was  down  with  a  dangerous  case  of  pneumonia  and  its  oao 


1  him  more  good  than  tSO.OO  worth  of  medicines.  _ 
tlo  Pace,  M'g*r  **New  York  Weekly  Witness,** 
ath  Beading.**  writes :  I  most  heartily  endorse  yoiff 


Hot  Springs.  It*s  not  a  cheap  fUmay  af- 
fair, but  a  genuine  Cabinet,  subetan- 
tial  and  durable.  Finest  goods,  hand- 
somely finished,  has  every  improT»> 
ment,  real  door  on  hinges,  heary  stael 
frame,  galTaniied,  best  antiseptic  cov- 
ering, rubber  lined,  only  Cabinet  largo 
and  roomy  inside,  plenty  of  room  for 
hot  foot  bath  and  to  sponge  and  towai 
the  body  while  inside.  Folds  flat.  1  in. 
space.  Easily  carried.  Weighs  10  Iba. 
BOir  CAH  YOU  DOUBT  I'TS  MBRVT,  whmn  MOb  promhMnt 
paopla  aa— Rot.  O.  M.  Kolth.  Bdltor  **HollBaaa  AdTooata;'*  Ooogroao- 
man  John  J.  Ijoata ;  U.  8.  Senator,  Hob.  Ohaaaooy  M.  Dopow :  O  H.  Fango. 
V-Proa't  Amorioaa  Bxproaa  Oo.;  Ohaa.  Btoddard,  of  "Mnnaay'a  ICa«a» 
■tno;**  C.  J.  Raymond,  U.  S.  Troaa.  Dop't,  Waahiiiftoa;  Alloa  B.  Stock- 
ham.  M.  D.,  Cbioaco ;  and  1,000,000  ottaora  oaa  aad  rooommapd  ttt  . 

TBIB  OHI.T  BATMB  that  PBSSERVE  HEALTH 
PBBVBBT  <:oiSet  Vov«rs«  IiSic>4FP«  m><1  Plaaoae, 
Make  elMur  akin.  p«ro  blooA,  atroMff  narwca,  dear 

IbralM*  kealt^rlMicfl.     — ^ 

Beamtuy  eoasplezioa* 

WE  POSITIVELY  GUARANTEE  RESULTS. 
1^,000  users— 27.000  physicians  recommend  the  Quaker, 
td  it  wlli  c«re  lVerwo«a  TrowMea,  and  BeMlltx« 
leoaiieaa,  Obealtr,  lAcrippe,  Hewralcla. 


ss 


leaa,  ObealtT,  lAfrtppe,  lte«m 
I  BHBUMAVUW-{we  liawe  of 
J  »  atMtdimc  reward  of  SSOi.OS  1 
BotreliowedO  Oareo  IToasaw^a  Tro«blea,  Head- 
aeke,  Oowt,  FUea,  Bropar,  Blabetea,  all  blood  aad 
Skin  Biaeaaea,  Idwer  and  Kidaej  Tromblaa. 


flbvr  xeara  a  afdiag  i 


promptly  cored  me.  ^  «  - 

wna.  J.  C.  Bvlaney,  Ko.  8.  E.  Baltimore  St., 
,  Md..  Publisher  **MethodUt  Protestant,*'  writes: 


,  Baltl. 
more,  ttd..  Publisher  "Uetboaut  rrotestant,"  wncee:  For 
Lagrippe,  rheumatism,  kidney  troubles,  dropsy,  skin  diseases 
and  bad  colds.  I  belisTe  the  Quaker  to  be  the  best  thing  yet 
discovered.  I  use  it  weekly.  Know  many  others  who  do  and 
hare  yet  to  hear  of  one  who  does  not  praise  its  Tirtuee.  I  write 
this  because  it  has  always  met  my  expectations.     _    .  .      _ 

O.  C.  Snaitk,  Clerk  Board  of  Health,  Mount  Healthy.  O., 
says:  Since  usina  this  Cabinet  my  catarrh,  asthma  and  other 
troublee  with  Which  I  have  been  afflicted  for  20  rears.  haTe 
neTsr  returned.  Worth  tl.000.00  to  me.  I  have  sold  120  Cabinets 
and  many  of  my  cuRtomers  have  cured  Lagrippe,  measlee, 
croup,  kidney  troubles,  ecxema,  blood  and  skin  deeeases,  dia- 
betes :  in  fact,  almost  every  ailment,  and  all  are  delighted  with 
the  Cabinet.  My  wife  finds  it  excellent  for  ailments  peculiar 
to  her  sex  and  invaluable  for  our  children.  .  ..  ^.     . 

J  B.  B,  Blaine,  Manager  **  Christian  Standard,**  Clnctn* 
nati,  says:  I  have  seen  nearly  all  the  Bath  Cabinets  on  the 
market  and  believe  the  Quaker  superior  to  every  other.  Mo 
home  is  complete  without  it.  ,  «  ^  .  -w*^ 

Bew.  Fred.  B.  BaatiltOB,  of  Buifalo,  says:  Thia 
Cabinet  did  my  wife  more  good  in  five  weeks  than  three  years 
of  doctoring  and  a  fortune  spent  at  Hot  Springs  and  health 
resorts.  Cured  here  of  female  weaknesses,  nervousness,  as  well 
OS  kidney  troubles  and  dropsy,  with  which  she  had  long  suifered. 
It  is  a  Ood  sent  blessing  to  humanity.        _  ,    , 

Bev.  H.  C.  Boemaea«  Everett,  Kan.,  lays:  It  is  a 
blessing.  Filled  ma  with  new  life  and  Tigor,  Xrerr  fUnOj 
should  have  it.  „ 

BeT.  J.  €.  Bicliardaon,  N.  ftth  St.,  Boxbury*  Mass,* 
was  greatly  benefited,  and  recommends  its  use. 

S2.00  BOOK  TO  PATRONS  FREE. 

Prof.  Oerlns,  who  lias  visited  the  famous  Baths,  Hot 

and  Mineral  Springs  of  i>ot»i  *i»«:«P*  *»«i«iJ"2r'*S^.'i  **^ 
Written  a  valuable  lOO-pagre  book,  price  Sa.OO.  Tells  all 
about  these  wonderful  baths.  Gives  directions  for  treating 
».%ery  diHeaee.  Ai«o  tells  how  to  live ;  what  to  eat,  drink,  etc. 
How  to  secure  perfect  health  vigor  and  a  »>«•'"*»"*  complexion 
tjy  natural  living.  We  will  furnish  one  copy  FBICB,  with 
each  "Quaker"  Cabinet. 

nanCD  Tll.nSV— We  carry  10.000  Cabinets  In  stock  and 
UnllLll  lU  UAI  ship  by  express  same  day  your  order 
is  received.  Bemit  by  Bank  Draft.  Express  Money  Order,  P.  O. 
Money  Order,  Certified  Check  or  Begistered  Letter 


SO  SIMPLE  TO  OPIRATC 

Before  retiring,  light  stove,  step  in 
Cabinet,  close  and  fasten  door,  sit 
down  and  yon  enjoy  a  temperature 
of  100<>  to  150®  F.  aocordlng  to  how 
yon  regulate  stove.  AM  done  Im 
one  asinvte.  Stay  in  from  16  to  80 , 
minutee— open  top  curtains,  cool  off 

Sadualiy  while  you  sponge  and  towel 
e  body.  Impossible  to  catch  cold 
or  weaken  the  system.  Perfectly  safe 
and  harmli 


SOAP  and  WATEB  simplT  ^  

the  surface  of  the  skin,  while  Vapor 
hatha  open  the  3,000,000  porea  all 
over  the  body,  stimulating  the  sweat 

{rlands,  wasbiug  out  all  the  poisons 
n  the  blood,  and  the  impure  acids, 
salts,  etc.,  which  if  retained  over- 
work  and  weaken  the  aeart,  kidneys, ' 
longs,  liver,  causing  disease,  debility  and  sluggishneaa.    , 

IT  WILL  CUBE  A  BABD  COLD  with  one  bath,  and  prs- 
Tent  Lagrippe,  Fevers,  Pneumonia,  Lunf  Fever,  Asthma  aad  is 
really  a  household  necessity.   With  the  Cabinet,  if  daairsd,  is  a 

HBAB  AMB   COMPI.BXIOM 

STBAMI1f«  ATTACBMBMT 
(the  best  ever  oflered)  in  which  the  head,  face  and  neck  is  given 
the  same  vapor  treatment  as  the  bo  'v.  Makes  clear  akin, 
beautiful  complexion,  cores  and  prevents  pimplee.  blotcbsa. 
blackheads,  skin  eruptions  and  diseases.  Invaloabla  far 
Asthma,  Catarrh  end  Bronchitis. 

BOM T  BB  BBCBITBB  by  worthlsss  ImitatioM  or 
new  irreeponsible  firms  who  have  spmng  op  like  moehrnoms 
IPlaee  your  order  w^ltl&  «a  and  you  do  bosiness  with  an 
old  firm,  responsible.  Capital  SlO^v^OS.O*,  who  do  jost  as 
they  agree,  and  are  the  largest  and  oldest  manofactorers  of 
Bath  Cabinets  in  the  World. 

Tl&e  price  la  reasarkablj  low^.  Only  05  00  for  Cabi- 
net complete  with  beet  heater  and  attachments,  plain  direc- 
tions and  formulas  for  25  baths  aad  Tarions  ailaenta.  Face 
steaming  attachment  tl.OO  extra. 

Ill PIIX  Tflall AV  'or  ^11  informaHon  and  oor  walsM- 
ff  nl  I  C   I II   UAI  Mo  book  free.    Also  testimoniaU 


travel.  _ 

onr  locality     You  supply  it 
i  00  to  tlO.OO  clear  daily. 
»^^«nd  your  address  anrway. 
rv.i.  4\rm  is  reliable -Rditor  ) 


from  thousands  of  users.  Or,  better  still,  order  a  Cabinet. 
Tou  won't  be  disappointed  as  we  guarantee  every  one  and  re* 
fund  price  paid  after  90  days  use.  If  not  just  as  represented. 

flV^DON'T  FAIL  TO  SEND  FOR  BOOKLET  ANYWAY 

AMB    WOMBM-BIO   irA«BS    S—,—  to  •••.•• 

WBBKI.Y  at  home  or  to  o^n  offloes  or  parlors,  to  appoint  ageats  or 


A8ENT8  AND  SALESMEN  WANTEu    WBBKI.Y  at  home  or  to  open  oiBces  or  parlors,  to  appoint  a 

A  wonderful  seller.  We  are  spending  03^.000.00  advertising  this  Cabinet,  which  has  crsated  an  enormooe  demand  right  in 


..    Most  liberal  terms  and  commissions.    Be  your  own  _ 
^Vrlte  for  our  SPECIAL  1901  P&OPOSITIOlf, 


Wjl] 


Any* 


energetic  man  or  v 


rite  for  our  SPECIAL  1901  P&OPOSITIOlf,  MBW  PI.AM,TBRMS,  Bto.,  WWtWm 

The  World  Wfg  Co.,2602  World  B'ld'g,  Ondimati,  0 


ADVERTISEMENTS 


SS 


Practical  Books 


IF  YOU  want  adj  parttoular  book  on  any  inl^eot,  we 
wonld  be  ideaaed  to  qoole  yon  inioe  on  Mume.  If  yoa 
want  tome  particalar  informatiofi,  and  do  not  know 
Jmt  what  work  to  order,  we  would  be  glad  to  recommend  a 
book  which  wonld  contain  the  information  desired.  We 
would  be  pleated  to  mail  yon  any  one  of  the  following  cata- 
lognes,  published  by  ub,  on  application: 
Practical  Books  Relating  to  Architecture  and  Building 

Construction. 
Practical  Books  Relating -to  Civil  Bngineering. 
Practical  Books  Relating  to  Blectriclty. 
Practical  Books  Relating  to   ifschaaical   and   Steam 

Bngineering. 
Practical  Books  Relating  to  ifining,  ifstallurgy,  and 
Chemistry.  

Since  the  publication  of  the  above  catalogues  the  follow- 
ing valuable  works  have  appeared: 
Law  of  Operations  Preliminary  to  Oonstructlon  in 

Engineering  and  Architecture,  by  J.  C.  Walt.  I  5.00 

Dynamo  Electric  Machinery,  by  Sheldon  and  Mason.    2.60 
Machinery  for  Refrigeration,  by  Norman  Selfe.  8.50 

Engine  Tests,  by  Geo.  H.  Barms,  S.  B.  4.00 

Street  Pavements  and  Paving  Materials,  by  Gea  W. 

TUlson. 


A  Manual  of  the  Steam  Engine.  Part  II,  by  Robert  H. 
Thurston. 


4.00 


6.00 


xTioe. 
8.00 


We  hare  a  few  copies  each  of  the  following  technical  books 
in  stock,  perfectly  new  but  slightly  shelf-worn,  which  we 
will  dote  out  at  a  discount  of  about  ao  per  cent  from  the  list 
prices,  which  will  also  Include  postage  paid  to  destination. 

List     Special 
Price. 
Brush  A  Penfleld's  Determinative  Mineralogy  4.00 
Alexander's  Ready  Reference  f6r  Stationary 

Engineers  and  Firemen 
Buckley's  Electric  Lighting  Plants 
Blozam's  Laboratory  Teaching 
Carpenter's  Experimental  Engineering 
DrlnoU'sGoklOres 
BInler's  Modem  High  Explosives 
Palrley*s  Colliery  Managers'  Calculator 
Fenwlok  A  Baker's  Subterraneous  Surveying 
Pint  Aid  to  the  Injured 
Franklin's  Mine  Surveys 
CMmshaw's  Tips  to  Inventon 
James'  Colliery  Ventilation 
Knott's  Electricity  and  Magnetism 
Lardner's  Steam  Engine 
Lock's  Mine  and  Ore  Dressing  Machinery 
Machine  Shop  Arithmetic 
Merriman'B  Text  Book  on  the  Mechanics  of  1 

Materials 
Moore's  Universal  Assistant 
Redwood's  Mineral  Oils 
Roy's  Coal  Mines 
8k>ane'B  Electricity  Simplified 
Spon'B  Tables  for  Engineers 
Smith's  Press  Working  of  Metals 
Smith's  Treatise  on  Wire  Ropes 
Thomas'  Coal  Mine  Oas 
Williamson's  Mining  Notes  and  Formula 
WUson's  Trratlse  on  Steam  Boilers 
Wlnlon  A  Miller's  Engineers'  Encyclopedia 


TNE  FRMKUN  81$  ENaiNE 


A  Nalf-Htrstpswtr  Isltl  ftr  the  Amattur  Cosstrsotsr. 
Sets  of  Oantliigs  and  Material;  Finished  Parts,  and 
Complete  Engines.    Write  for  Oas-Engine  Circular 
No.  8.    Inventions  perfected;    Accurate  Model  and 
Tool  Work.    Write  for  Inventor's  Circular  No.  6. 

FARSKI.I.  Jk  VVKKD, 

ISt-ISI  W.  SIst  St,  NEW  YORK,  U.  S.  A 


PALMER 


Gatottne  Bicycle   Moton»   StetiooAry  and 
Marine  Motors. 


2.00 
6.00 
2.76 
1.00 
.40 
8.00 
8.00 
4.00 
LOO 
2.60 
8.00 


1.60 

4.80 

X20 

.80 

.82 

2.40 

X40 

8.20 

.80 

2.26 

4.80 


THE  TECHNICAL  SUPPLY  CO., 

SCBAHTON,  PA. 


l^gf     We  SM  CasUnss  for  Bicycle  Motors. 

Send  for  Catalog. 

Palmer  Bros.,  -  Mianus,  Conn. 

Cut  Down  th«  Coal  Bill. 

Your  fuel  bill  is  an  ex- 
pensive item.  Cut  it  down 
by  using  the 

Rhrmm  Bconomlc 

Water^Tube  Boller» 

a  saver  of  fuel,  repairs,  time, 
and  space.  Essfly  cleaned; 
compact;  has  great  durabil- 
ity. Furnished  complete 
fnth  all  flzturas,  including 
locking  grate  bars.  6  to  30 
horsepower.  Suitable  for 
pumping,  hoisting,  and  heat- 
ing plants,  and  where  small 
powen  are  needed.  It  is 
•elf-contained  — no  walling 
required. 

Write  fbr  booklet. 

J.  B.  EHRSAM  8  SONS, 
Dept.  "B."       Enterprlst,  Kas. 


CARLIN  MACHINERY  ft  SUPPLY  CO., 

Centractors'  Machinery,  Hoisting  Engines, 
Derricks  and  Air  Comprestort, 

Engines,  Boilers,  and  Puaps. 

L«aff  Dbt.  PhMe,  SM  A.  101.1SS  LaMck  St.,  Alletheay,  Pft. 


Mention 


SCIENCE    AND    INDUSTRY 
wlien  anaweringr  advertiseme 

Digitized  by  V^OOQ IC 
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AD  VER  TI8EMENTS 


Only  One  Set 

Sold  to  One  Person. 

Until  Jan,  15,  1901,  as  a  special  Christmas  offer- 
ing, we  will  send  to  you,  all   charges   prepaid,  on 

receipt  of 

OINE 
DOLrUAR 

one  set  of  nine  drills  (for  Metal  or 
Wood),  as  shown  in  this  cut,  which 
list  at  $3.  After  receiving  them,  if 
you  do  not  think  the  goods  well  worth 
the  price  paid,  return  them  to  us  aad 
get  your  money  back.  As  to  our  re- 
sponsibility, we  refer  to  the  publishers 
of^this  paper,  or  any  bank  in  Taunton. 


^7_7_..^iJ 


[(Straight  shank  drills  sent  at 
^If  prafsrred. ) 


price: 


Bveiy  tool  that  leaves  our  factory  U  folly  KHaraateed. 

LilNCOLN  *  ^MfOOD  CO.,  TAUNTON,  MAI 


Micrometer  Calipers. 


Catalog  for 
the  asking. 


J.T.SLOCOMB&CO., 

Provident*,  R.  I.,  U.  S.  A. 


U 

Z 

i 
< 
S 


u 


vi 

^ 


Bench  Screw  Slotter 

flAriO    IN    OrKIIATlOM-a 

LOW  IN  rnicK. 
•KNo  Fon  einouLAn. 

Grant  Mfg.  Co., 

•RIDOIPORT    eOH. 

J^ente— McDowell,  Stocker  &  Oo..  Chi- 
cago,  ni.;  Thofl.  A.  Renshaw.  75a  Hoean 
Victoria  St..  London,  B.  C,  England. 


Union  Tool  Grinder  No.  I. 

Just  the  Tklng 
for  Small  Shops. 

Nearly  ton  thooMnd  Mid  in  1900.  Speed.  3 
to  4  thontand.  All  fear-driven.  Solid  emerr 
wheel  6x9^. 

Every  Tool  Warranted. 
Special  Price,  $&00. 

We  make  a  fall  line  of  foot-power  tool 
grinders.    Write  for  partionlars, 

UNION   MFG.  CO., 

20  Breckenrldge  St..  Bsffalt.  R.  Y. 


H 


Alons   the   COUPON 
CANVASS,     P«Sa  1^. 


Ad- 
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Something  I  WANTED. 

jS  Every  Master  Mechanic  in  the  World  to  send  for  our  Illastrated  Cata- 

m|  S  logue  D.    It  deBcribes  our  Hot- Forged 


Hot-Forged  |  Four-Groove  Chucking  Reamers, 


and  also  telle  how  we  make  Twist  Drills. 


Tools.  I  NEW  PROCESS  TWIST  DRILL  CO., 


34  Court  Strkkt. 
TAUNTON,  MASS..  U.  S.  A. 


"TOPICAL  ARCHITECTURE" 

▲  BeriM  of  Claalflsd  Dwiffiis.  Ansiiged  for 

Draftsmen,  Designers,  Architects,  Etc. 


Parts     I  and  2 
Parts  3  and  4 
Parts  6  and  6. 
Part     7. 
Part     8. 
Part     9. 
Part    iO. 


Price:  Stegle  Part«  40  cts. 
AIERICAN  ARCHITECT  AND  BUILDING  NEWS  CO., 


RENAISSANCE  DOORWAYS. 
RENAISSANCE  CAPITALS. 
IRON  GATES  AND  RAILINGS. 
RENAISSANCE  CHIMNEY-PIECES. 
TOMBS. 
ARABESQUES. 
SGRAFFITO. 
Other  Parti  in  Preparation. 
Three  {different)  Parts,  $1.00.       Ten  (different)  PartSt  $3.00. 


211  Tremont  St.,  Boiton. 


PETSiiiS^FREE 

If  70D  wUh  9acj  of  the  animals  belofw,  prompt  action  ia 
necetaary  on  your  jxurt :  Angora  Cats,  Belalan  B«u«a, 
Monkeys.  ParruU.  Ok  jury  Birds,  Aiocklnff  Biids.  Oold- 
flnchea.  Jipanese  Iloi>bi  .s,  Lai  ks.  lege  ter  « ith  fiujoy 
eagea.  Rabbits,  Sqoinvla,  Fbetlaad  ^onl<s,Onii!es  Pips, 
VsrretSfDogsoraii  Kind«,Aquaiiunis  and  FaucyOt  id  Fish. 

WeliaTe  reserved  a  stocic  of  animals  of  tbef.ne>tqnMJliy 
and  breedinfr  wlilob  we  are  about  to  distribute  FItl- £  for 
the  benefit  of  our  bu>ine84  snd  ertry  person  snvwemig 
this  adTS.'tMemeat  promptly  may  secure  ary  of  the  many 
Animals  in  wnicb  we  deal,  rome  of  wblch  we  mention 
aboTO  for  yoor  selection.  Tae  siock  rsired  from  the^e 
animsJs  ts  to  be  offered  to  us,  at  your  lowest  cat  h  price, 
before  they  are  sold.    This  Is  a  condition  oC  our  ofier. 

We  Start  You  in  a  Profitable  Business 

This  Is  agreat  opportunity  if  talren  adrrntsge  of  at  once 
to  start  in  a  paying  business  without  inrtsting  a  single 
penny  for  the  animals. 

As  an  illustration  of  the  money  to  be  msde  in  raising 
animals :  Genuine  Angora  Cat«  are  w<  rth  from  tS6.00  to 
tl00.00  eaf>h,  and  are  easy  to  raire.  Belgian  Hares  may  be 
raised  in  an  attic  or  cellar,  or  small  ciry  back  yard  without 
dUBculty.  They  breed  from  ten  to  twelve  at  a  time,  six 
times  a  year,  and  sell  for  seemingly  fabulous  prices,  snd 
eenrice  aione  from  a  good  buck  is  worth  J26.C0  Lnrro 
proflta  are  easily  and  quickly  made  by  tho*«  who  begin 
now.  we  want  no  money  with  your  rep'y  to  this  adver- 
tisement. Simply  write  us  and  <<ny  what  you  desire— a  pair 
of  animal^  birds  or  aquarium.  Give  your  full  addrr  si,  to- 
gether with  the  name  of  the  Fxprcvsi  ompany  to  si  in  b/, 
and  say  when  wanted.  W©  pay  express  charges.  Addr«»s 

AIIIAL  WORLD.  Dept.  198.  248  W.  2Sd  St.  New  York. 


Architects'  and  Builders'  Maifazlne. 

PablUhed  Monthly  at  12.00  a  year.     Sample  copy.  30  da 
Send  for  new  Cmulogue  No.  6R.  of  ArchiO  T^rSoiT^ 
tectural.  Srlentlflc.  and  Teohnioal         /  *^V^V^ '^«« 
W.  T.  COMSTOCN,  11  Warren  St.,  Mow  York. 


^END    12 

2C.  STAMPS 

FOBONB 
SAND    DATER 

LIKE  cirr. 

Postpaid  by  mall.  All 
tbf  dates  for  five  years. 

'J  bis  is  the  size  the 
Da  tier  wiU  print.— 

FEB  29  1900 

Kibber  Stamps  to  mark 

Xiines  with  lodslibls 

Ink,  complete,  26o> 

Nan  SssU  Stamp  W*ks. 

»06.611  W.Baltimore  St. 
BAXiTIMOKS,   Md. 
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A  D  VERTISEMENTS 


Sure  PiviNe  Business.    $125* 


HOITH 
EASY. 

Gold^  Silver^  Kiekel  and  Metal  Plating. 
PROFITS  IMMENSE     NEW  PROCESS.     EASILY  LEARNED. 

MR,  REED  MADE  $88  PIR5T  3  DAY5.    Mr.  Cox  writes  : 

(vet  a]]  1  c^Ti  do.  Plate  30  sets  a  day.  Elegant  business.  Mr. 
Woodward  earns  $170  a  month.  Agents  all 
making  money.    So  can  you. 

Gentlefflen  or  Ladies*  you  can 

positively  make  $5  to  $15  a  day, 

at  home  or  traveling,  taking  orders,  using  and 
selling  Prof.  Qray't  Latest  Improved  Platers. 
Unequaled  for  plating  watches,  jewelry, 
tableware,  bicycles,  and  all  metal  goods, 
heavy   plate.      Warranted.     No  experience 

"IlEtTS;*  START  YOU  IN  BUSINESS  POR 
YOURSBLP.    Be  your  own  boss.    We  do  aU 

kinds  of  plating  ourselves.  Have  had  years 
of  experience.  Manufacture  the  only  practi- 
cal outfits,  including  generators  or  dynamos, 
and  all  tools,  lathes  and  materials.  All  sizes 
complete.  Ready  for  work  wben  received. 
Qaarantced.    New  nqdern  methods. 


.1  f  u  rn  I  sh  recipes,  f  armulsf  and  trade  secrets.  FREE.  Fsilnre  Impoisil 
W  DIPPING  PROCESS.  Quick.  Easy.  Latest  method.  Tablew 
>tal,  taken  out  insUntly  with  finest,  most  brilliant,  beautiful  plate,  rei 

rhick  plate  every  time.     Quaranteed  5  to  lo  jrears.     *  *~         '-''  "  '' 

lly.    No  polishing,  grinding 

\  FOR  PLATING  IS  ENORIVH 


ileware 

ready 

A  boy  plates  aoo  to  300  pieces 


OUS.    Every  fam^,  hotel  and  restaurant  have  goods  plated 
td  better.    Von  will  not  need  to  canvass.    Our  agents  have 


all  the  work  they  can  do.    People  bring  it.    You  can  hire  boys  cheap  to  do  vour  plating,  the  same 
.,  ._         .    f.      „ .      Reputing  is  honest  and  legitimate. 


WR  I  EACH  you  the  art,! 

THE  ROYAL,  OUR  NEW 
simpiv  dipped  in  melted  metal, 
to  deliver.    Thick  plate  every  time. 
tableware  daily     "'^ 

DEMAND  P 
instead  of  buying  new.    It's  cheaper  and  1 

all  the  work  they  can  do.    People  bring  i.     

as  we,  and  solicitors  to  gather  work  tor  a  small  per  cent. 
Customers  always  delighted  and  recommend  you  and  your  work. 

WE  ARE  AN  OLD  ESTABLISHED  PIRM.  Been  in  l)usines8  for  years.  Know  what  U  required. 
Customers  have  the  benefit  of  our  experience. 

WE  ARE  RESPONSIBLE  and  Guarantee  Everything.  Reader,  here  is  a  chance  of  a  life-time 
to  go  in  business  for  yourself.  WE  START  YOU.  Now  Is  tlie  time  to  make  mon^.  Sample  of 
tablewareplated  on  our  machine  for  ac.  stomp.  _ 

WRITE  TO-DAY.  Our  New  Plan,  Testimoniate  and  CIrailtfS,  FREE.  Don't  wait.  Send  ns 
your  address  any  way.    Address 

GRAY  &  CO.  PLATING  WORKS,    688  Miami  Bldgr.,  Cinciimati,  a 


KATES 

Catalogue 
Free 

BARNEY  &BERRT 

100  Broad  Street 

Springfield,  Mass. 


American  Journal  of  Photographj 

1019-ai  Marlwt  Street,  PhllailelpliiA,  Pil 

▲n  acknowledged  aaihoriiy,  boih 
in  the  United  Stotea  and  abroad, 
on  maiten  Photographie 

VOL.  XX 

Price  reduced  from  $2  to  $1  a  year 

Send  10  oenia  for  Muanple  copy 


TURKISH   BATHS 


AT  HOME 

For  3  C«ntc  Each,  In  Irwin's  Cabi- 
nets. Taken  Easily,  Safely.  No 
exposure. 

Contains  best  fisatares  of  other 
Cabinets,  with  several  improrement*. 

Will  care  RhenmaUsm,  all  Kid- 
ney, Nerve,  Blood,  and  Skin  Disease. 

Price,  with  formnln,Taporizer,  and 
heater,  |5.00  and  912.00.  Special 
price*  where  we  have  ■•  afeat. 
Agents  wanted.  Dae  sold  1,000  !■ 
four  ■•■thi.  Book  "Health  and 
Beanty  "  FREE. 

IRWIN  MFG.  CO., 

123  Chambors  St..         Now  York. 


The  Tradesman 


is  fall  of  praotieal,  eTur-di^  iafonnatioB  for  the  nfr-tir  itafts 
mannfiMtorar  and  machinery  user.    It  ia  hia  i  ' 
To  reach  the  porohawr  and  nan  of 


Machinery  and  Supplies 


in  the  wholo  Sonth,  vae  Tho  Tradenutt.    For  foil  iBfansa- 

tion,  write 

Tho  Tr«cl*«m«n,  Ch«ttanooc«.  T«iiii. 


Mention    SCIENCE  AND    INBUSTRT  when 
answering  advertisements., 


"^^ffiiicjbyv^joogie 


YEAKS 


FREE 
TRIAL 


The    Unique    CORNISH    PLAN 
of  Selling  Pianos   and   Organs 


Pianos  from  $155 


Wc  wilt  ship  a  CORNISH  PIANO  or  a  OiR- 
NlStf  GROAN  anywhere,  upon  the  dis- 
tinct understanding  that  if  it  is  not  en- 
tirely  as    represented,    Bftct   twelve 
months*  use,  we  will  faJrc  it  baek  and 
pay^  carriage  both  ways,  and  also  any 
incidental  expenses  that  may  have 
been  incurred^   so  that  it  will  only 
cost    the  price   of  writing  material 
and  postage  for  the  whole  yearns  use* 

Could  anything  b^  more  fnir^  miytfiinff 
tiiurt*  libcruf,  tin^f thing  more  coiwiusive 
of    our   Jaith    in    ttt^s€   inxlrum^nlif 

Over  a  Quarter  Million  Satlsfifid  Customtrs 

ftttest  the  ImiiFsty  of  thia  modem 
TDeLhwJ    of   p\M\0   ¥it;\.l\U^.     It 

tij  build  up   tlij.g  buhlneta 
iinlt-aa     the     plafk      vvjij 
bfldspd     up     hy    thfe 
ElrOngeNt       evkj^n^iie 
ofoui  rcopouiLblJliy. 


Wi  Warrant  Our  Pianos  and  Organs  for  25  Years 

Jlii^k  of  Unit  iiarruttif/  ix  n  btiyifitJi.T  u'^trih   aver  &  tnlllluii 
doUbrt  and  a  t^tuiiieJts  experience  extending  overjl/ty  j/eart* 

^y  ^^^  ^^  ^^  Wf  wUt  ■■[![]  to  ftii5  pFr-oii  ntFQ I koi» La r  IbH  psptt  ihr 
■S  W^  ^™  ["^  tnji<t  c!<»ni|jr«li?Tiilk[<:  rIcMJ  rl  pi  Lou  vf  X}it  RnrBl  Pivnv* 
B  ■"■^■'■^  und  Off  an*  In  the  vror1i]i  ll  TuHj  rlriMjrJlwi  mnd  lilu,* 
truitBa  the  |»*rf«»et  priMlucllim  fit  ihe  lin^iiUi  i'arnfflfa  fHPtory— Urtj  nrw 
■tfl^.  Pirin  K\EH>iiih'in  iii-niJa'U  Vli'tOi  F<ich  cvnif^r-a'i'ivim  «i<  tncluilf  >  tail  i^i n 1 1 Ib , 
la^ati^m,  nf  HjiuT  i-i^'t'^Dl  jmlucih'^,  '  Si,  ffcUttt  4i*id  fht  Iitixv*^*tg  Vkm*;"  aUh  ib* 
'^'/fcdrl  <'f  th*  pf'tpif."  «iP< !  >>^tir  tai*il  rrjt'tfi'-.f  tk«*i.  coiiEkEnJai^  ihe  nmmi-n  of  ^ 
'3,'bi)0  rrCGiil  jiurrhKi'Ti  fru^iiCter^  .^^l&u-  in  LUi:UuLiiu.Tbl<icuQi;iit'iidiLiiA  ti^lUKbout 

Thi  Wondorful  Orohestrai  Attaclimonts 

wlileh  an*  t«  br  riiiuitl  only  nn  wiir  iimtru inc.- ntn^  wlirrehr 
the  s%v(frt  icin4*i4  iM'  ilii*  IlnrPi  liiiiULr,  :>tiiTidnliii,  Itniiin, 
*ic.,  nre  rtprmlnnHl  lu  oiii"  pluiiutif  i^'lvlng  iin  onjliesimni. 
:b(^me  to  pivt-ry  purcKuHt-r. 

ICO-OPCRATIVE 

OROAN  free; 


Krnil  Tor  purtli'MTur'.  of  *hp  CORNISH  C< 
PLAN*    ahfli^lnf    lli>il'     TQU     4>^sksi     iiiaLc 

fbr  ufs   or   A  CORNISH   FlANO    or    C 

CORNISH  &  CO.,  Washingfon,  N.  J, 


SPECIAL  OFFER 

fa  ■tnd'^TitB  of  Til r  f ntrrnatti>i3n1  Corfriip<>nilFiiee 
Brliouln— V  proiiij.pl  rfHpon**^  li>  tUls  arlvertlhenient 
^I'Ut    E^ociire   a    itlMi'oniit   of  SlU  on  tllr:  Jl«t  |irlv*-B  lift 

quoted   iti  our   J1NX>  cuLitloijuts  nn  Jiny  I'orniHh  nrirari, 
r$::4i^  on  tlic  lint  |ii'lc4:«  ir  jouL  L^uy  ti  tJornmh  Pliitiu- 


Organs  from  $25 


rj 


THE  Li 
COMPANY 


Aftic   for  n«w  catalogue    No.    loM. 


BLACK 
DIAMOND 


FILES 

AND 

RASPS. 


Bee  our  ad.  Inside  front  coyer. 


If  you  buy^r  expect  to  bay — Machinery, 
TooIb,  and  Supplies,  in  order  to  know  what  the 
beet  goods  are,  and  to  save  money  in  bayini^,  yon 
will  find  it  absolutely  essential  to  have  our 
logues. 


«A  Book 
of  Tools 


Metal  Workers'  catalogue— 650  pages,  and  OTer 
2000  Illustrations,  all  goods  priced. 

"Wood-Workers 
Tools" 

Wood  Workers'  catalogue— 400  pages,  over  2000 
illustrations,  a  regular  Encyclopedia.  Elither 
catalogue  sent  by  mail  upon  receipt  of  25  oents 
to  cover  mailing  expenses.    Address: 

THE   CHAS.   A.  STRELINGER  OOMPANY. 
Box  K,  IVtrott,  BAIdL  ^ 


The 
Celebrated 


LUFKIN 


Measuring 
Tapes 


Aie  indlipeimUe  for  aooarmie  work.    For  lale  by  all  prominent  dealen.  Send  for  catalogae;  It  will  Intareet  yoo. 

LUFKIN  RULE  COMPANY.        -       -       SAGINAW,  MICH.,  U.  S.  A. 


For  Quality,  Finish,  and  Des^, 

Hargraves' 

Goods 
Lead. 


TBADK  Q!/ 

HARORMTES 


SCREW  AND  PLUO  BIT.-J".  A". »"• 


N-"ii 


PLUG  CUTTER.— 


Made  by    THE  CINCINNATI  TOOL  CO-,  CINCINNATI,  OHIO- 


Macio   Hand   Ancle   Benders. 

Bends  any  angle  from  zero  to  rUrht  angle.  !■  quickly  and  easily  adj noted.  Bends 
stock  any  thickness  ap  to  >^  iacti,  an  1  any  vrldth  no  to  4  Inobes,  flat  bend,  or  np  to  % 
inch  thick  and  \y^  ln"h  wi*l  { edflrevdie  We  alno  m%ke  benders  f6r  angle  Iron  and  odd 
shapes  to  order.  A  Oreait  Time  9«ver.  We  also  mannfaoture  Ring  and  Band 
BeudefH.  Hinge  Eye  Bearers.  Special  Hiud-formlng  Tools  to  order  (send  diagram  for 
estimate) .   Descriptl  ve  circalar  and  prices  on  application.  Agents  and  dealen  wanted. 

VlfAI.L.AOK  9URRL.V  CO.  (Railway  Dapt.)« 

Look  for  our  ad.  in  the  next  issue.  BO  Flf^h  Ave.,  OhloaiKO,  III. 
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